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Abstract

:

The aim of the study was to determine the influence of hemp seed oil on the rheological properties of the dough and the properties of white and black wheat flour bread. In this work, the dough was obtained from wheat flour types 550, 650, and 1350 to which hemp seed oil was added in percentages ranging from 0–15% (flour-based). The empirical and fundamental rheological properties of the dough were characterization using an alveograph test and a rotational rheometer. The rheological properties determined by the alveograph test indicated a correlation between the dough extensibility index and the bread volume. The obtained results led to the conclusion that the addition of oil in the dough, at a maximum percentage of 15%, modifies rheological properties by decreasing the modulus of viscosity and elasticity. Textural properties were used to determine hardness, springiness, cohesiveness, and adhesiveness. The hardness and softness of the bread decreased as the percentage of added oil increased and the elasticity of the bread samples increased with the addition of more oil. Supplementing bread with oil has led to improved textural features and sensory scores. Generally, the best quality was obtained at the optimum usage level of 5–10% hemp oil.
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1. Introduction


Bread is considered a staple food all over the world because of its nutritional value, its ability to be eaten with other foods, and its low price [1].



In the composition of bakery products, oil is an auxiliary component, but with an important functional and rheological role in the dough [2]. Adding a small amount of fat to yeast dough helps the gluten to spread, resulting in bread with a higher volume. Fats are used in bread making to improve gas retention in the dough and thereby increase its volume and softness, to lubricate, aerate, and help heat transference in the dough, imparting desirable texture [3]. The flow and deformation behavior of the dough is recognized as essential to the successful production of baked goods [4]. Since the doughs are viscoelastic, oscillating dynamic testing has been widely used in recent years to characterize the rheological properties of dough [5,6]. The amount of oil added is determined by the type of flour and the capacity of the proteins in the flour to bind these lipids during kneading [7]. The percentage of added oil should not exceed 5–10%.



The rheological properties of wheat flour dough, supplemented with different amounts of hemp seed oil, have been studied previously and it has been shown that water absorption decreased as the amount of oil added increased. Other authors who have studied the effect of adding flaxseed oil to wheat flour dough have reported increased water absorption and dough stability [8,9]. They reported that the use of ground flaxseed at a level of 10% significantly increased the volume of the bread, the specific volume of the bread, and delayed the aging of the bread.



The sensory qualities of baked bread, such as flavor, softness, volume, palatability, and appearance are improved, while oxidation reactions, staling, and moisture migration are reduced by the addition of oil to bread recipes [10].



The current trend in the industry is to introduce healthier fats into food products. As a result, a decrease in monounsaturated fatty acids (MUFA) are expected alongside an increase in polyunsaturated fatty acids (PUFAs) in consumer foods [11,12,13].



Hemp seed oil contains high concentrations of polyunsaturated fatty acids (PUFA) (70–90%) and is a good dietary source of essential fatty acids and linoleic acids [14,15]. Linoleic acid (50–70%) is the major fatty acid in seed oil. Hemp seed oil is considered healthy because of its desirable omega-6: omega-3 fatty acid ratio, 3:1. This value is considered optimal for human health, as it has a positive influence on health conditions through reducing the risk of cardiovascular diseases [16,17].



The main purpose of this research was to investigate the effects hemp seed oil had upon the rheological properties of dough obtained from wheat flour, with specific attention paid to three types of flour (550, 650, and 1350), as well as its effects upon the quality of the bread.




2. Materials and Methods


2.1. Materials


Wheat flour was bought from the local producer, Mopan S.A, and have with document’s verifying its quality. The following three types of flour were used: white flour (type 550), white flour (type 650), and black wheat flour (type 1350). Wheat flour was characterized according to ICC methods in terms of its composition as follows: Type 550, 14.0 g/100 g moisture; 0.55 g/100 g ash; 13.2 g/100 g protein; 31 g/100 g wet gluten. Wheat flour type 650, 14.5 g/100 g humidity; 0.65 g/100 g ash; 10.5 g/100 g protein, 27 g/100 g wet gluten. Wheat flour type 1350, 14.5 g/100 g humidity; 1.35 g/100 g ash; 10.5 g/100 g protein; 26 g/100 g wet gluten.



The results obtained were duplicated and expressed as average values. The hemp seed oil was purchased from a producer in Romania (Pronat SRL, Romania). The acidity of the oil at its time of use in the formulation of dough was 1.16 and the iodine number of hemp oil was 152 g/100 g. The percentage of hemp seed oil added was as follows: S0 control test–0%; sample 1–5%; sample 2–10%; sample 3–15%. A total of twelve bread samples were obtained for analysis.




2.2. Methods


2.2.1. Dough and Bread Preparation Method


The bread recipe was as follows: 250 g of wheat flour of each type: 550, 650, and 1350 in g of yeast was added, 3.75 g salt and hemp seed oil in percentages ranging from 0% to 15%. Water was added depending on the hydration capacity of the dough. The dough was kneaded using the Kitchen Aid Heavy Duty mixer by mixing until full dough development. After kneading, the dough was split, re-mixed, and fermented for 30 min at a temperature of 35 °C and 80% relative humidity using a fermentation cabinet Piron. When the fermentation was complete, the bread was baked in a Mistral TTR electric convection oven at 180–210 °C for 30 min.




2.2.2. Rheological Analysis


The rheological analysis of the dough was performed on a dynamic rheometer (HAAKE RheoWin Mars 40, Karlsruhe, Germany). All measurements were performed at a temperature of 20 °C, using rotor/plate geometry with a rotor diameter of 40 mm and a gap of 2 mm. A frequency range of 1–20 Hz and a temperature of 20 °C were used for the elastic modulus (G′) and the viscous modulus (G″). Frequency recovery tests were performed in the linear viscoelasticity range at a constant stress of 50 Pa. The whistle time was 60 s and the recovery stage was 180 s. The viscoelastic properties of the dough samples also appreciated under the influence of temperature. G’ modulus, “storage” or “elastic”, and G″ module, “loss” or “plastic”, were analyzed at temperatures between 20 °C–100 °C. The determination was made using plate-plate geometry, with a rotor diameter of 40 mm and a distance of 2 mm [18,19].



The empirical dough’s rheological properties were documented using an alveograph device (Chopin Technologies, type F4, Villeneuve-La-GarenneCedex, France). The following characteristics were defined: dough extensibility (mm) was indicated by the length of the alveogram curve (L), the maximum pressure (P) represented the peak height (mm), baking strength (W), index of swelling (G), and the configuration ratio of the alveograph curve (P/L). The alveograph test was done according to ICC 121, AACC 54–30A, and ISO 5530/4 approval with 14.0–14.5 g/100 g of moisture [20,21,22].




2.2.3. Evaluation of Bread Quality


Texture Analysis


The texture profile evaluation test aims to mimic the mastication process, which is run in the form of double compression cycles. Through this test, a number of properties relating to the bread’s texture can be evaluated, such as the following: hardness, springiness, cohesiveness, adhesiveness. The textural characteristics of the bread samples were determined using a texturometer device (TVT-6700, Perten Instruments) using a 45 mm cylindrical probe, which operates at a speed of 5.0 mm/s and a trigger force of 5 g. To highlight the textural parameters of the bread samples, they were cut into 50 mm high slices. Compression was performed up to a displacement equal to 75% of the sample height, with a pressing speed of 4 mm/s. The test parameters were as follows: 10.0 mm/s pre-test speed, 5.0 mm/s test speed, 5.0 mm/s post-test speed, and 40% strain. Thus, the device software has been programmed to record forces and displacements, as well as to calculate texture parameters. These analyses were conducted 2 h after baking [22,23,24,25,26].




Sensory Analysis


The 12 bread samples were proposed for sensory analysis to a group of 11 specially trained panelists; a selection of students from the Faculty of Food Engineering. This group evaluated the bread samples, giving grades from 1 (lowest intensity) to 5 (highest intensity), for the following sensory attributes: crust color, crumb pore uniformity (size of pores in section (small/big), crumb softness, specific aroma, and after-taste. The coded samples were offered to the tasters and the sensory evaluation was performed using the preference test. Additionally, overall acceptability was determined using a 9-point hedonic scale (from 9 = like extremely to 1 = dislike extremely). Differences were considered to be significantly different at a value of p < 0.05 [25,26].




Statistical Analysis


The obtained results were statistically analyzed using XLSTAT 2021, software (Addinsoft, NY, USA) for the one-way analysis of variance, followed by the Tukey test to determine the significant differences between means at p < 0.05.



PCA analysis enabled the multivariate distribution of the data sets obtained in determining the alveograph parameters (dough extensibility (L), the maximum pressure (P), baking strength (W), and swelling (G). The data sets were separated into quadrants indicating the strength of the links that are established between the analyzed characteristics. The greater the strength of the connections, the shorter the distance from the point of origin. This method was used to distribute rheological characteristics and to determine the correlations between rheological, textural, and sensory characteristics.



Rheological variables (dough extensibility, maximum pressure, baking strength, swelling, elastic modulus, and viscous modulus) and textural variables (hardness, springiness, cohesiveness, and adhesiveness) were correlated with sensory characteristics (crust color, crumb pore, crumb softness, specific aroma, and after-taste) and then ana-lyzed using the Matlab 2021b program (MathWorks, Natick, MA, USA).







3. Results and Discussion


3.1. Results in Obtaining Bread Samples


A total of 12 bread samples (Figure 1a) were obtained using three types of flour (type 550, type 650, and type 1350) to which hemp seed oil was incorporated in kneading in percentages of 0%—Control, 5% (P1), 10% (P2), and 15% (P3). The samples in the section are presented in Figure 1b.




3.2. Rheological Analysis Results


Figure 2a shows the values of elastic and viscous modulus, depending on the frequency, for the dough obtained from white flour type 550 with different amounts of hemp seed oil. A visual inspection of the data suggests that all samples are dependent on the amount of oil added. The rheological properties of the 550-flour dough demonstrate the same linear decreasing tendency of both the elastic and viscous modes. Figure 2b describes the viscoelastic properties of the flour dough 650. A significant decrease in the elastic and viscous mode is observed with the addition of 15% hemp oil. This behavior can be attributed to the high protein content of white flour, but also to the size of the starch granules and the bonds that form between the starch and the incorporated oil. In general, the incorporation of oil into white flour dough decreases viscoelastic modules, G′ and G″, leading to lower values than the control dough [27,28].



Figure 2c describes the frequency and viscous modulus, depending on the frequency, for the dough obtained from black wheat flour (type 1350) with the addition of hemp seed oil. The same tendency to decrease the elasticity and viscosity of the dough is also noticeable in this dough sample. The decrease is more visible as the percentage of added oil increases. The loss modulus (G″) presents lower values than the storage modulus (G′) in all formulated dough samples, suggesting a more elastic than viscous characteristic in dough samples. This result influences the development of the dough during fermentation, increasing its capacity to retain fermentation gases and thus, increasing the elasticity of the bread crumb and volume [29,30].



Figure 3a–c describe the behavior of dough obtained from wheat flour with the addition of hemp seed oil in proportions of 0–15% under the influence of temperature variations. There has a tendency to increase the viscosity of the dough as the temperature increases. The flour dough sample 550 has the effect of increasing the viscous and elastic modulus by 5% and, by increasing the amount of oil, there is a considerable decrease in elastic and viscous behavior [31,32]. The dough obtained from 650 flour with the addition of hemp seed oil behaves differently due to the manner with which it reactions to temperature. The elastic modulus decreases significantly with a 5% addition of oil, especially when compared to the sample control, as well as with 10% and 15% oil additions.



The temperature ranges for starch gelatinization are lower for dough samples with higher oil additions. Figure 3c shows the behavior of the dough obtained from black flour (1350) under the influence of temperature. The G′ G″ modules show a linear trend for the control sample, compared to the dough sample which had an added percentage of 15% oil. The difference is significant between the two samples, this aspect will be observed in the results obtained when assessing the quality of the bread [33,34].



The alveograph data are shown in Table 1.



Analyzing the alveographic parameters highlights the bread’s extensibility and the effects of increasing the elasticity of the dough as the percentage of added oil increases. The characteristics were determined: the extensibility of the dough (mm) indicated by the length (L) of the alveogram curve, the maximum pressure (P) representing the peak height (mm), the baking strength (W), the swelling index (G), and the configuration ratio of alveograph curve (P/L). The swelling index (G) increases in all dough samples in proportion to the amount of oil added and the baking strength decreases inversely in proportion to the addition of oil [35,36]. The incorporation of oil decreases water absorption, the mixing tolerance, and the tenacity of the doughs, but increases extensibility. The incorporation of oil tends to reduce the extensibility of the doughs and the energy of deformation, measured with the alveograph which can cause problems in the use of the doughs or in the retention of gas during fermentation.



Figure 4 expresses the following through a three-dimensional graph: the distribution of swelling index, the extensibility of the dough, and the maximum pressure which describes the empirically determined rheological properties. A homogeneous distribution of the results obtained for the following characteristics was observed: the extensibility of the dough (L), the maximum pressure (P), and the swelling index (G). The values are evenly distributed because the 550 and 650 flour assortments have similar rheological behavior, with the exception of the 1350 flour, which has a different behavior both in the description of the dynamic rheology and in empirical determinations.



Principal Component Analysis (PCA) was applied to highlight the effects of adding oil to white and black flour with the alveograph determined rheological characteristics of the dough. The loads of the variables studied with regards to the first two main components, PC1 (74.96%) and PC2 (24.30%) (Figure 4) described 99.27% of the total variant. Figure 5 represents the distribution of the quality attributes determined by the alveograph determinations and the dough samples, with which they are in a significantly positive correlation. PC1 was associated with dough samples with 0–5% added oil with rheological characteristics (extensibility, baking strength, maximum pressure, and the configuration ratio of the alveograph curve). PC2 was associated with dough samples with additions of 10–15% of hemp seed oil. There is a good relationship between the extensibility and the swelling index in the control sample and the dough with an addition of 5% hemp seed oil. The samples with 10–15% were not associated with the analyzed rheological characteristics [37,38].



It can be seen that dough’s of 650 and 550 flour with a maximum of 5% added hemp oil had the best characteristics, having qualities such as high extensibility, swelling index and high resistance to baking. The 1350 flour doughs (control and P1) correlate with the maximum pressure.




3.3. Evaluation of Bread Quality


The results regarding the analysis of the textural characteristics are presented in Table 2.



Determining the texture of white bread when supplemented with oil demonstrated that a decrease in hardness occurred when the amount of oil added amounted to 10%. When an oil percentage of 15% was added to the dough, it increased the hardness value for all resulting bread; both white and black flour samples [39,40]. This increase in hardness comes about during the process of changing the structure of the dough. The absorption of water in the starch granule is reduced, the proteins in the flour are covered with oil, and the gluten network is inhibited by the 15% addition of oil. The proteins’ glutenin and gliadin require water to combine and form gluten strands, which gives the dough its strength, stretchability, and ability to trap fermentation gasses, preventing them from rising. This increase in hardness when adding 15% oil also has a negative effect on the elasticity of the crumb. This value decreases proportionally with the increase in the percentage of incorporated oil. The fermentation of the dough is slower with the addition of high percentages of oil, which leads to an increase in the fermentation time, a decrease in the retention capacity of the fermentation gases, and finally, a reduction in the volume of the bread [41,42]. The gumminess of the crumb is correlated with the addition of oil to the bread samples. This characteristic is associated with chewability. Chewing properties (chewing time or number of chews) and the sensory perception of fat are attributes that the consumer does not like [43]. Comparable findings have been described by Puerta et al. (2020), and Jourdren, et al. (2016), correlating the perceived sensations to the appreciation of the textural characteristics of bread by panelists [44,45]. The recommendation for consumers is that the bread samples with high gumminess can be toasted before consumption.



The characteristics of the structure and texture of the bread were analyzed (Figure 6) to demonstrate the overall effect of the distribution of quality attributes. Two components accounted for 81% of the total variation in data; 29% and 52% of the variations found in main components 1 and 2, respectively. It is evident that the 650 and 550 flour bread samples correlate with the cohesiveness and extensibility properties of the dough. In the right quadrant are grouped bread samples obtained from 1350 flour, the control sample, and the sample with 15% oil that demonstrated increased hardness.



The graph represented in Figure 7 expresses the distribution of bread samples in relation to all quality attributes that described the fundamental rheological characteristics, empirical and textural characteristics. On axis 1, at the distance of origin, are the bread samples obtained from black flour (1350) with the addition of 10% and 15% hemp seed oil. On axis 2 are the white flour bread samples, type 650 and 550 (P3_550 and P3_550), which have a strong positive ratio. Observing distribution on the graph reveals significant correlations between samples P2_550 and P2_650. In conclusion, the addition of oil in the dough influences the rheological and textural properties, depending on the percentage added and the type of flour.




3.4. Evaluation of Sensory Quality of Bread


Sensory evaluation (Figure 8) of bread samples was performed 24 h after baking. The bread samples received up to 9 points regarding general acceptability with the following average scores: the bread samples with the addition of 5% hemp oil scored 7.66; samples with the addition of 10% hemp oil scored 8.20; samples with the addition of 15% scored 7.12. On average, the evaluators said, with regards to the addition of 5–15% hemp oil, “I like it very much” and “I like it moderately”. The evaluators appreciated the samples of black bread with the addition of 5% and 10% for its crumb pore and specific aroma. Although using hemp seed oil benefits is beneficial to bread quality, it cannot be used in excess of 10%, as, according to the evaluators’ ratings, this causes the taste to worsen. Related to this, is that other several studies have also evaluated consumer satisfaction with oils, such as sesame, chia, pumpkin, and flax, finding that 5–10% additions did not significantly alter sensory properties.





4. Conclusions


This study demonstrates the possibility of using hemp seed oil in the formulation of bread dough for both white and black bread.



Alveograph parameters were used to analyze and highlight the extensibility properties and the effect of increasing the elasticity of the dough as the percentage of added oil increases. The results indicate that the presence of hemp seed oil changes the rheological properties of the dough, increasing storage and loss values.



The loss modulus (G″) presents lower values than the storage modulus (G′) in all formulated dough samples, suggesting a more elastic than viscous characteristic in said dough samples.



The rheological properties of the dough have been improved, as have the textures in the samples obtained from black flour with the specification that the maximum oil addition is 10%. An increase in the hardness of the bread samples was noticed in bread with the addition of 15% hemp seed oil. The effect of incorporating oils in bread depends on the quantity added. In small amounts, it can be beneficial, while in larger quantities, they weaken the dough and have negative effects on the springiness. Therefore, depending on the flour type and the amount of oil added, the effects on the quality of bread may vary.
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Figure 1. (a) Bread samples obtained from the three types of flour (external appearance); (b) Section appearance of bread samples. 
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Figure 2. (a) G′ G″ dough modulus (points) and power curves (lines) depending on frequency at 550 flour dough samples for four different added oil contents: 0% (red point), 5% (green point), 10% (blue point), and 15% (purple point); (b) G′ G″ dough modulus (triangle with tip up) and power curves (lines) depending on frequency at 650 flour dough samples for four different added oil contents: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle); (c) G′ G″ dough modulus (triangle with tip down) and power curves (lines) depending on frequency at 1350 flour dough samples for four different added oil contents: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle). 






Figure 2. (a) G′ G″ dough modulus (points) and power curves (lines) depending on frequency at 550 flour dough samples for four different added oil contents: 0% (red point), 5% (green point), 10% (blue point), and 15% (purple point); (b) G′ G″ dough modulus (triangle with tip up) and power curves (lines) depending on frequency at 650 flour dough samples for four different added oil contents: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle); (c) G′ G″ dough modulus (triangle with tip down) and power curves (lines) depending on frequency at 1350 flour dough samples for four different added oil contents: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle).
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Figure 3. (a) G′ G″ dough modulus (points) and power curves (lines) depending on temperature at 550 flour dough samples for four different amounts of added oil: 0% (red point), 5% (green point), 10% (blue point), and 15% (purple point); (b) G′ G″ dough modulus (triangle with tip up) and power curves (lines) depending on temperature at 650 flour dough samples for four different amounts of added oil: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle); (c) G′ G″ dough modulus (triangle with tip up) and power curves (lines) depending on temperature at 1350 flour dough samples for four different amounts of added oil: 0% (red triangle), 5% (green triangle), 10% (blue triangle), and 15% (purple triangle). 
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Figure 4. Graphic representation of the main alveograph characteristics. 
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Figure 5. Principal component analysis (PCA) graph showing the distribution of rheological variables for the dough samples analyzed. 
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Figure 6. Analysis of the main components for the correlations between the bread samples and the rheological and textural characteristics. 
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Figure 7. Graph of the distribution of bread samples in relation to the quality characteristics and the proportion of added hemp seed oil. 
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Figure 8. Sensory properties of bread samples. 
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Table 1. Results of alveographer characteristics for wheat flour with the addition of hemp seed oil.
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	Sample
	P, mm
	L, mm
	G, mm
	W, J
	P/L





	M_550
	99 ± 0.01 a
	79 ± 0.02 a
	19.8 ± 0.02 a
	283 ± 0.02 c
	1.47 ± 0.01 a



	P1_550
	89 ± 0.01 a
	110 ± 0.01 c
	23.3 ± 0.02 c
	262 ± 0.02 b
	1.81 ± 0.02 c



	P2_550
	106 ± 0.02 b
	99 ± 0.01 ab
	22.1 ± 0.03 c
	179 ± 0.02 a
	1.70 ± 0.02 b



	P3_550
	122 ± 0.02 c
	96 ± 0.01 b
	21.8 ± 0.01 b
	179 ± 0.01 a
	2.56 ± 0.02 d



	M_650
	105 ± 0.01 b
	97 ± 0.02 c
	21.9 ± 0.01
	298 ± 0.01 c
	1.08 ± 0.02 c



	P1_650
	95 ± 0.01 a
	86 ± 0.01 a
	20.6 ± 0.01
	221 ± 0.01 b
	0.94 ± 0.01 b



	P2_650
	112 ± 0.01 c
	96 ± 0.01 b
	21.8 ± 0.02
	184 ± 0.01 a
	0.68 ± 0.03 a



	P3_650
	120 ± 0.01 d
	79 ± 0.02 c
	19.8 ± 0.03
	122 ± 0.01 ab
	0.63 ± 0.02 a



	M_1350
	102 ± 0.01 a
	27 ± 0.01 a
	11.6 ± 0.02
	271 ± 0.01 c
	8.0 ± 0.03 d



	P1_1350
	108 ± 0.02 a
	24 ± 0.01 a
	10.9 ± 0.01
	183 ± 0.02 b
	7.13 ± 0.03 c



	P2_1350
	117 ± 0.03 b
	22 ± 0.02 a
	10.4 ± 0.01
	135 ± 0.02 b
	6.27 ± 0.03 b



	P3_1350
	128 ± 0.02 c
	21 ± 0.01 a
	10.2 ± 0.01
	116 ± 0.02 a
	6.05 ± 0.03 a







a–d Mean values in the same column (corresponding to the same parameters) indicated statistically significant differences (p < 0.05).
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Table 2. Texture parameters of the bread samples with different percentages of hemp seed oil added.
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	Sample
	Hardness

(N)
	Springiness

(Adimensional)
	Cohesiveness

(Adimensional)
	Gumminess

(N)
	Resilience

(Adimensional)





	M_550
	6.95 ± 0.02 b
	3.86 ± 0.01 a
	0.9 ± 0.01 b
	6.28 ± 0.00 d
	2.3 ± 0.12 d



	P1_550
	6.37 ± 0.03 b
	5.58 ± 0.02 b
	0.8 ± 0.02 a
	5.19 ± 0.00 b
	1.8 ± 0.11 a



	P2_550
	5.36 ± 0.01 a
	8.42 ± 0.03 d
	0.8 ± 0.03 a
	4.14 ± 0.01 a
	2.3 ± 0.14 d



	P3_550
	5.60 ± 0.02 c
	6.20 ± 0.02 c
	0.8 ± 0.03 a
	5.39 ± 0.01 c
	2.5 ± 0.02 d



	M_650
	6.45 ± 0.02 b
	3.68 ± 0.03 a
	0.9 ± 0.03 c
	5.54 ± 0.00 c
	2.5 ± 0.01 b



	P1_650
	6.31 ± 0.00 b
	4.83 ± 0.00 c
	0.9 ± 0.01 c
	5.76 ± 0.01 c
	3.0 ± 0.11 c



	P2_650
	5.53 ± 0.02 a
	4.12 ± 0.01 b
	0.7 ± 0.01 a
	4.09 ± 0.01 a
	1.7 ± 0.10 a



	P3_650
	6.21 ± 0.03 c
	3.67 ± 0.01 a
	0.8 ± 0.03 b
	5.09 ± 0.00 b
	2.7 ± 0.04 b



	M_1350
	9.35 ± 0.01 c
	2.95 ± 0.11 c
	0.8 ± 0.03 b
	7.52 ± 0.10 c
	1.9 ± 0.04 a b



	P1_1350
	9.01 ± 0.01 c
	2.74 ± 0.15 c
	0.8 ± 0.02 b
	6.85 ± 0.01 b
	1.7 ± 0.03 a



	P2_1350
	8.71 ± 0.02 b
	1.94 ± 0.21 b
	0.8 ± 0.03 b
	6.82 ± 0.01 b
	2.2 ± 0.03 b



	P3_1350
	8.99 ± 0.03 a
	1.86 ± 0.20 a
	0.7 ± 0.02 a
	6.41 ± 0.01 a
	1.6 ± 0.04 a







a–d Mean values in the same column (corresponding to the same parameters) indicate statistically differ significantly (p < 0.05).
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