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ABSTRACT: This study aimed to evaluate and compare the extraction efficiency of β-

Glucan from the bran and endosperm of the local barley variety (Amal) using the 

aqueous extraction method, driven by the growing nutritional and functional importance 

of β-Glucan in the food industry. The bran and endosperm were mechanically separated, 

and each fraction was subjected to aqueous extraction under controlled conditions of 

temperature, solid-to-liquid ratio, and extraction time. The extraction yield and purity of 

the extracted β-Glucan were determined using standard analytical methods. The results 

showed significant differences in extraction efficiency between β-glucan extracted from 

the bran and that extracted from the endosperm; the endosperm showed a slightly 

higher extraction yield than the bran. Conversely, the bran extract exhibited distinct 

functional properties, indicating that the physicochemical properties of this compound 

vary depending on its location within the grain. The endosperm extract had a molecular 

weight and viscosity that differed from those of the bran extract. These variations play a 

major role in determining the efficiency of the extract when incorporated into food 

systems as a thickening agent or a fat replacer. The study recommends utilizing both 

fractions as local sources of β-Glucan for functional food formulation, favoring the 

endosperm when focusing on maximizing extraction yield to improve product texture 

due to its superior physicochemical properties, and the bran when targeting 

sustainability and minimizing food waste. 

 

INTRODUCTION: 

Barley (Hordeum vulgare L.) ranks fourth among cereal crops in terms of  global production. However, its utilization in the 

food industry remains limited, being primarily restricted to malt production and animal feed. The variety used in this study is 

the local cultivar 'Amal', selected due to the urgent need to investigate local genotypes. 'Amal' is recognized for its high 

productivity and tolerance to prevailing climatic conditions; however, studies evaluating its β-Glucan extraction efficiency 

remain limited compared to global varieties. Due to the high fiber content in barley, it has become necessary to extract and 

study a specific type of  water-soluble fiber, namely beta-glucan (β-Glucan), which ranges from 2.2% to 19.8% in barley (1). β-

Glucan is a non-starch homogeneous polysaccharide composed of  glucose units as its building blocks, linked by β-(1,3) and 

β-(1,4) glycosidic bonds. Recent studies have indicated that this substance possesses unique properties, including lowering 

cholesterol levels, regulating blood sugar, acting as an antioxidant, and enhancing immunity (2). Moreover, β-Glucan has 

emerged as a highly critical functional ingredient in food science and pharmaceutical sciences (3). These soluble fibers are 

located within the cell walls of  the aleurone layer and the endosperm in barley (4). Regarding β-Glucan extraction, (5) indicated 
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that numerous and diverse extraction methods exist. However, the aqueous extraction method is the most sustainable and 

environmentally friendly approach, as it avoids harsh chemical solvents, thereby preserving the biosafety and integrity of  the 

extracted compounds. Furthermore, this method is cost-effective and economical (6). β-Glucan is utilized in food products as 

an emulsifier, a thickening agent, and a fat substitute, as well as a bioactive ingredient in the food industry, owing to its water-

solubility properties (7). It is characterized by its ability to modify functional properties when incorporated into food matrices, 

contributing to alterations in the rheological and sensory attributes of  the food product. Furthermore, the functional 

properties of  β-Glucan vary depending on its source as well as the extraction method. The extraction method directly 

influences the molecular weight and, therefore, the viscosity (8). Due to the global trend towards utilizing natural components, 

there is a need for an accurate comparison between the products of  aqueous extraction from different parts of  the grain. 

Therefore, this study aimed to evaluate the aqueous extraction efficiency of  beta-glucan from the bran and endosperm of  the 

local barley variety, and to assess their qualitative differences to benefit the food manufacturing sector and enhance consumer 

protection by providing high-quality, cost-effective natural alternatives. 

MATERIALS AND METHODS: 

Barley grains (Hordeum vulgare L.), variety 'Amal', were obtained from the Agricultural Research Center, Scientific Research 

Commission, Seed Technology Department. The grains were cleaned to remove impurities, foreign matter, and dust. 

Subsequently, the hulls (glumes) were completely removed using a specialized grain Al-Habbasha machine. 

1. Determination of  Moisture: 

The moisture content of  the grains was determined using a Measure 1200D moisture analyzer (Germany), available at the 

Quality Control Department of  the Grain Trading General Company. Subsequently, the grains were tempered to a target 

moisture content of  14% according to the method described by (9). The volume of  water added (mL) was calculated using the 

following equation: 

 

The calculated amount of  water was then gradually added using a sprayer to distribute the moisture evenly. The grains were 

thoroughly mixed for 2-3 minutes and placed in a sealed container at a temperature of  20-25°C for 24 hours to improve 

moisture balance. Laboratory milling was then performed using a Brabender laboratory mill in the Food Science Department 

laboratory, Faculty of  Agricultural Engineering Sciences, and the extraction rate was calculated. 

 

The endosperm was separated from the remaining grain components using a sieve with a mesh size of  0.25 mm, resulting in 

an extraction rate of  65%. The flour was stored in polyethylene bags in a refrigerator at 4°C until the extraction process. 

Meanwhile, the collected bran was finely ground using a domestic grinder and was also kept under the same conditions until 

the beta-glucan extraction process was carried out, in order to make economic use of  the milling byproducts. 

2. Extraction of  β-Glucan from Barley Bran and Endosperm 

The extraction was carried out according to (10), with some modifications to the method. The centrifugal force was changed, 

and the samples were dried by freeze-drying instead of  using an air oven. The extraction ratio was 1:10 (w/v) water. One 

hundred grams each of  the milled and separated endosperm and bran were weighed, and 1000 mL of  distilled water was 

added to each. The pH was adjusted to 7 using a 20% sodium carbonate solution. The mixture was then subjected to heat 

treatment at 55°C for 30 minutes with continuous stirring. The mixture was then centrifuged (10,000 x g) for 20 minutes at 

4°C. Subsequently, the pH was adjusted to 4.5 using 2 M HCl to precipitate the proteins. The mixture was then centrifuged at 

10,000 × g for 25 min at 4°C, and the precipitate was discarded. The concentrated ethanol (99%) was added at a 1:1 (v/v) 

ratio, and the mixture was left for 24 h at 4°C. Finally, the mixture was centrifuged at 3,000 × g for 15 min at 4°C. The 

supernatant was discarded, and the precipitate was collected and homogenized with 99% ethanol, followed by filtration. The 

precipitate was then transferred from the filter paper into a porcelain crucible and allowed to dry. Subsequently, the sample 
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was freeze-dried in a lyophilizer at -50°C for four hours. After drying, the product was ground, weighed, and the extraction 

yield percentage of  β-Glucan was calculated. The resulting powder was stored in airtight containers at a refrigeration 

temperature of  4°C until the subsequent analyses were performed: 
- Relative Density and Viscosity 

The relative density and viscosity of  β-Glucan were measured to determine the effect of  the extraction method. The 

procedure was carried out according to the steps described by (11), where 0.2 g of  beta-glucan extract was used and placed in a 

50 ml beaker. A small amount of  water was added, and the mixture was heated to boiling for 5 minutes using a mixing heater. 

After that, the temperature was reduced to 77°C and mixed for one hour, then it was reduced to room temperature, and 

mixing continued for another hour. After that, the pH was adjusted to 6.5 using 4% sodium hydroxide (this procedure is done 

to prevent clumping), and the solution was homogenized using a manual homogenizer until the heterogeneous particles 

disappeared, and the volume was completed to 100 ml with a concentration of  2 mg/ml. The density of  the extract prepared 

using the aforementioned method was measured using a density flask at 20°C. 

The relative viscosity was measured using an Ostwald pipette after it had been thoroughly washed with water and alcohol and 

then completely dried. The experiment was conducted at a constant temperature of  20°C. The time required for the liquid to 

pass a certain distance through the Ostwald pipette was calculated. The process was repeated several times until three 

identical readings were obtained for the liquid and the water. The two readings were then compared according to the 

following law, as cited by (12), to obtain the viscosity of  the solution, measured in centipoise cP. 

 

=  

Determination of  Water Holding Capacity (WHC): 

The water holding capacity of  beta -glucan was determined according to the method described by (13). Briefly, 0.5 g of  beta -

glucan was weighed and placed into a centrifuge tube, followed by the addition of  10 mL of  distilled water. The mixture was 

blended using a vortex mixer for 1 min and then allowed to stand at room temperature for 30 min, with intermittent 

vortexing for 5 s every 10 min. Subsequently, the mixture was centrifuged at 6,000 × g for 25 min. The unbound water was 

discarded, and the tubes were weighed. The water holding capacity percentage was calculated using the following equation: 

 

- Determination of  Oil Holding Capacity (OHC):  

The oil-holding capacity was determined using the same procedure described above, except that sunflower oil was used 

instead of  distilled water. The oil holding capacity percentage was calculated using the following equation: 

 

Based on the theoretical molecular weight according to (13) and relying on the viscosity of  the beta-glucan extract, and 

according to the following equation: 
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Where: 

 

 

Where: 

ŋ: is the relative viscosity of  the sample 

sŋ: is the viscosity of  the solvent 

ŋsp: is the specific viscosity (ml) 

[ŋ]: is the apparent viscosity (ml/g) 

C: is the concentration of  the solution (g/ml) 

K: is a constant of  1.81 × 10-5 

a: is a constant of  0.93 

- Determination of  Molecular Weight: 

The molecular weight of  the extracted beta -glucan was determined using polyacrylamide gel electrophoresis under 

denaturing conditions (Urea-PAGE) according to the method described by (14) and modified by (15). The standard barley beta-

glucan was electrophoretically migrated alongside the extracted beta -glucan from the endosperm in one run, and from the 

bran in another. For this purpose, an electrophoresis system manufactured by Pharmacia Fine Chemicals (Sweden) was 

utilized. 

 

Statistical Analysis: 

The SAS Statistical Analysis System User's Guide (16) was used to analyze the data to study the effect of  different treatments 

on the studied traits, according to a completely randomized design (CRD). Significant differences between means were 

compared using the Least Significant Difference (LSD) test. 

RESULTS AND DISCUSSION 

Chemical Analysis of  Whole Barley Grain and Endosperm Flour 

Table (1) Chemical Analysis of  Whole Barley Grain and Endosperm Flour of  the Amal Barley Variety with 65% Extraction 

Rate 

Components % Whole Barley Grain  Endosperm Flour  L.S. D 

Moisture 8.55 % 13 % 2.085 

Fat 2 % 0.9  % 0.724 

Protein 11.05 % 9.25 %   1.368 
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Total Carbohydrate 76.04 % 75 % 4.702 

Ash 2.36 % 1.35  % 0.677 

(P<0.05) 

 

The results presented in Table (1) illustrate the chemical composition of  the whole barley grain and the endosperm flour, at 

an extraction rate of  65%. The moisture content was 8.55% in the whole grain, whereas it reached 13.5% in the endosperm 

flour. This increase requires caution, as higher moisture levels stimulate the activation of  beta-glucanase enzymes. Comparing 

the percentage of  fat and protein in whole grain and in flour, a decrease in the percentage in flour, as the percentage in whole 

grain was higher for both. This is attributed to the isolation of  the aleurone layer and the germ, which constitute the highest 

percentage of  proteins and fats in the grain. Research by (17) confirmed that reducing the protein content in the raw material 

before hydro-extraction is a good step, as proteins form a complex with beta-glucan, which reduces the solubility of  beta-

glucan and increases the difficulty of  purification. The results showed that the percentage of  carbohydrates in the whole grain 

reached 76.06%, which is close to that of  the endosperm flour, which reached 75%. This is consistent with what was 

mentioned by (4), who confirmed that non-starchy carbohydrates, such as beta-glucan, are concentrated in the cell walls of  the 

endosperm. For this reason, the endosperm is the main part for extracting soluble fibers with high purity. Therefore, the 

concentration of  beta-glucan increases towards the center of  the grain. This explains why the flour retains a high percentage 

of  carbohydrates. When comparing the percentage of  carbohydrates with the Ibaa 99 and Ibaa 265 varieties, the percentages 

were significantly lower than those of  the Amal variety, reaching 63.45 and 60.8, respectively, according to what was 

mentioned by (18). Regarding the ash content, a decrease was observed in the endosperm to 1.35% compared to 2.36% in the 

whole grain; this reduction reflects the efficiency of  the pearling and sieving processes. This is supported by (19) in a study on 

the quality of  local barley flour, indicating that lower ash content in the endosperm improves the functional properties of  the 

extracted beta-glucan. 

Characterization and Quantification of  Beta-Glucan in the Lyophilized Extract Using High-Performance Liquid 

Chromatography (HPLC) 

The analytical results indicated that the retention time of  the standard beta-glucan matched those of  the investigated beta-

glucan from both the bran and the endosperm. The retention time for the standard compound was 5.97 min, whereas it was 

5.94 min for the endosperm and 5.91 min for the bran. This confirms that the obtained extract is a fraction highly rich in 

beta-glucan, as illustrated in Figures (1), (2) and (3). 

Figure (1) HPLC plot of  a standard beta-glucan model 
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Figure (2) The HPLC plot of  the beta-glucan sample under study, extracted from the endosperm of  barley variety Amal, 

with an extraction rate of  65%. 

 

Figure (3) HPLC plot of  the beta-glucan sample under study extracted from bran 

 
The amount of  extract obtained from the endosperm was 2.5%, and from the bran it was 2%. This result is consistent with 

the findings of  (20) in their study of  27 barley varieties grown in Spain, where they found beta-glucans ranging from 2.4% to 

7.4% in fully extracted barley flour. HPLC purity testing revealed clear differences. The results showed clear variations; the 

endosperm extract not only exhibited a superior total extract yield but also achieved a high purity of  the active compound, 

reaching 81%. In contrast, the bran provided an extract yield comparable to that of  the endosperm, at approximately 2%; 

however, its beta-glucan concentration was lower, reaching 38.2%. 

Table (2) Functional characteristics and properties of  beta-glucan 

Model 

 

Relative viscosity 

(cP) 

 

Water Holding 

Capacity (WHC) 

 

Oil Holding 

Capacity (OHC) 

 

Molecular weight (KDa) 

Theoretical 

 

Practical 

Beta-glucan 

extracted from 

endosperm. 

1.321 703.04 661.73 312.25 174.35 

Beta-glucan 1.181 213.75 217.24 169.54 154.61 
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extracted from 

bran. 

L.S.D. 0.172 g.m-2 81.66  65.03  28.58  13.91  

(P<0.05) 

 

The results presented in the table above showed that the relative viscosity value of  the beta-glucan extracted from the 

endosperm was 1.321 cP, while it was 1.181 cP for the beta-glucan extracted from the bran. These values were comparable to 

those found by (21), who estimated the relative viscosity of  beta-glucan in barley bran (Ibaa-265) at a concentration of  0.1%, 

pH 7.0, and a temperature of  55 °C to be 1.247 cP. Some studies have indicated that the variation in the relative viscosity of  

beta-glucan is attributed to differences in the extraction source, isolation and extraction methods, and purity, as it depends 

primarily on concentration, molecular weight, and the extraction technique (22). Regarding the WHC, the results showed that 

the beta-glucan extracted from the endosperm exhibited a high capacity, reaching 703.04%. This value is higher than that 

reported by (5) for beta-glucan extracted from barley flour (Ibaa-99) at 55 °C and pH 7.0, which was 637%. "Meanwhile, the 

WHC of  the beta-glucan extracted from the bran was significantly lower than its endosperm counterpart, reaching 213.75%. 

This is attributed to the high purity of  the beta-glucan extract obtained from the endosperm. Moreover, (21) indicated that 

these compounds, due to their high content of  hydroxyl groups, possess a strong ability to form a network through hydrogen 

bonds, thereby binding and trapping water within it. Regarding the OHC, the results in the table demonstrated that the beta-

glucan extracted from the endosperm exceeded that extracted from the bran. The capacity was 661.73% for the endosperm 

extract, whereas it reached 217.24% for the bran extract. (23) demonstrated that beta-glucan extracted from barley bran can 

bind nine times its weight in water and 1.4 times its weight in fat. This makes it highly effective in food manufacturing, where 

it is used as an emulsifier in dairy products such as processed cheese and ice cream due to its high fat-water holding capacity. 

Furthermore, the molecular weight of  beta-glucan extracted from the endosperm was higher than that extracted from bran 

.when comparing the values of  the molecular weight of  beta-glucan under study with the results of  previous studies, it was 

higher than that found by Al-Laithi and Al Tai (2012 ), which reached 92×10³ Dalltons when they estimated the molecular 

weight of  beta-glucan extracted from barly bran using the HPSEC (High Performance size Exclusion Chromotography ) 

 
Figure (4) b:Electrophoresis of  the beta-glucan model 

extracted from barley bran 

Figure (4) a: Electrophoresis of   the beta-Glucan model 

extracted from barley endosperm 
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CONCLUSIONS 

The study indicated the extraction of  β-glucan from the endosperm and bran of  the local barley cultivar "Amal". The 

endosperm showed a slight superiority in its β-glucan compared to the β-glucan in the bran. Despite the proximity of  these 

percentages, the study proved a clear difference in the functional properties between them; it was observed that the viscosity, 

water-holding capacity, oil-holding capacity, purity level, and molecular weight of  the β-glucan extracted from the endosperm 

were superior to those of  its counterpart extracted from the bran. Furthermore, the β-glucan extracted from endosperm was 

observed to be very white in color, unlike the bran extract, which had a brownish color. 
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