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Abstract 

β-glucans are unavailable carbohydrates and a dietary fiber that cannot be readily metabolized 

by our own bodies’ enzymes in the gastrointestinal tract. They are instead metabolized by our 

microbiota in the large intestine, were they have multiple health benefits. They help with 

keeping the microbiota in balance and regulating our immune system. They have also been 

shown to have cholesterol lowering effects. β-glucans are found in cereals like barley, oat, 

rye, and wheat but they can also come from other sources like bacterial cell walls and fungi. 

However, depending on their origin, they have different structures and properties. β-glucans 

from cereals are linear polymers of β-(1→4)-D-glycopyranosyl units separated by single units 

of β-(1→3)-D-glycopyranosyl in a mixed linkage. The concentration of β-glucan is highly 

varied between cereal type as well as cultivar of the same cereal. 

The aim of this study was to investigate if there is a difference in β-glucan content between 

commercial bread baked using traditional versus modern cereal cultivars. β-glucan was 

determined using the Megazyme assay kit, a method approved by the American association of 

cereal chemists (AACC) International. The method uses a highly specific enzymatic 

breakdown of β-glucan into D-glucose that can then be determined colorimetrically. The 

results for β-glucan showed high variation between different types of cereals and bread tested, 

were grains like barley and rye had higher β-glucan content compared to oat and wheat, 

showing clear health benefits to eating grains like barley and rye, over grains like wheat. The 

β-glucan content for cereals ranged from 0.30 – 3.66% of dry weight, whereas the different 

bread had β-glucan ranging from 0.31 – 1.14% of dry weight. There was no significant 

difference between modern versus traditional cultivars and therefore neither had any greater 

health benefits from a β-glucan content perspective. The daily consumption of β-glucan 

needed to show cholesterol lowering effects is 3g, which in this study mean that about 7.5 

bread slices (about 300 g) of the highest β-glucan containing bread is needed to be eaten daily 

to achieve the daily intake goal.    

Keywords: β-glucan, dietary fibers, cereals, rye, wheat, Swedish cultivars.  
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1. Introduction 

1.1 Carbohydrates and dietary fibers 

When it comes to bioavailability, carbohydrates can be divided into two different categories, 

available and unavailable carbohydrates (Cui 2005). The available carbohydrates can readily 

be metabolized by our own bodies’ enzymes. Theses carbohydrates can be both mono- and 

polysaccharides, for example sugars like fructose, sucrose, and glucose. Unavailable 

carbohydrates cannot be metabolized directly and are therefore broken down by our 

microbiota in the gastrointestinal (GI) tract. These carbohydrates are mostly polysaccharides 

from plant cell walls like cellulose, pectins and β-glucans. These polysaccharides usually have 

a high degree of polymerization that can vary from a few hundred to a hundred thousand 

linked monomers. The unavailable carbohydrates are perhaps also better known as dietary 

fibers (Trogh et.al 2004). Their definition, as cited from the AACC (American Association of 

Cereal Chemists), is: “The edible parts of plants or analogous carbohydrates that are resistant 

to digestion and absorption in the human small intestine with complete or partial fermentation 

in the large intestine.” 

Eating dietary fibers have been shown to have many health benefits (Cho and Finocchiaro 

2009). For example, they can increase the intestinal flora in both diversity and size of 

population, provide resistance to invading microorganisms, change the mucosal structure, and 

reduce serum cholesterol. However, Western countries have an insufficient intake of these 

dietary fibers. The recommended daily intake is about 30 to 35 g/day. In the United States the 

estimated daily intake to about half of the recommended (Cho and Finocchiaro 2009). When 

these fibers enter the gut, bacteria metabolize them into metabolites like short-chain fatty 

acids (SCFAs) (Makki et.al 2018). SCFAs are important in regulating host metabolism and 

immune system. The mucosal layer in the gut serves as a protection against invading 

pathogens and in order to keep a healthy mucosa, the gut microbiota needs to be stable and 

the SCFAs stimulates the much-needed mucus production to keep it in balance. SCFAs also 

help with the development of the immune system, for example it promotes generation of 

important T cells.  

1.2 β-glucan properties, and health effects 

β-glucans are non-starch polysaccharides and an important dietary fiber (Trogh et.al 2004). 

They occur naturally in plant cell walls from cereals like oat, barley, wheat and rye 

(Akramiené et.al 2007, Volman, Ramakers, and Plat 2008). They can also come from other 

types of origins like the bacterial cell walls in fungi and yeast (Chan, Chan, and Sze 2009) 

(Volman, Ramakers, and Plat 2008). The structure and conformation of β-glucans are highly 

dependent on their origin, and this also give them different characteristics and properties. β-

glucans from cereals are linear and consist of a polymer of β-(1→4)-D-glycopyranosyl units 

separated by single units of β-(1→3)-D-glycopyranosyl in a mixed linkage (hereafter only 

referred to as β-glucan) (see Figure 1 for structure). Different cereals also contain different 

amounts of β-glucan, with a mean value ranging from about 4.8 g/kg for wheat to 42 g/kg for 

barley according to a study by Havrlentová and Kraic (2006). Not only is there a big range 

difference between types of cereal, there is also a big range between different genotypes and 

cultivars of the same type of cereal (Căpriţă and Căpriţă 2011). Oat and barley generally 

contain higher amounts of β-glucan compared to wheat and rye. A list of compiled studies 

results is summarized in Table 1. The amount and characteristics of β-glucan can also change 

during different kinds of food processing (Regand et.al 2009, Andersson et.al 2009, 
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Kerckhoffs et.al 2003). Bread making can lead to depolymerization of the β-glucans, leading 

to lower molecular weight (MW) molecules. Bread making could also lead to a decrease in 

water solubility (Trogh et.al 2004).       

 

Figure 1. Molecular structure of mixed linkage (1→3) (1→4)-β-D-glucan (Cui 2005). 

Table 1. Reported amounts of β-glucan in different cereals and bread reported as % 

w/w of dry weight (dw). 

Product Mean β-glucan 

content  

(% w/w dw) 

Range β-glucan 

content 

(% w/w dw) 

Number 

of 

samples 

Reference 

Scandinavian Barley 4.4  3.0-5.6  51 Åman and 

Graham (1987) 

Montana Barley 5.2  4.0-6.9  13 Åman and 

Graham (1987) 

Oats 3.2  2.2-4.2  121 Åman and 

Graham (1987) 

Spring barley 4.16  1.86-5.37  111 Harlentová and 

Kraic (2006) 

Oat 3.49  1.73-5.70  79 Harlentová and 

Kraic (2006) 

Wheat 0.48  0.19-0.67  14 Harlentová and 

Kraic (2006) 

Wheat flour bread 0.25 - - Trogh et.al 

(2004) 

Composite flour (60% 

wheat, 40% barley) 

bread  

1.14 - - Trogh et.al 

(2004) 

Rye flour 1.5 - - Andersson 

et.al (2009) 

Rye 2.03 1.8-2.5 6 Ragaee et.al 

(2001) 
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β-glucans can have different solubilities and molecular weights, properties that will affect the 

human microbiota in different ways (Trogh et.al 2004). It has previously been mentioned that 

dietary fibers can have lowering effect of serum cholesterol, and β-glucan is one of these 

dietary fibers that can have this effect (Regand et.al 2009, Cui 2005). This effect is due to, 

among other things, the ability of β-glucans to increase the viscosity in the digestive tract, 

which leads to a decrease of the glycemic response, which will in turn result in a lower serum 

cholesterol. The β-glucans needs to be both water soluble and of high molecular weight to be 

able to have this effect. The β-glucans are normally partially water soluble, due to its mixed 

linkage structure (Cui 2005, Andersson et.al 2009). The (1→4)-linkage gives a highly 

symmetrical structure that are not as soluble as the (1→3)-linkage. More (1→3)-linkages in 

the molecule therefore increase the solubility. The solubility also generally increases with 

temperature (Knuckles, Yokoyama, and Chiu 1997).  

The solubility can also be changed as mentioned earlier by baking. Trogh et.al hypothesized 

that during bread making β-glucans are partly degraded and then associate with each other or 

other compounds to form other aggregates that are unextractable by water. They also noted 

that the MW decreased during bread making. This leads to a lower ability for β-glucans to 

have a decreasing effect on cholesterol. β-glucans can also lower cholesterol by affecting its 

synthesis through the metabolites produced from the microbiota (the SCFAs) as well as 

enhance bile acid synthesis (bile acids are produced from cholesterol) (Wang et.al 2017). The 

U.S. food and drug administration (FDA) concluded that ≥3 g of β-glucan should be 

consumed daily to show a decrease in cholesterol levels (Kerckhoffs et.al 2003).    

The MW of the β-glucans are also important for the microbiota (Holscher 2017). This is due 

to the fact that short/less complex carbohydrates can be degraded by the natural human 

enzymes whereas, the more complex and higher MW carbohydrates needs to be broken down 

and fermented by bacteria in the microbiota (Wang et.al 2017). For the microbiota to produce 

important metabolites they need carbohydrates that are intact when they reach the colon (the 

part of the GI tract where the microbiota is most active). It has also been shown that high MW 

β-glucans might be taken up by Microfold (M) cells (Volman, Ramakers, and Plat 2008). M-

cells are specialized epithelial cells that, through their transport of macromolecules in the so-

called Peyer’s patches (tissue highly important for the mucosal immune system), supports an 

enhanced resistance to infection. This process is mediated by cytokine production. It has also 

been suggested that macrophages are able to pick up β-glucans and transport them to the 

lymph nodes, spleen and bone marrow. Within the bone marrow, the β-glucans are degraded 

and taken up by granulocytes, which then have been shown to kill certain tumor cells (Hong 

et.al 2004).   

2. Aim 

The amount of β-glucan can be extremely varied among cereal type and cultivars, it can 

therefore be difficult to evaluate what is a typical β-glucan content for one specific type of 

grain. Mapping out different cultivars content from many different sources could therefore 

help with further research into the field. Trying to understand why there is a difference 

between cultivars could potentially help with understanding were high amounts of β-glucan 

can be found with a higher certainty. 

It is clear that β-glucans have a positive effect on our health, and the question is how we are 

going to get these glucans into our system. Since it has already been stated that cereals contain 
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β-glucans, the aim of this study is therefore to compare and determine concentrations of β-

glucans in different types of cereal flour and commercial bread. A comparison of β-glucans 

before and after bread making will also be explored. Additionally, characteristics like 

molecular weight will be explored to see if the process of bread making can change the β-

glucan concentrations. The following questions will be answered: 

- What is the concentration of β-glucans in different kinds of bread and cereals? 

- Does the breadmaking disrupt/change the β-glucan concentration? 

- Is there a difference in β-glucan concentrations between traditional versus modern 

cereal genotypes/ cultivars? 

3. Method 

3.1 Principle 

The β-glucan concentrations were determined using a Megazyme β-Glucan (Mix Linkage) 

assay kit (Megazyme, Bray, Ireland) (hereafter only referred to as Megazyme kit) according 

to the approved AACC method 32-23 (with the change that instead of using glass centrifuge 

tubes, Falcon™ polypropylene tubes was used instead). The Megazyme kit contained 

solutions of lichenase, β-Glucosidase, GOPOD reagent buffer, GOPOD reagent enzymes, D-

Glucose standard solution, and standardized barley and oat flour controls with known 

amounts of β-glucan. The preparation of reagent suspensions was all prepared according to 

the Megazyme kit booklet instructions.  

There are multiple methods that can be used with the Megazyme kit, they do however, all 

follow the same principle. The method is based on the principle that β-glucans are hydrolyzed 

and broken down by β-glucosidase and lichenase into D-glucose that are then measured 

colorimetrical with a spectrophotometer (Shimadzu UV-1800) using a glucose oxidase/ 

peroxidase reagent that gives a color that can be measured at 510 nm (see Figure 2). One 

method uses a pre-extraction step for the samples with aqueous ethanol to remove free sugars 

and small oligosaccharides that could be present in the sample (hereafter called method B), 

while another does not (hereafter just called method A).  

 

Figure 2. AACC 32-23 method principle scheme for detection of mixed linkage β-glucan. Adapted from the vendors website. 

A schematic of method A can be seen in figure 3. The sample procedure was as follows. 

Sample were weighted (~ 50 mg) and added to polypropylene tubes. To the sample, 0.1 mL 

                        (lichenase) 

(1) β-Glucan + H
2
O → β-gluco-oligosaccharides 

 

                                                (β-glucosidase) 

(2) β-Gluco-oligosaccharides + H
2
O → D-glucose 

 

                               (glucose oxidase) 

(3) D-Glucose + H
2
O + O

2
 → D-gluconate + H

2
O

2
 

 

                                                                               (peroxidase) 

(4) 2H
2
O

2
 + p-hydroxybenzoic acid + 4-aminoantipyrine →  

                                                                       quinoneimine + 4H
2
O 



7 
 

aqueous ethanol (50% v/v) and 2 mL sodium phosphate buffer (20 mM, pH 6.5) were added. 

Contents were mixed on a vortex mixer and placed in boiling water bath for 60 sec. Contents 

were stirred again and further incubated for 2 min following with further vortex stirring. 

Contents were then incubated in 50℃ for 5 min. 0.1 mL lichenase was added following with 

stirring and incubation in 50℃ for 1 hour with regular intervals of stirring every 15 minutes. 

2.5 mL of sodium acetate buffer (200 mM, pH 4.0) was added following with stirring. 

Samples were then centrifuged at 2,000 g for 10 min. 0.05 mL aliquots were transferred to 

three test tubes. 0.05 mL β-glucosidase was added to two of these tubes, and 0.05 mL sodium 

acetate buffer (50 mM, pH 4.0) was added to the third (as a sample blank). All tubes were 

incubated at 50℃ for 10 min. 1.5 mL GOPOD reagent was added to each tube and incubated 

in 50℃ for 20 min followed with measurement of samples at 510 nm with spectrophotometer.  

Reagent blanks compromised of 0.05 mL MΩ water, 0.05 mL sodium acetate buffer (50 mM, 

pH 4.0) and 1.5 mL GOPOD reagent. Glucose standards compromised of 0.05 mL D-glucose 

standard, 0.05 mL sodium acetate buffer (50 mM, pH 4.0) and 1.5 mL GOPOD reagent. 

 

Figure 3. Schematic process of method A 

For method B the first steps are different compared to method A. After sample have been 

added, 2.5 mL of aqueous ethanol (50% v/v) were added and samples were incubated in a 

boiling water bath for 5 min. Contents were stirred on vortex and a further 2.5 mL of ethanol 

were added. Tubes were centrifuged at 2,000 g for 10 min and supernatant was discarded. 

Process was repeated one more time. 2.0 mL sodium phosphate buffer (20 mM, pH 6.5) was 

added and samples was incubated at 50℃ for 5 min. Lichenase was added and samples 

incubated for 1 hour in same way as method A. 1.0 mL sodium acetate buffer (200 mM, pH 

4.0) was added and contents were stirred on vortex mixer. The same process as in method A 

was then followed after centrifugation.  

The pre-extraction with aqueous ethanol is vital to the analysis when comparing β-glucan 

concentration before and after baking since some of the β-glucans can potentially be broken 

down while baking. This extraction is therefore intended to separate compounds that is 

considered digestible (small oligosaccharides and free glucose) and leave those compounds 

that are considered dietary fibers (Cui 2005). 

 

 

• Sample

•EtOH (50% v/v)

• Sodium phosphate 
buffer (20 mM, pH 6.5)

Vortex and incubation 
100℃/ 50℃

• Lichenase

Vortex and incubation 
50℃ • Sodium acetate buffer 

(200 mM, pH 4-0)

Vortex and centrifuge

•Three aliquots 

•B-glucosidase

•B-glucosidase

•Acetate buffer

Incubate 50℃
•GOPOD reagent

Incubate 50℃ and 
measurement
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3.2 Method validation 

A validation of the method was made as a first step with two control flour samples (oat and 

barley) containing a known amount of β-glucan, as well as a known moisture percentage. The 

oat control standard contains 7.5% β-glucan with a moisture of 6.3%, while the barley control 

standard contains 4.1% β-glucan with a moisture of 10.4%. The samples were analysed 

following the current Megazyme Kit protocol without the ethanol extraction step (method A) 

and with the ethanol extraction (method B).  

3.3 Determination of β-glucan in bread samples and cereals 

Ten bread samples were analysed from two different batches that were collected at separate 

periods of time with a one-year time difference (total of 20 samples), where each batch 

contained the five most popular commercial bread samples from a local grocery store 

(hereafter called commercial samples), and five bread samples from a local bakery (hereafter 

called local samples). The bread samples from the local bakery are named L1-L5, while the 

commercial bread samples are named K1-K5. Each batch are also represented by either the 

number 1 or 2 after the colon in the sample name. The commercial breads are based on 

modern cereal cultivars whereas the bread from the local bakery are based on traditional 

cultivars. All breads are listed in appendix C were the bread contents can be seen. With each 

set of determinations (five samples at a time); a control sample of oat, four glucose standards, 

and two reagent blanks were run as well. All bread samples were freeze dried prior to analysis 

and therefore were assumed to have moisture percentage of 0% when analysed (bread can 

potentially take humidity from the air). All samples were also grinded and passed through 1 

mm sieve. All samples were analysed with method A for a total β-glucan content. Results can 

be seen in results section 4.2.  

Additionally, ten different flour samples of various types of locally grown cereal (traditional 

cultivars) and four commercially available flours (modern cultivars) of various types of cereal 

were analysed using method A in the same way as the bread samples. The traditional cultivar 

cereal samples are named M1-M10, while the modern cereal cultivars are named M11-M14. 

Control samples of oat, glucose standards and reagent blanks were run in the same way as 

well. Results can be seen in section 4.3. 

3.4 Determination of β-glucan in bread samples before and after baking 

Two breads and their respective doughs were analysed using both method A and B. The first 

bread was based on rye (Svedjeråg and a small bit of Råg fin) and the second bread was based 

on oat (Nakenhavre). The oat bread did not contain any lactic acid bacteria, and therefore did 

not have the same kind of rise as bread has and was more like a crisp. The rye bread however 

did contain yeast and lactic acid bacteria. A control oat sample, glucose standards and reagent 

blanks were analysed as well together with the samples. All samples were freeze dried and 

grinded to pass through a 1 mm sieve prior to analysis. All results can be seen in section 4.4 
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4. Results 

The β-glucan content for all samples were determined using the following equations for β-

glucan as is, as well as corrected towards dry weight: 

Where: 

ΔA = Absorbance after β-glucosidase treatment minus reaction blank absorbance 

F = Factor for the conversion of absorbance values to µg of glucose = 
µg of D-glucose

absorbance of µg of D-glucose
  

FV = Final volume of sample in mL 

V = Volume of sample being analyzed in mL 

W = The weight of sample analyzed in mg 

D = Dilution factor  

4.1 Method validation 

Control samples containing barley flour and oat flour with determined β-glucan content were 

used to validate the method protocol. The result for the method validation can be seen in 

Table 2, while the raw data are presented in the Appendix A. Throughout the rest of the 

experiment, for each set of five bread/ flour samples run, a oat control sample was run 

alongside (in total nine controls). The relative standard deviation of the control samples for 

these was all <10 %. The standard error for the assay was therefore assumed to be within 

±10%. Raw data for oat control samples can be seen in appendix B and appendix D alongside 

other samples. 

Table 2. Recovery for control samples of oat and barley for method A and B. 

Sample β-glucan (% w/w) 

“as is” 

β-glucan (% w/w) 

“dry wt” 

Deviation from 

control (%) 

Oat control method A 6.93 7.39 1.43 

Barley control method A 2.68 3.01 26.6 

Oat control method B 6.31 6.74 10.2 

Barley control method B 3.62 4.06 0.92 

 

 

 

 

 

𝛽 − 𝑔𝑙𝑢𝑐𝑎𝑛 (% 𝑤
𝑤⁄ )(as is) =  ∆𝐴 × 𝐹 ×

𝐹𝑉

𝑉
 ×

1

1000
 ×

100

𝑊
 ×

162

180
 × 𝐷   

𝛽 − 𝑔𝑙𝑢𝑐𝑎𝑛( % 𝑤
𝑤⁄ )(𝑑𝑟𝑦 𝑤𝑡. ) =  𝛽 − 𝑔𝑙𝑢𝑐𝑎𝑛 % 𝑤

𝑤⁄ (𝑎𝑠 𝑖𝑠) ×
100

100 − 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (% 𝑤
𝑤⁄ )
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4.2 Determination of β-glucan in bread samples 

The β-glucan content from the ten different bread samples from two different batches are 

listed in Table 3, and a visual representation can be seen in Figure 4. The β-glucan content for 

the bread samples from the local bakery ranged between 0.37-1.03% with a mean value of 

0.68%, while the commercial bread samples ranged between 0.31-1.14% with a mean value of 

0.60%. A t-test was performed to see if there was any significant difference between the local 

and commercial bread samples. The test gave p > 0.05, which indicates no significant 

difference. A paired t-test was also made to see if there was any significant difference 

between the two batches. For the local bread samples this gave a p < 0.05, which indicate a 

significant difference. The commercial bread samples gave a p > 0.05, which indicates no 

significant difference between the two batches. The four oat control samples run alongside the 

bread samples showed a relative standard deviation of 4.9 % indicating good reproducibility 

for the control samples. The control samples also had deviations of a maximum of ±10% from 

its true value. Because of this, other samples were assumed to be within the same standard 

error. 

Raw data for the calculations can be seen in Appendix B, while contents of the different kinds 

of bread can be seen in Appendix C. 

Table 3. β-glucan content in bread samples from two set of batches. 

Name of bread Sample name β-glucan (% w/w) “dw” 

Algot L1:1 0.37 

Dalavete L2:1 0.54 

Aros L3:1 0.62 

Närkeråg L4:1 0.75 

Nakenhavre L5:1 0.85 

Varsågod Skogaholm K1:1 0.75 

Vetekaka Polarbröd K2:1 0.47 

Roast n toast Pågen K3:1 0.35 

Lantbröd havssalt Skogaholm K4:1 1.14 

Jubileumskaka Polarbröd K5:1 0.40 

Algot L1:2 0.37 

Dalavete L2:2 0.67 

Aros L3:2 0.66 

Närkeråg L4:2 0.87 

Nakenhavre L5:2 1.03 

Varsågod Skogaholm K1:2 0.88 

Vetekaka Polarbröd K2:2 0.40 

Roast n toast Pågen K3:2 0.31 

Lantbröd havssalt Skogaholm K4:2 0.87 

Jubileumskaka Polarbröd K5:2 0.39 
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Figure 4. β-glucan content in local and commercial bread samples from batch 1 and 2. 

4.3 Determination of β-glucan in cereal flour samples 

The β-glucan content from the fourteen different cereal flour samples are listed in Table 4, 

and a visual representation can be seen in Figure 5. The β-glucan content for the cereals 

ranged between 0.30-3.66%. With the highest β-glucan content being for Naket korn (barley) 

at 3.66 % while the lowest were for Vetemjöl Garant (wheat) at 0.30%. When looking at the 

different types of cereals, the barley had highest β-glucan content (Naket korn), various rye 

had slightly lower content (Svedjeråg at 2.04%, Råg Fin at 1.30%, and Kungsörnen Rågmjöl 

at 1.47%). Oat and whole grain had slightly lower content than rye (Nakenhavre, Aros 

fullkorn, and Ölandsvete fullkorn), and the wheat cereals had the lowest content (Enkorns 

vete, Algot vete, Emmer, Vetemjöl Garant, Grahamsmjöl Kungsörnen, and vetemjöl 

kungsörnen). Amongst the wheat cereal the whole grain also had slightly higher content than 

the others.  

The oat control samples run alongside the cereal determinations showed deviations of a 

maximum of ±10% from its true value with a relative standard deviation of 4.6%. Other 

samples were assumed to be within the same standard error. Raw data for the calculations can 

be seen in appendix D. 

Table 4. β-glucan content in cereal flour samples 

Name of cereal Type of cereal Sample 

name 

β-glucan (% w/w) “dw” 

Emmer Wheat M1 0.38 

Svedjeråg  Rye M2 2.04 

0.000
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0.400

0.600

0.800

1.000

1.200

%
 w
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w
 

β-glucan content (% w/w dw) in bread
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Råg fin  Rye M3 1.30 

Ölandsvete 

Wheat Whole 

grain M4 0.77 

Nakenhavre Oat M5 1.12 

Aros 

Wheat Whole 

grain 

M6 

0.96 

Enkorns vete Wheat M7 0.43 

Naket korn Barley M8 3.66 

Gråärta Pea1 M9 0.35 

Algot siktat vete Wheat M10 0.41 

Rågmjöl Kungsörnen 

grovmald 

Rye M11 

1.47 

Vetemjöl Garant (kärn) Wheat M12 0.30 

Grahamsmjöl Kungsörnen 

Wheat Whole 

grain 

M13 

0.54 

Vetemjöl Kungsörnen 

Wheat Whole 

grain 

M14 

0.53 
1Pea is not a type of cereal but was included in the experiment since it can be added as an ingredient in 

bread making. 

 

Figure 5. β-glucan content in locally grown cereal samples and commercially available cereal. 
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4.4 Determination of β-glucan in bread before and after baking 

All β-glucan concentrations for the dough/ bread samples can be seen in Table 5 and a visual 

representation can be seen in Figure 6. The β-glucan content became higher after baking for 

all samples except for the rye using method A, were the β-glucan content was similar to 

before baking with a slight decrease of 3.24%. This small decrease is however within the 

methods own accuracy limits that are ±10%. This indicated that there was no difference 

between rye dough and bread using method A. Between the two methods, the β-glucan 

content were higher for method A compared to method B. The oat samples also had a bigger 

change in β-glucan content between dough and bread for both methods compared to the rye 

samples. The amount of β-glucan for the oat samples ranged from 0.66 – 1.66 %, and the 

amount of β-glucan for the rye samples ranged from 0.98 – 1.87%.  

All raw data for the calculations can be seen in appendix D.  

Table 5. β-glucan content in dough/ bread samples 

Sample Method β-glucan (% w/w) 

“dw” 

% β-glucan 

difference from 

dough to bread 

Svedjeråg (Rye) dough A 1.87 -3.24 

 Svedjeråg (Rye) bread A 1.81 

Nakenhavre (Oat) dough A 1.36 18.00 

Nakenhavre (Oat) bread A 1.66 

Svedjeråg (Rye) dough B 0.98 12.30 

 Svedjeråg (Rye) bread B 1.11 

Nakenhavre (Oat) dough B 0.66 39.69 

 Nakenhavre (Oat) bread B 1.10 

 

  

Figure 6. β-glucan content in dough/ bread before and after baking analysed by method A and B. 
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5. Discussion 

It should firstly be noted that the method validation made as a first step showed a big 

deviation for some controls, however the rest of the control samples run alongside the actual 

samples (nine in total) never had a deviation over ±10%. The Megazyme kit has an accuracy 

of ±3%, however in this study because of the results from the control samples the accuracy 

was set at ±10% instead, since the ±3% could not be reached for all control samples. Since all 

controls was within this standard deviation all samples were assumed to be as well. This gives 

the entire method a lower accuracy than what the Megazyme kit is supposed to have and 

because of this there could be a slight increase in the variation of the results in this study. The 

method showed a good reproducibility for the oat control samples were their relative standard 

deviation was 5%.  

5.1 Bread samples 

From the results no significant difference in β-glucan content was seen between the 

commercial bread batches while there was a significant difference in β-glucan content for the 

local bread samples. Batch 2 for the local samples all had higher content than that for batch 1. 

This could be speculated to be due to multiple reasons. Firstly all the local bread was baked 

by hand and small changes in recipes over a period of time can occur which could lead to a 

change of β-glucan content. More likely, β-glucan content could also differ depending on 

what cereal harvest were used. There could be seasonal differences between a spring harvest 

or a fall harvest making the β-glucan content to be higher of the same magnitude for all 

samples from the same batch even though they used the same cultivar of cereal (Căpriţă and 

Căpriţă 2011). The reason that this difference cannot be seen for the commercial breads are 

more difficult to answer. However, when looking at the individual samples, small differences 

in β-glucan content can be seen between the two batches. Small differences in cereal harvests 

could therefore be a potential explanation for these values as well. Since there was a one-year 

time difference between the sampling for the two batches, it is possible that the cereal used for 

baking came from different harvests. Producers of cereal for the commercial breads could also 

potentially been changed between sampling, which could also be an explanation to the 

difference between batches. 

There was also no significant difference in β-glucan content between the local and 

commercial samples based on their respective averages. The commercial samples had a 

slightly larger range and a lower mean value of 0.60% compared to the local samples mean 

value of 0.68%. This does however show that there is no particular benefit to buying bread 

from local bakeries made from traditional cultivars compared to normal grocery stores that 

sell bread made from modern cultivars, in terms of is getting a higher β-glucan content in the 

bread. It could be argued that the cereals for the bread making is significantly more important.   

When looking at what type of bread that had the highest content irrespective of if they were 

local or commercial, the three with the highest β-glucan content were breads based on rye or 

oat, whereas the three lowest β-glucan content breads were all based on wheat. This correlates 

well with previously reported findings, that cereals like rye and oat generally have higher β-

glucan content than wheat (Căpriţă and Căpriţă 2011). This also shows that eating bread made 

from rye or oat compared to wheat will more likely have a higher β-glucan content and be 

better to eat from a health perspective when only looking at β-glucan. 
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From a health perspective, the daily recommended intake of β-glucan is around 3 g. This 

would mean that to achieve the daily intake by eating the bread with the highest β-glucan 

content from this report (Lantbröd havssalt Skogaholm), around 300 g of bread would be 

needed to be eaten daily. Considering that a typical bread slice weigh about 40 g, this means 

that about 7.5 bread slices would be needed to be eaten daily. This is however not an optimal 

solution and that someone would eat that much bread every day is highly unlikely. It is 

therefore not surprising that breads and other foods are now being developed that have been 

enriched with β-glucan to make the daily intake goal more achievable (Ahmad et.al 2012). β-

glucan can also come from other sources like mushrooms, and by incorporating a more varied 

food consumption the daily intake goal could potentially be reached through other means as 

well. 

5.2 Flour samples 

When it comes to the flour cereal samples a clear distinction can be seen between the different 

types of cereal. Barley clearly had the highest β-glucan content followed by rye, oat, whole 

grain, and wheat. This trend correlates well with previous studies (Åman and Graham 1987, 

Harlentová and Kraic 2006, Trogh et.al 2004, Andersson et.al 2009, Ragaee et.al 2001) were 

barley clearly have the highest β-glucan content. However, in this study the oat had lower 

content than rye just above 1%. This is quite low compared to other studies were oat have had 

β-glucan content ranging from 1.7-5.7%. The range for oats is quite high between genotypes 

in previous studies but even so the results are all still significantly higher than what was found 

in this study. The β-glucan content in the barley sample was within range compared to 

previous studies, which also in themselves showed a wide range. There is not a lot of 

information on rye from previous studies. Andersson et.al (2009) reported β-glucan content of 

1.5 % and Ragaee et.al (2001) reported β-glucan content of 2.03 %), which were similar to 

what was reported in this study.  

Lastly, the wheat samples did also compare well to previous studies. It should be noted 

however that whole grain wheat had higher β-glucan content compared to non-whole grain. 

This is due to the fact that the shells (bran) of the cereal grains might contain higher amounts 

of β-glucan compared to other parts of the grain. If this part is removed in the flour making 

process, then the β-glucan in the bran will also be removed, thus reducing β-glucan content in 

the flour. One study (Zheng and Wang 2011) have found that the bran from barley cereal 

contains significantly more β-glucan than the rest of the grain. Another study made on oats 

(Wikström 1994), showed that the bran fraction of the flour had higher viscosity compared to 

other parts of the grain. This suggest that the oat bran contain more β-glucan compared to 

other grain parts. These two studies show the importance of considering using whole grain 

instead of non-whole grain in baking. It also points out an important step in the method of 

analysis. Since the bran might contain a different amount of β-glucan, it is important that the 

samples are thoroughly grinded before being sieved. If the samples are not properly grinded, 

small bits of the cereal like the hull might get stuck in the sieve and never become a part of 

the actual sample being analyzed.   

Comparison of samples containing rye from local sources to commercial sources showed no 

difference in β-glucan content, suggesting that there is no particular benefit to baking bread 

on traditional cultivars compared to modern. The wheat samples from local sources did 
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however have slightly higher content, both for whole grain, and non-whole grain. This might 

suggest a minor benefit to using traditional wheat cultivars compared to modern when baking.  

As discussed earlier, it might be more important to look at the different types of cereals and 

their β-glucan content when deciding what one should use to bake with, compared to focusing 

on using modern versus traditional cultivars. So, from a health perspective, choosing to bake 

on barley and rye seem more beneficial than using wheat irrespective of cultivar. Wheat, 

however, is arguably the most common cereal to use for baking (Bushuk 2001), and if 

someone choose to use it, whole grain is more beneficial. Most bread are also baked on a mix 

of several types of cereals, for instance, bread based on barley, often also include other cereals 

like rye and wheat. This makes it more difficult to evaluate what is most beneficial in the end. 

It should also be noted that the taste of bread is important if someone is going to consume it 

regularly, and having a mix of cereals are perhaps a more feasible option in reality for sensory 

purpose. However, choosing bread made on primarily barley and rye will decidedly give 

higher β-glucan content in the end compared to wheat.    

5.3 β-glucan before and after baking 

The results for the β-glucan content before and after baking did not produced expected results. 

Previously published studies have reported either a decrease in β-glucan after baking or no 

difference at all (Regand et.al 2009, Andersson et.al 2009, Kerckhoffs et.al 2003, Trogh et.al 

2004). This contradicts results obtained in the current study were there was a seemingly 

increase in β-glucan content. The reason for this disagreement is complex, and the difference 

in results between the two methods could potentially help with the answer. The point of the 

pre-extraction with ethanol in method B is to remove free sugars or small oligosaccharides 

present in the sample. The idea is to separate sugars that does not come from the β-glucan and 

other small carbohydrates that are digestible in the human intestine from the dietary fibers 

(potentially β-glucan). Since the values for β-glucan was lower in method B compared to 

method A, it is clear that some glucose was removed in the ethanol extraction. However, there 

should not be a difference in the end result of β-glucan content between the methods (at least 

not for the dough samples). In method B we pre-extracted free glucose that would otherwise 

in method A be detected in the sample blank. The sample blank would then be accounted for 

and the end result should be the same. This is not the case for these results, showing that 

maybe more than what was intended was removed by the ethanol extraction in method B. If 

this is the case, it could potentially explain the difference between the methods. It does, 

however, not explain how the β-glucan content seems to increase after baking. 

If the dough preparation or baking disrupt the β-glucan and breaking them down to free 

glucose or small oligosaccharides, these would be removed by the ethanol extraction (if the 

oligosaccharides are small enough) and this would also explain the lower results from method 

B. However, in method A as previously stated the free glucose would be accounted for in the 

sample blank, but not the oligosaccharides, which would be detected as if they were β-glucan. 

This is because the enzymatic process that the method uses to break down the β-glucans 

occurs in two steps. First, they were broken down to oligosaccharides and then in a separate 

step broken down to free glucose that are then measured. The second breakdown of 

oligosaccharides to glucose only occurs in the actual sample and not the sample blank. This 

would therefore mean that β-glucan only partially broken down during the baking process 
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would still be detected as β-glucan. This could therefore give a false positive, were the 

estimated β-glucan is higher than what it should be.  

It should also be noted that the rye bread contained lactic acid bacteria that the oat bread did 

not contain. This could affect the breakdown of β-glucan in the dough preparation, since lactic 

acid bacteria uses sugars to produce lactic acid.  

However, it should be pointed out that it is difficult to determine at which MW β-glucan turns 

from being an undigestible carbohydrate to be a small enough oligosaccharide that it can be 

digested by our bodies own enzymes. To have a cholesterol lowering effect β-glucan needs to 

be of high MW. How high the MW needs to be however, is not entirely known. It is only 

known that a lower MW leads to a lower ability to have a lowering effect on cholesterol 

(Regand et.al 2009, Kerckhoffs et.al 2003, Trogh et.al 2004). Therefore, to conclude, the 

difference between the methods is potentially a sum of multiple factors that leads to higher 

values for method A. 

The seemingly increase in β-glucan after baking might be explained through multiple factors. 

If the results from method B are taken out of the discussion. This because more β-glucan was 

removed by the ethanol extraction than intended, and only the results from method A are 

considered, this seemingly increase can perhaps be explained. There is no significant 

difference between the rye dough and bread since the measured difference is within the 

standard error of the assay. For the oat bread there seems to be a significant increase of 18%. 

However, when looking at the raw data for the bread sample, the sample blank for this 

specific sample gave a negative value, which could indicate problems in the execution of the 

method in this case. If that sample blank would have had values equal to all the other blank 

samples, there would no longer be a significant increase in β-glucan after baking. Instead the 

difference between the dough and bread would be within the standard error of the assay. This 

would also mean that the results would correlate better with what has previously been found.  

However, as stated earlier β-glucans that have potentially been broken down partially through 

baking would still be detected as β-glucan with method A. Which means that these results 

from method A can only say that β-glucans did not break down to free glucose or form other 

aggregates as one previous study hypothesized (Trogh et.al 2004). It is difficult to draw any 

sort of conclusions from this analysis, but there seems to be no significant difference of β-

glucan between dough and bread, showing that the baking process does not change or disrupt 

the β-glucan to form other aggregates.  

6. Conclusion 

It can be concluded that there was a variation in β-glucan content between different breads 

and flours. However, there is no difference between modern cultivars used in commercial 

products sold at supermarkets versus traditional Swedish cereal cultivars. Therefore, there is 

no particular health benefit from choosing one over the other from a β-glucan perspective. 

The clear difference that can be seen between different types of cereals, where grains such as 

barley and rye have higher β-glucan content than oat and wheat. This could show a potential 

health benefit to choose barley and rye over wheat when eating bread or baking. It should also 

be noted that even the highest β-glucan content bread in this study does not have high enough 

content to be a viable option for daily consumption in reaching the daily dietary goal of 3 g. 

No conclusion about if the breadmaking process disrupt/ change the β-glucan content can be 

made from this study. 
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Further investigation into the difference between traditional versus modern cultivars is needed 

with a larger sample pool to see if there are any significant differences in content. Further 

research into the impact of food processing is also needed to get a clearer picture of how β-

glucan are affected by the bread making process since there is still differing results reported. 

With more information of β-glucan content in different foods, a better understanding of the 

health effects can be obtained.  
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Appendix A – Raw data for method validation 

 

Abbreviations used for tables 

Δ Abs = Absorbance after β-glucosidase treatment minus reaction blank absorbance 

F = Factor for the conversion of absorbance values to µg of glucose 

FV = Final volume of sample in mL 

V = Volume of sample being analyzed in mL 

W = The weight of sample analyzed in mg 

D = Dilution factor 

Rep. = Replicate samples for D-glucose std.  

 

Sample Absorbance sample V   

(mL) 

D W 

(mg) 

FV 

(mL) 

Moisture 

content 

(%) 

Absorbance D-glucose std. for 50 µg 

of glucose 

F 

 Blank Sample Δ Abs.      Rep. 1 Rep. 2 Rep. 3 Rep. 4  

Oat control 

method B 

0.005 1.467 1.505 1.481 0.05 1 62 3.2 6.3 1.081 1.087 1.098 1.093 45.88 

Barley control 

method B 

0.003 0.869 0.890 0.8765 0.05 1 64 3.2 10.9 

Oat control 

method A 

0.016 1.014 1.039 1.0105 0.05 1 54 4.7 6.3 1.047 1.213 1.194 1.117 43.75 

Barley control 

method A 

0.007 0.436 0.476 0.449 0.05 1 62 4.7 10.9 
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Appendix B – Raw data for determination of β-glucan in bread samples 

Sample Absorbance sample V (mL) D W 

(mg) 

FV 

(mL) 

Moisture 

content 

(%) 

Absorbance D-glucose std. for 50 µg 

of glucose 

F 

 Blank Sample Δ Abs      Rep. 1 Rep. 2 Rep. 3 Rep. 4  

Oat control 0.014 1.079 1.122 1.0865 0.05 1 55 4.7 6.3 1.097 1.028 1.11 1.062 46.54 

L1:1 0.076 0.144 0.146 0.069 0.05 1 73 4.7 0 

L2:1 0.163 0.265 0.265 0.102 0.05 1 74 4.7 0 

L3:1 0.064 0.171 0.171 0.107 0.05 1 68 4.7 0 

L4:1 0.124 0.217 0.212 0.0905 0.05 1 46 4.7 0 

L5:1 0.109 0.265 0.26 0.1535 0.05 1 71 4.7 0 

Oat control 0.022 1.354 1.384 1.347 0.05 1 69 4.7 6.3 1.07 1.002 1.082 1.093 47.09 

K1:1 0.919 1.049 1.066 0.1385 0.05 1 74 4.7 0 

K2:1 0.433 0.511 0.514 0.0795 0.05 1 68 4.7 0 

K3:1 0.078 0.134 0.132 0.055 0.05 1 63 4.7 0 

K4:1 0.033 0.205 0.204 0.1715 0.05 1 60 4.7 0 

K5:1 0.405 0.474 0.469 0.0665 0.05 1 66 4.7 0 

Oat control 0.026 1.533 1.435 1.458 0.05 1 81 4.7 6.3 1.084 1.079 1.098 1.084 46.03 

L1:2 0.046 0.104 0.104 0.058 0.05 1 61 4.7 0 

L2:2 0.114 0.229 0.235 0.118 0.05 1 69 4.7 0 

L3:2 0.067 0.203 0.201 0.135 0.05 1 79 4.7 0 

L4:2 0.145 0.294 0.29 0.147 0.05 1 66 4.7 0 

L5:2 0.162 0.378 0.371 0.2125 0.05 1 80 4.7 0 

Oat control 0.016 1.618 1.583 1.5845 0.05 1 83 4.7 6.3 1.101 1.081 1.103 1.084 45.78 

K1:2 0.949 1.082 1.175 0.1795 0.05 1 79 4.7 0 

K2:2 0.475 0.546 0.557 0.0765 0.05 1 74 4.7 0 

K3:2 0.075 0.137 0.14 0.0635 0.05 1 78 4.7 0 

K4:2 0.024 0.168 0.172 0.146 0.05 1 65 4.7 0 

K5:2 0.341 0.404 0.414 0.068 0.05 1 67 4.7 0 
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Appendix C - Contents of bread 

Sample name Name of bread Contents1 

L1 Algot 98% sifted wheat, and 2% salt 

L2 Dalavete 98% whole grain wheat, and 2% salt 

L3 Aros 98% whole grain wheat, and 2% salt 

L4 Närkeråg 40% rye, 58% wheat, and 2% salt 

L5 Nakenhavre 15% rye, 15% whole oat kernels, 68% wheat, and 2% salt 

K1 Varsågod Skogaholm Flour (wheat, whole grain of rye and wheat, sifted rye, coarse wheat), water, syrup, blanched whole grain 

rye flour, wheat gluten, colza oil, toasted malt of barley, yeast, salt, wort of barley, sourdough powder 

of wheat. The bread contains 20% whole grain flour. 

K2 Vetekaka Polarbröd Wheat flour (60%), water, syrup, colza oil, fermented wheat flour, wheat gluten, yeast, salt, oat fiber, 

vegetable based emulsifier (mono- and diglycerides of fatty acids, mono- and diglycerides mono- and 

diacetyl tartaric acids), baking powder (ammonium carbonate), malt flour (barley), ascorbic acid (vitamin C). 

K3 Roast n toast Pågen Wheat flour, water, sourdough from wheat (3%), colza oil, yeast, sugar, poppy seeds (1%), sea salt (1%) and 

wheat gluten. 

K4 Lantbröd havssalt 

Skogaholm 

Flour (wheat, sifted rye, durum), water, rolled oats, wheat gluten, yeast, sourdough of wheat 2%, malt 

of wheat and barley, flax, colza oil, sea salt. Contain naturally occurring saccharides. 

K5 Jubileumskaka 

Polarbröd 

Wheat flour (61%), water, syrup, colza oil, fermented wheat flour, wheat gluten, yeast, salt, oat fiber, 

vegetable based emulsifier (mono- and diglycerides of fatty acids, mono- and diglycerides mono- and 

diacetyl tartaric acids), baking powder (ammonium carbonate), malt flour (barley), ascorbic acid (vitamin C). 
1Contents were translated from the Swedish food packaging for the commercial (K1-K5) samples and translated from the contact at the bakery for the local 

(L1-L5) samples.  
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Appendix D – Raw data for determination of β-glucan in cereal samples and dough/ bread before/ after baking. 

Sample Absorbance sample V 

(mL) 

D W 

(mg) 

FV 

(mL) 

Moisture 

content 

(%) 

Absorbance D-glucose std for 50 

µg of glucose 

F 

 Blank Sample Δ Abs      Rep. 1 Rep. 2 Rep. 3 Rep. 4  

Oat control 0.017 0.798 0.814 0.789 0.05 1 44 4.7 6.3 1.083 1.087 1.06 1.065 46.56577 

M1 0.037 0.091 0.092 0.0545 0.05 1 56 4.7 0 

M2 0.025 0.325 0.326 0.3005 0.05 1 58 4.7 0 

M3 0.021 0.16 0.153 0.1355 0.05 1 41 4.7 0 

M4 0.017 0.098 0.1 0.082 0.05 1 42 4.7 0 

Oat control 0.008 0.806 0.853 0.8215 0.05 1 42 4.7 6.3 1.102 1.11 1.029 1.098 46.09357 

M5 0.011 0.157 0.152 0.1435 0.05 1 50 4.7 0 

M6 0.008 0.123 0.125 0.116 0.05 1 47 4.7 0 

M7 0.013 0.077 0.075 0.063 0.05 1 57 4.7 0 

M9 0.005 0.054 0.052 0.048 0.05 1 53 4.7 0 

M10 0.016 0.08 0.079 0.0635 0.05 1 60 4.7 0 

Oat control 0.011 0.908 0.903 0.8945 0.05 1 45 4.7 6.3 1.083 1.091 1.101 1.093 45.78755 

 M8 0.016 0.403 0.386 0.3785 0.05 1 40 4.7 0 

M11 0.009 0.228 0.214 0.212 0.05 1 56 4.7 0 

M12 0.008 0.05 0.046 0.04 0.05 1 51 4.7 0 

M13 0.008 0.078 0.078 0.07 0.05 1 50 4.7 0 

M14 0.009 0.071 0.081 0.067 0.05 1 49 4.7 0 

Oat control 0.005 1.344 1.368 1.351 0.05 1 54 3.2 6.3 1.135 1.122 1.11 1.082 44.95392 

 SD:B 0.007 0.2 0.206 0.196 0.05 1 52 3.2 0 

SB:B 0.005 0.225 0.232 0.2235 0.05 1 52 3.2 0 

ND:B 0.004 0.139 0.141 0.136 0.05 1 53 3.2 0 

NB:B 0.005 0.234 0.244 0.234 0.05 1 55 3.2 0 

Oat control -0.026 0.868 0.819 0.8695 0.05 1 48 4.7 6.3 1.132 1.055 1.093 1.063 46.05112 

 SD:A 0.04 0.298 0.3 0.259 0.05 1 54 4.7 0 

SB:A 0.016 0.241 0.237 0.223 0.05 1 48 4.7 0 

ND:A 0.032 0.19 0.181 0.1535 0.05 1 44 4.7 0 

NB:A -0.015 0.237 0.201 0.234 0.05 1 55 4.7 0 

 


