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Abstract 
 Oats is a crop that contains a high amount of fiber, protein and fat, but like all other crops it 

contains mostly starch. In this study the focus has been oat flours and brans with different -

glucan content. The health benefits of -glucan, a soluble fiber are well documented and a 

correlation between intake of -glucan with high molecular weight and a low glycemic 

response has been observed. Food with a low glycemic index can lower the risk for diseases 

like type 2 diabetes, cardiovascular diseases and obesity. Also a connection between intake of 

-glucan with high molecular weight and a reduction of LDL-cholesterol has been observed. 

-glucans from oat absorb water and build a viscous gel, which make them an interesting 

component when developing new products, as a fat replacer in for example meat products and 

pastries. To optimize the use of flours and brans with a modified -glucan content in new 

applications, the water absorption was measured with a method called Solvent Retention 

Capacity and the viscosity with a Rapid Viscosity Analyzer (RVA). The results showed that a 

higher amount of -glucan in the flour or bran, a higher water holding capacity (WHC) was 

observed. The WHC for oat flour with a -glucan content at 2% was calculated to 73±7%, 

while the WHC for oat bran with a -glucan content at 28%, was calculated to a WHC of 

880±45%. A comparison of different flours and brans indicates that dietary fiber, where -

glucan have the greatest impact on the WHC. The result from the RVA indicates that a flour 

with a combination of a high -glucan content (0.24g) and high starch content (3.72g) leads to 

a high viscosity 12700 cP, compared to other flours or brans with either a lower -glucan 

content (0.12g) or lower starch content (0.12g) gives lower final viscosity, 5390 and 780 cP. 

The result also indicates that other factors such as a smaller particle size and a higher 

temperature during the heating step (95°C instead of 64°C) might give a higher viscosity.  

    

Keywords   
Oats; -glucan; water holding capacity; viscosity; Solvent Retention Capacity; Rapid 

Viscosity Analyzer.   
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1. Introduction  

1.1 Swedish Oat Fiber AB    
Swedish Oat Fiber was founded in the year 1989, in Bua, close to Gothenburg. In their 

process they use de-hulled and heat treated oats from Sweden and process it into three 

different oat ingredients, oat flour, oat bran with high content of β-glucan and oat oil. The 

ingredients are then used in different food applications like breakfast cereals, bread and 

instant products, cosmetic industry products, sport and nutritional products as well as in feed 

industry, including pet food (1).  

   

 The de-hulled and heat-treated oat grains are successively milled and sieved and different 

fractions obtained. Products they manufacture are for example wholemeal oat flour, oat flour 

with different protein content and particle size. They also have oat brans with different β-

glucan content (9-28%) and particle size (250-600 m). Some of the flours and brans have a 

long shelf life (at least 24 months), due to fat reduction by ethanol extraction.  

 

1.2 Oats   
Oats is one of the crops with the highest amount of fiber and also one of the most economical 

sources of soluble dietary fiber (2). Oats is one of the cereal grain with the highest amount of 

protein, it ranges from 12.4 to 24.4%. The lipid level in oats is often around 7%, but it can 

vary from 2 to 12%. A high percent of the lipid content is unsaturated fatty acids. The sugar 

amount in oats is low, lower than 1%. Like other grains, oats contains high levels (around 20-

70% RDI/100g oat) of magnesium, potassium, iron and phosphorus, but a lower level of 

copper, and calcium (around 5-10% of RDI/100g) (3). Despite oats good nutritional 

composition only around 7% of the total oat production is used for food consumption. The 

most common intake of oats is in the form of rolled oats and oat flour (4).  

 

1.2.1 Starch     
Starch is a polysaccharide and the most common carbohydrate in our food. It’s a carbohydrate 

reserve made mostly of amylopectin and amylose that are molecules made of glucose unit’s. 

Amylose is a linear chain molecule that can contain a few branches, while amylopectin is a 

very highly branched molecule and considered to be one of the largest molecules found in the 

nature (5). Plants can save their surplus of glucose in the plant tissue in form of starch 

granules. Starch granules are small packages that also contain protein, lipid, ash and 

phosphorus.  

 

De-hulled oat grains consist of 40-60% starch and the amylose and amylopectin content in oat 

starch is about 25% and 75%, respectively. The level of lipids are higher in oat starch than in 

other starches, around 1.2% (6). The starch granules are pretty compact and insoluble and 

therefore they are not so easy to hydrate in cold water. They can absorb water reversibly at 

room temperature and swell around 20% of their own size, and return to their original size 

upon drying, but they imbibe significantly more water at higher temperatures and this process 

is irreversible (6).  

   

 

http://www.sweoat.com/
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1.2.2 Gelatinization and pasting 
Two terms that are associated with heating of starch is gelatinization and pasting. 

Gelatinization is when the molecular order in the starch granules collapses and gives an 

irreversible change of viscosity and the granules swell and become many times bigger than 

their normal size. For oat starch the gelatinization start at temperatures from 56 to 69 °C, and 

the gelatinization peak are around 58 to 73°C. Pasting is the phenomenon that comes after the 

gelatinization, if the heating of the starch granules continues, the granules continues to absorb 

as much liquid as they can and the viscosity continues to increase (7). The viscosity increases 

until the native starches break and get disintegrated by stirring. Amylose starts to leach out 

and the breakdown causes a decrease in viscosity (5).  

 

Studies have shown that an increase of the temperature, from 85°C to 95°C gives an increase 

in the oat starch swelling power and solubility, the same increase could not be seen with corn 

starches. The reason for this seems to depend on oat starch relatively high content of lipids. A 

study shows that defatted oat starch has a higher solubility at 85 °C and did not increase that 

much at higher temperature as non-defatted oat starch do. It seems as if the lipids retard the 

solubility of starch (8).  

  

1.3 Dietary Fiber   
Carbohydrates that are non-digestible for the human body are called dietary fiber, and they 

can be soluble or insoluble. Dietary fiber consists of materials that are found in plant cell 

walls, mostly cellulose, other non-starch polysaccharides and lignin. The intake of dietary 

fiber is recommended to be 25-50 g per day for a grown up person (5). Good sources of 

dietary fiber are whole grains, fruit, fresh vegetables and nuts (9).  

Although fibers are not digestible, they have many important roles in the body. The water-

soluble fibers (for example -glucan) absorb water and form a gel. The gel increases the 

intestinal bulk, which might lead to a higher satiation (5). When the dietary fibers bind water, 

they help to facilitate the passage through the small intestine and that helps to counteract 

constipation (5). Dietary fiber reaches the colon without getting decomposed like other 

nutrients and the microbes in the colon take advantage of the fibers and start fermenting them 

(10). Some important products from the fermentation are short chain fatty acids (SCFA) 

mainly propionate, acetate and butyrate. Butyrate has been shown to induce apoptosis and 

counteract cell proliferation, which prevent colonic epithelium to convert into carcinoma, 

epithelial cancer and therefore butyrate is important to help prevent cancer in the colon (11). 

Additionally carcinogens get more diluted in the bowel when the dietary fibers increase the 

volume of intestinal contents and increase the speed through the bowel and therefore the 

contact-time between carcinogens and the mucosa is much shorter (12). The soluble fibers are 

fermented to a higher extent than the insoluble ones, therefore the insoluble fibers help to 

increase the fecal bulking more, while the soluble fibers helps to produce SCFA to a greater 

extent (13).  

 

1.3.1 Oat -glucan   
(13)(1 4)-D--glucan (-glucan) is the most documented soluble fiber. -glucan is found 

in especially oats and barley, in oat grains the -glucan content varies from 3 to 9%. Most of 

the -glucan is found in the endosperm cell walls of the grains (14). -glucan consists of β-D-

glucopyranose monomers (see Figure 1) in a linear chain and the monomers are linked with 

consecutive (14) linkages that are separated by single (13) linkages (15). The (13) 

linkage is never consecutive, and this is considered to be the reason for flexibility and 
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solubility of β-glucan (14). The (13) linkage also contributes to the β-glucan high water 

binding capacity (16).  

 
Figure 1. The structure of (13)(1 4)-D--glucan from oats.  

 

1.3.2 Viscosity of -glucan  
Viscosity is a measure of the resistance of a fluid to deform under shear stress. The SI unit for 

viscosity is Pascal seconds, but usually posie is used instead, and it will be used in this study. 

0.1 Pasec is 1 poise (P), and therefore 1 mPasec is 1 centipoise (cP) (7).  

 

The viscosity in a β-glucan solution gets higher with higher molecular weight. Other things 

that have a great impact on the viscosity are the concentration and structure of the 

polysaccharide and external influences like shear rate (14). If the solubility of β-glucan is low 

in a food product it will also have low viscosity in the human intestine. Therefore it is 

important to retain the β-glucans high molecular weight and not break it down (17).   

 

Solutions with low concentrations of β-glucan have a Newtonian behavior; the viscosity 

doesn’t change with the shear rate. In solutions with high β-glucan concentration, 

pseudoplastic behavior is observed, with increasing shear rate the viscosity is decreased (14).   

 

1.3.2. Physiological benefits of -glucan  
Different studies have shown an association between health benefits (named below) from -

glucan and it is primary based on the increased luminal viscosity in the gastrointestinal tract 

that -glucan gives. The increase of viscosity seems to delay nutrient absorption from the gut 

(18).  

   

Foods with low glycemic index have shown to be associated with decreased risk of diseases 

like type 2 diabetes, cardiovascular disease and obesity. Glycemic index (GI) is a measure of 

how the blood glucose level is affected by food that contains carbohydrates (Figure 2). 

Ingestion of food with a low GI leads to a slow increase of the blood glucose level, which 

gives a reduction in insulin secretion in comparison to food with high GI. Studies have shown 

that -glucan with high molecular weight has a low glycemic response. The response seems 

to depend on the high viscosity in the intestines, which leads to a delayed absorption of 

carbohydrates and glucose, therefore resulting in a reduced insulin response (19).  
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Figure 2. Schematic picture of blood glucose levels after a meal with high and low glycemic index (GI). After 

a meal with -glucan, the blood glucose behaves like the blue curve (low GI). 

 

A connection has also been seen between -glucan intake and a lower serum LDL(Low 

Density Lipoprotein)-cholesterol in in vitro studies and in human studies (20). High levels of 

LDL-cholesterol increase the risk of thrombosis. The high viscous gel of -glucans in the 

intestine binds bile acids and increase the excretion of bile acid instead of being re-absorbed. 

This leads to an increase in the synthesis of bile acid in the liver, which requires cholesterol 

and therefore the levels of serum LDL-cholesterol is reduced (21).    

   

Some studies haven’t shown associations between -glucan and health benefits (18, 19, 20, 

21). The varying results from the different studies seems to depend on the processing method 

of the -glucans, if the molecular weight and solubility have been affected, a connection with 

health benefits cannot be seen (18). 

 

1.3.4 Health claims of -glucans  
 EFSA (European Food Safety Authority) has approved a claim about -glucan and 

cholesterol for marketing on food products: “Regular consumption of beta-glucans contributes 

to maintenance of normal blood cholesterol concentrations”. To have this effect the intake of 

-glucan must be at least 3 g/d. The -glucan must come from oats or barley and are just 

allowed to be minimally processed. The claim can also be used on a food product if it 

contains at least 1g/portion of -glucan from barley or oats (22) (23).  

  

To use a health claim about -glucans’ ability of reduction of post-prandial glycemic response 

the -glucan content must be at least 4 g for each 30 g available carbohydrates in a portion. 

The -glucan must come from oats or barely (23).  

 

1.4 Applications with oat ingredients   

Due to the many studies about oat and the good characteristic of -glucans, the interest in 

using oats in different food application is increasing (26,27,28,29). -glucans’ most 

interesting characteristic when it comes to new food applications is its ability to hold water, 

which make it an interesting fat replacer.  
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1.4.1 Beverage   
For example beverages and smoothies enriched with -glucan may give a higher satiety than 

beverages without -glucan according to a study (26).  

  

1.4.2 Meat and sausages    
Many food companies try to find ways to reduce the fat percentage in their products, in order 

to make a healthier product. Fat contributes juiciness, mouthfeel and flavor to a food product; 

therefore it’s often not possible to just lower the fat content, but necessary to find a good 

substitute that gives quite the same texture. -glucan seems to be a good replacer due to its 

ability to bind and hold water, and therefore may give the product a good texture (27).  

  

Sausages contain around 20-25% fat and are therefore not a product connected with a healthy 

diet. Replacing some percentage of the fat content with dietary fiber could make the sausages 

healthier. In a study where sausages fat content was reduced to 10% and replaced with dietary 

fiber from rye bran, it was shown that it was possible to replace some fat with dietary fiber, 

but the sensory characteristics were affected negatively and it was not appreciated by the 

consumers (28). In another study, the sausages original recipe was changed so a part of the 

pork trim was substituted with -glucan from barley, water and more beef trim. This reduced 

the fat content from 22% to 12%. The study showed that adding more than 0.8% of -glucan 

in the sausages, changed the sausages characteristic too much. But a sausage with 0.3% -

glucan was acceptable, therefore it is possible that soluble fibers can be used as a fat replacer 

in sausages and other meat products (27).  

 

1.4.3 Pastry    
Also in pastry, -glucan is an interesting fat replacer. In a study on margarine, oat bran that 

contained 12% -glucans was added to the margarine. The margarine was used when baking 

buns and the dough contained 0.15% -glucans. When the -glucan enriched margarine was 

used, the margarine content that was needed were reduced from 7.5% to 4% compared to 

using plain margarine. -glucans absorbs water and therefore more water is needed to be 

added to the buns. The buns with -glucan enriched margarine had a softer inside and the 

buns were soft and were perceived fresh for a longer time (29).  

 

 

1.5 Solvent Retention Capacity and Water Holding Capacity   
Different types of flours are able to hold different amounts of water. Different types of food 

applications require flour with different water holding capacities. Cookies and crackers 

require flour with a low water holding capacity to make the product crispy, but in buns it is 

positive with flour with a high water holding capacity to make the product soft (24). To know 

a flours’ water holding capacity a method called solvent retention capacity can be used.   

 
The American Association of Cereal Chemist (AACC) states that the official objective for 

solvent retention capacity is the following:  

 
Solvent retention capacity (SRC) is the weight of solvent held by flour after 

centrifugation. It is expressed as percent of flour weight, on a 14% moisture 

basis. Four solvents are independently used to produce four SRC values: water 

SRC, 50% sucrose SRC, 5% sodium carbonate SRC, and 5% lactic acid SRC. 
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The combined pattern of the four SRC values establishes a practical flour 

quality/functionality profile useful for predicting baking performance and 

specification conformance. Generally, lactic acid SRC is associated with 

glutenin characteristics, sodium carbonate SRC with levels of damaged starch, 

and sucrose SRC with pentosan characteristics. Water SRC is influenced by all 

of those flour constituents (25). 

 

Lactic acid SRC and sucrose SRC are used for investigating the characteristic of the grain, 

while sodium carbonate SRC is used for investigating the damage degree of the starch that 

will arise while the grain is milled. The more intact starch granules, the lower the water 

absorption and this leads to lower SRC values of sodium carbonate (24). This method is made 

to see the quality of wheat flour. Oat flour does not contain glutenin and therefore it is not 

necessary to do the lactic acid SRC for oat flour. For this exam work it is just desirable to 

know the total water absorption, and not which part that makes the water absorption to be as it 

is. The decision was therefore to only use the water SRC, which is influenced by the different 

flour constituents and characteristics like total dietary fiber and β-glucan content, starch, 

proteins and particle size.  

   

The SRC value is calculated using the following equation:    

 

%𝑆𝑅𝐶 = [
𝑔𝑒𝑙 𝑤𝑡

𝑓𝑙𝑜𝑢𝑟 𝑤𝑡
− 1] 𝑥 [

86

100 − %𝑓𝑙𝑜𝑢𝑟 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒
] 𝑥 100 

 

The SRC method is especially used for wheat flour and therefore it is normalized for wheat 

flours’ moisture at 14% (gives factor 86 in the equation). Due to the equation takes into 

account the moisture of the analyzed flour, it is possible to use the same equation for flour 

with different moisture, as oat flour. 

1.6 Rapid Viscosity Analysis (RVA)   
RVA is used to determine the viscosity in a solvent sample when it is exposed to different 

temperatures and shear rates. A rotating paddle is placed in the sample and is rotating with a 

specific speed and the sample’s resistance to flow creates a torque in the opposite direction to 

the rotation. This creates a shear rate that is a function of the rotating paddles speed and the 

paddles distance from the walls of the canister, where the sample is placed.    

  

In the RVA a specific temperature program, time and rotation speed of the paddle is selected 

and the particular data makes a RVA profile. Users can choose their own profile, but it´s 

recommended to use standard methods, because it is easier to compare the result with other 

studies and to use the right temperature and time for the sample to be analyzed (7).  

 

1.6.1 The five stages of the RVA test   
Liquid addition stage   

The samples’ components get hydrated very fast and therefore it’s important to reduce the 

time between the mixing of the dry sample and the liquid and the start of the RVA.   

 

Heating stage   

When the temperature raises gelatinization of the starch granules starts, the granules swell 

because they absorb and bind water. This leads to lower levels of free water and this leads to 

“pasting of the granules”, they start to interact with each other. The pasting leads to an 

increase of the viscosity and the viscosity continues to rise until the starch granules have 
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reached their maximum size. This gives a peak on the viscosity curve (see Figure 3), and then 

the granules crack, amylose and amylopectin leach out and the granules starts to breakdown 

and the viscosity gets lower.  

 
 

 Figure 3. A typical RVA curve.   

 

 

Holding at maximum temperature   

The breakdown of the granules causes a decrease in the viscosity, which can be seen after the 

peak viscosity. The curve will start to plan out, but still a small decrease in viscosity will 

continue due to the shear-thinning effect, this is called the holding stage because the curve is 

pretty flat.  

 

Cooling stage 

When the cooling step starts, the amylopectin and amylose chains change their structure and 

get more ordered and an amylose network is formed, this is called retrogradation. When 

retrogradation is reached a gel is formed with a simultaneous increase of the viscosity and a 

setback can be observed in the curve.  

 

Final holding stage 

After the final temperature is reached the viscosity can continue to increase. This is due to the 

temperature differences in the sample, in the middle warmer and the viscosity is lower. When 

the final temperature is reached in the whole sample, the viscosity will reach a plateau value 

(7).  
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1.6.2 Components that can affect the viscosity  
It’s not only the starch that has an impact on the viscosity, also other components in the 

sample like protein and lipids can change the viscosity as well as soluble fibers like -glucan. 

Protein and lipids can interact with the starch and change its viscosity. How the protein 

change the viscosity depends on the characteristics of the protein, it could both give a 

decrease and an increase of the viscosity (7). As mentioned in section 1.2.3 the viscosity of -

glucans is dependent on molecular weight, solubility and concentration of the -glucan.  

 

A study with a beverage with -glucan showed that addition of ascorbic acid led to a drastic 

reduction of the viscosity. This was shown to be due to the ascorbic acid’s ability to decrease 

the molecular weight of the -glucan. The same study showed that the pH also has an impact 

on the viscosity. Different levels of ascorbic acid gave different pH: 2.5, 3.5, 4.5, 5.5, 6.5 and 

7.5. The result showed that the viscosity was lowest at pH 5.5 and 6.5 and highest at pH 7.5 

and 2.5 (30). Another study have also investigated the relationship between viscosity and 

different pH, 3 to 8 and the result showed that pH 6 gave the lowest viscosity. pH 5 and 7 

gave almost the same viscosity, and so did pH 4 and 8. pH 4 and 8 gave a little higher 

viscosity than pH 5 and 7. This seems to depend on, at low pH, the particles are uncharged 

and does not repel each other and therefore are able to form week bonds between each other. 

These bonds breaks when the pH increases and the viscosity decreases. When the pH 

increases even more (over 6) the particles are able to form intermolecular interactions (31). 

      

The particle size could also affect the viscosity, it takes longer time for lager particles to get 

fully wet by a liquid (7).  

 

1.7 Aim   
The aim of this degree project was to determine the water holding capacity (WHC) of 

Swedish Oat Fiber’s different flours and brans and to see how different parameters like -

glucan and starch content and particle size affects the water holding capacity by using the 

Solvent Retention Capacity (SRC) method. The aim was also to determine the viscosity of 

some oat flours and to see if parameters like pH and ascorbic acid can affect the viscosity. 

The knowledge obtained from these experiments will be useful for Swedish Oat Fiber´s 

global costumers when they are developing new applications.  

 

Besides Swedish Oat Fibers own flour and brans other fibers like guar gum, inulin and 

another bran with -glucan from oat was investigated to see how they differ in WHC and 

viscosity.    
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2. Method and materials   

2.1 The samples  
 The different flours and fibers that were analyzed were Swedish Oat Fiber’s own flours and 

brans, fibers from another commercial oat fiber producer, wheat flour, inulin and guar gum. In 

Table 1 nutritional values, particle size and moisture content of Swedish Oat Fiber’s products 

are shown.  

 

Table 1. Information about Swedish Oat Fiber’s different products. See text below for description. 

  Flours    Brans   

Flour/Bran P12 P14 P19 BG9 BG14 BG14 

bakery 

BG22 BG28 

Fat (g/100 

g) 

7 8 3 9 5 10 5 5 

Protein 

(g/100 g) 

12 14 19 17 21 19 22 23 

Dietary 

fiber 

(g/100 g) 

4 9 7 18 26 25 40 50 

-glucan 

(g/100 g) 

2 4 4 9 14 14 22 28 

Moisture 

(%) 

7,5 7 4 9 4 6 5 6 

Particle 

size (m) 

< 180 < 600 < 90 < 600 < 355 < 500 < 300 < 250 

 

2.1.1 SWEOAT Flour   
The flours are named after their protein content and are available with 12, 14 and 19 percent 

protein (P12, P14 and P19). The flours from Swedish Oat Fiber differ from other oat flours in 

the way that they are milled really fine and that leads to smaller particle size and lower water 

content compared to conventional oat flours. P12 is just milled and have most of the fibers 

sighted away. P14 is a wholemeal, the oat kernels are milled and all the components are left. 

In P19 some fat content has been removed by ethanol extraction. This flour is also finer in 

particle size than P12.  

 

2.1.2 SWEOAT Bran  
SWEOAT BRAN contains 9-28% of -glucan and are named after their -glucan content 

(BG9, BG14, BG22 and BG28). The -glucan content in the brans is increased mainly by 

removing starch, therefore the ingredient with 28% -glucan contains less starch than the 

ingredient with 9% -glucan (32).  

2.1.3 Oat fiber Q   
Another competing company makes an oat fiber with 33-35% -glucan. Here named as Fiber 

Q (shown name) with 33-35% -glucan. The bran is a fraction of milled whole oat grain and 

afterwards processed with enzymes. Protein, insoluble fibers and oil are removed by 

centrifugation. Fiber Q is common in beverages thanks to its solubility and the smoothness 

and the good mouthfeel it gives.   
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2.1.4 Wheat flour      
Wheat flour (Kungsörnen, Stockholm, Sweden) was used to compare the WHC result with 

other studies, to make sure that the results are similar.  

2.1.5 Frutafit® IQ    
Frutafit® IQ (Sensus, Roosendaal, Netherland) is an inulin product that contains 10% 

fructose, glucose and sucrose and the rest is inulin. Inulin is a dietary fiber and in Frutafit® it 

comes from chicory roots, that has a high content of inulin. It requires high levels (over 25%) 

of inulin in a hot solution to make a gel when the solution is cooled down. The gel has a 

creamy fat-like texture and it is often used in meal replacement bars, sports/energy bars, soy 

beverages and vegetable patties (5). An advantage of inulin is that it is possible to add to food 

without increasing the viscosity (33).  

  

2.1.6 Careguar  
Careguar (Caremili, Jodhpur, India) are a guar gum product made of guarbean seeds. Guar 

gum gives quickly a high viscosity in liquid, especially at temperatures around 25-40°C. 

Because of its high viscosity it is recommended to use below 1% guar gum, otherwise it has 

shown to have negative impact on sensory and nutritional properties. In the food industry the 

guar gum is a common stabilizer and a good fiber source. It is used in many different products 

for example in bread to make it more soft, fried products to lower the oil uptake, as fat 

replacer in cakes and to improve the texture in yoghurt and in pasta (34).      

 

2.2 Moisture content    
The instrument HB43-S halogen (Mettler Toledo) was used to measure the moisture content 

in a sample. It measures the sample weight and thereafter the sample is quickly heated and all 

the moisture is vaporized. The weight of the moisture that was steamed away is measured and 

this gives a value of the total moisture percentage in the sample (35).  

2.3 Solvent Retention Capacity (SRC)  
The Solvent Retention Capacity profile used is an AACC international method, 56-11.02, but 

it was a bit modified to fit the instruments available in the laboratory (25). For the SRC 

measurements suitable combinations of water and flour/bran was tried out. 

  

X g flour was added to four 15-ml centrifuge tubes with known weight. The tubes were 

marked and X g deionized water was added to each tube. The tubes were shaken with a vortex 

for 5 seconds and then the flour was allowed to swell for 20 minutes and shaken for 5 seconds 

every 5th minute.    

 

When 20 minutes had passed the tubes were centrifuged at1250 x g for 15 minutes using a 

fixed angle rotor. The supernatant was decanted, and the tubes drained at 90° angle for 10 

minutes. The pellet and tube was weighed and the tubes’ weight was subtracted before the 

SRC value was calculated with the following equation:  

   

%𝑆𝑅𝐶 = [
𝑔𝑒𝑙 𝑤𝑡

𝑓𝑙𝑜𝑢𝑟 𝑤𝑡
− 1] 𝑥 [

86

100 − %𝑓𝑙𝑜𝑢𝑟 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒
] 𝑥 100 

 

  Flours/fibers moisture content was determined using the HB43-S halogen instrument, as 

mentioned above. The obtained moisture values are shown in Table 6. 
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2.3.1 Combination of flour/bran and water    
The first combination of flour/bran and water that was tried out for SRC measurement was 2 g 

of flour/bran and 10 g of water, which is the same ratio as in the 56-11.02 method. This was 

not a good combination for any of the flours/brans, because it just formed a dough and not a 

supernatant and pellet, as it should. Therefore a decrease of the flour/bran and an increase of 

the water were needed. In order to find a good ratio between the flour/bran and water, BG28 

was used for the reason that it is the bran with the highest amount of β-glucans and therefore 

it needs the highest amount of water. The ratio that gave BG28 a supernatant and a pellet was 

0.5 g bran in 10 g water. Therefore this ratio was decided to be used for all products tested. 

Table 2 shows which combinations of bran and supernatant that were tried out.  

   

Table 2. Combination of bran and water that were tested for the bran BG28 and if a supernatant was formed.   

g sample/g 

water 

2 g/10 g 1.5 g/10 g 1 g/ 12g 1 g/10 g 0.5 g/10 g 

Supernatant No No No No Yes 

  

2.3.2 SRC Statistics  
The SRC was done seven times for each flour and bran, to make sure that the results are 

reliable (see Table 13,14,15,16,17,18,19,20,21,22 in Appendix 1). To try to reduce the risk of 

errors, four different flours were analyzed at the same time and not four of the same flour, just 

in case swelling time or the centrifugation time happens to be lower/higher, so it wouldn’t 

affect the result of just one flour and make SRC% higher/lower for that specific flour. After 

all the analyses the mean and standard deviation, SD were calculated and also Grubbs test was 

done to delete the outliners. One outline was found in the bran BG9 (see Table 20 in 

Appendix 1), and was not used in the calculation.   

 

To see if there was a significant difference between the SRC for P19 and P14, and BG14 and 

BG14 Bakery, unpaired t-tests with Welch’s correction for unequal variances were done.   

 

2.4 Rapid Viscosity Analysis (RVA)  
For the Rapid Viscosity Analysis, the AACC method 76-22.01  “Pasting Properties of Oat” 

was used with a RVA 4800 Rapid Visco Analyser (Perten instruments, PerkinElemer). This 

method is customized for analyzing the viscosity of oat samples. The moisture content of the 

flours was needed and was measured with the HB43-S halogen instrument. According to the 

moisture content of the flour (M) the RVA instruments computer calculated the amount of the 

flour/bran (S) and liquid (W) that were needed to be added using the following equation:  

 

𝑆 =
94 𝑥 6

100 − 𝑀
 

 

 

𝑊 = 25 + (6.0 − 𝑆) 

 

The sample and the liquid were weighed in into two different canisters and the liquid was 

transferred to the sample canister and mixed well. A paddle and the canister were installed 

and the sample’s viscosity was measured against the chosen profile (see Table 3)(36).  
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 Table 3. The profile that has been used to determine the viscosity in different samples.  

Time (HH:MM:SS) Type Value 

00:00:00 Speed 960 rpm 

00:00:00 Temperature 30 °C 

00:00:10 Speed 160 rpm 

00:05:00 Temperature 64 °C 

00:20:00 Temperature 64°C 

00:30:00 Temperature 30° C 

 

2.4.1 Pasting properties of different flours and brans   
6 g BG28 and Fiber Q in 25 g water gave too high viscosity, therefore the amount of these 

brans were adjusted so the -glucan content was quite the same as for P19 and P14 in the 

solution. 6 g P19 in 25 g water gives a -glucan content of 0.24 g in the canister. To have a 

comparable content of -glucan in BG28 and Fiber Q it requires around 1 g of bran, which 

gives a -glucan content of 0.28 g in the canister.   

2.4.2 Pasting properties of oat ingredients with addition of enzymes  
To see how different components in the flour and bran affect the viscosity, 10 l of enzyme 

solution (-amylase or Lichenase) were added to the sample after the liquid and flour was 

mixed. -amylase (Megazyme, Lot 120201a) hydrolyzes starch into glucose units (5) and is 

used in the RVA to see how degradation of starch can affect the final viscosity. This -

amylase is stable in temperatures under 70°C. Lichenase (Megazyme, Lot 150101a) cleaves 

the -glucan into oligosaccharides (37). Lichenase is used in the RVA to see how the other 

characteristics aside -glucan affects the flours viscosity. Lichenase is stable in temperatures 

under 60°C. 

2.4.3 The possibility to make a beverage with a health claim  
To see if it was possible to make a beverage with an acceptable viscosity and a health claim 

about cholesterol lowering, BG28 was used. BG28 has the highest -glucan content and the 

lowest starch content amongst the Swedish Oat Fiber ingredients. A portion of a beverage was 

decided to be 250 ml, and for this 3.57 g BG28 was needed, to give 1 g of -glucan per 

portion. In the canister the water was supposed to be 25 ml and the used BG28 amount was 

therefore 0.357 g.  

2.4.4 The temperature’s effect on the final viscosity 
Another profile (see Table 4) where the temperature went up to 95 °C was used for some 

samples to see if the change in temperature have an impact on the viscosity. At this 

temperature the gelatinization peak temperatures of oat starch was reached (58 to 73 °C).  

  

Table 4. The RVA profile with high temperature.  

Time (HH:MM:SS) Type Value 

00:00:00 Speed 960 rpm 

00:00:00 Temperature 30 °C 

00:00:10 Speed 160 rpm 

00:11:30 Temperature 95 °C 

00:16:30 Temperature 95°C 

00:30:00 Temperature 50° C 
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2.4.5 Effects of ascorbic acid and pH on viscosity 
As mention in the introduction, studies have shown that ascorbic acid and pH can have an 

impact on the viscosity. To investigate this, beverages with different pH and ascorbic acid 

content were used together with P19 to see if it was possible to see any differences in 

viscosity. Table 5 shows the different beverages that were used in the RVA test. 

  

Table 5. The different beverages that were used in the RVA and their pH and content of ascorbic acid, oats 

and -glucan. 

 Orange 

juice ICA 

basic 

Orange 

juice 

Tropicana 

Oat milk 

Oatly 

Proviva 

orange & 

mango 

Munsbit oat 

smoothie 

IKEA 

pH 3.8 3.8 6.6 3.4 3.7 

Ascorbic 

acid (mg/100 

ml) 

20 33 n.d1 35 n.d1 

Oat content 

(%) 

No No 10 0.8 2.7 

β-glucan 

contents (%) 

No No 0.4 n.d1 0.76 

1 n.d – not determined. 

3. Results and Discussion   

3.1 Solvent Retention Capacity     
The moisture content for all the samples was measured with the HB43-S halogen (see Table 

6). The results were used in the calculation of WHC for the samples (see Table 7).  

  

Table 6. The moisture value from a single measurement of the different flours/fibers, both the value from the 

product specification and the value measured using the HB43-S halogen.  

Flour/bran P12 P14 P19 BG9 BG14 

Bakery 

BG14 BG22 BG28 

Moisture in 

specification 

(%) 

7.5 7 5 9 6.5 6 5 6 

Value 

HB43-S 

halogen (%) 

7.3 6.4 5.1 8.5 5.5 3.8 3.4 5.5 

 

Mean WHC and standard deviation (SD) for the different flours and brans are shown in Table 

7. The result showed that P12 had the lowest WHC, 73% and BG28 had the highest 883%. 

The Table also shows different parameters that can have an effect on the WHC.    
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Table 7. The WHC of different flours and brans, based on 7 experiments.    

Flour/bran P12 P14 P19 BG9 BG14 

Bakery 

BG14 BG-

22 

BG- 

28 

Oat 

fiber Q 

Mean WHC 

±SD(%) 

73 

±7 

120            

±8 

145 

±24 

245 

±12 

290 

±13 

350 

±33 

560 

±49 

880 

±45 

540      

±19 

-glucan 

(g/100g) 

2 3.7 4.2 10.2 14.3 14.9 22.6 28.7 33-36 

Starch 

(g/100g) 

68 61 63 43 36 40 24 12 54-57 

Dietary fiber 

(g/100 g) 

4 9 7 18 25 26 40 50 36-38 

Fat (g/100 g) 7 8 3 9 10 5 5 5 0,5-1 

Protein                                   

(g/100 g) 

11.6 11.7 18.8 16.9 18.8 21.7 22.4 21.9 < 4.5 

Particle size              

(m) 

< 180 < 355 < 90 < 600 < 500 < 355 < 300 < 250 n.d1 

1 n.d – not determined 

3.1.1 The WHC compared with other studies   
The WHC for wheat flour (Kungsörnen) was calculated to a mean of 57±8%, other studies on 

the WHC for wheat flour showed values around 50-60%. (24). A study on oat flour 

containing 4.3% -glucan, 58% starch and 15% protein showed a WHC of 90% (38). This 

flour is comparable with P12, P14 and P19. Both P14 and P19 have a higher WHC, than the 

flour in the study, although they have a lower -glucan content (see Table 7). The difference 

in the WHC is small and might depend on the higher starch or dietary fiber content in P14 and 

P19, differences in the method or differences in the flours’ particle size. Starch is able to 

absorb some water at room temperature so the higher WHC in P14 and P19 might depend on 

that. The particle size of the flour in the reference study is not known, and it might be bigger 

than P14 and P19 and that could also be a possible reason for the lower WHC. A smaller 

particle size makes it easier for water to penetrate into the particle and therefore flours with 

smaller particle size are able to absorb and hold more water.   

 

3.1.2 Parameters that has an impact on the WHC    
The results in this study gave a correlation between the dietary fiber content and the WHC, 

the higher dietary fiber content, the higher is the WHC (see Figure 6 in Appendix 3). As 

Figure 4 shows, the -glucan content seems to have the biggest impact on the WHC. This 

agrees with the hypothesis that -glucan readily absorbs water which leads to a higher WHC. 

Also even a small amount of -glucan, as in P12 gave an increase in WHC in comparison to 

wheat flour with no -glucan content (see Table 7).  
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Figure 4. The correlation between WHC and -glucan for Swedish Oat Fiber’s own products. 

  

As shown in Table 7, BG14 and BG14 Bakery have almost the same content of -glucan and 

carbohydrates, but BG14 shows a higher mean WHC% (P=0.003). The same is with P19 and 

P14, they have almost the same -glucan and carbohydrates content, but P19 shows a slightly 

higher WHC (P=0.03). The difference in the WHC between the P14 and P19 and also BG14 

and BG14 Bakery is so small that it might depend on the higher -glucan content in BG14 

and P19. However, it cannot be ruled out that other factors might influence the difference. 

Other factors that might have an impact on WHC are the particle size, protein and fat content. 

BG14 has a smaller particle size than BG14 bakery, and P19 has a smaller particle size than 

P14. P19 has higher protein content than P14 but a lower fat content, and so does BG14 in 

relation to BG14 Bakery.  

   

In summary, the results showed that other parameters than the -glucan content might have an 

impact on the WHC but still it does seems that the -glucan content has the greatest impact.  

 

The results also showed that the higher WHC, the higher were the variation of the values of 

WHC (see Table 7). P12 differs from the mean with ± 7%, while the WHC for BG22 differs 

with ± 49%. The brans with a high -glucan content and P19 with a small particle size did not 

give a distinct borderline between the pellet and supernatant after centrifugation and this led 

to difficulties when supernatant was decanted.  

 

3.1.3 WHC for Fiber Q, Inulin and Guar gum 
The WHC for Fiber Q was lower than in BG28, although Fiber Q has a higher -glucan 

content (see Table 7). The reason for this must be that Fiber Q and the other flours and brans 

have not been processed in the same way, in the process of fiber Q, enzymes have been used 

which may degrade the -glucans and the carbohydrates.  

  

The WHC for the Inulin fiber wasn’t possible to measure because it didn’t form a pellet and 

supernatant. It was just a transparent runny solution when the same amount of sample and 

water as the other samples were used. When higher amounts of sample were used in a lower 

amount of water, the sample just created a solid lump in the tube and was not able to form a 
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pellet and supernatant. The reason might be that water at room temperature was used, to make 

a gel; inulin requires hot water (5).  

  

With guar gum lumps were formed and didn’t get mixed with the water. The amount of fiber 

was reduced and the amount of water increased to try to reduce the lumping, but it didn’t 

work. The fibers were too viscous.    

 

3.2 Rapid Viscosity Analysis   
The method 76-22.01 “Pasting Properties of Oat” was used to analyze the pasting properties 

of some flours and brans, the final viscosities are shown in Table 8.  

3.2.1 Pasting properties of different flours and brans    
When BG28 and Fiber Q were blended in the same ratio of water and sample as the rest of the 

flours (6 g of sample and 25 ml water), the viscosity was too high and a dough was created. 

Therefore the amount of BG28 and Fiber Q was reduced to 1 g sample in 25 ml water and this 

gave a similar -glucan content as P19 and P14, see Table 8.   

 

     Table 8. The final viscosity from a single experiment for the flours and brans in distilled water. 

Sample P12 P14 P19 Wheat     

flour 

BG28 Fiber Q Inulin 

Final   

viscosity 

(cP) 

5390 9340 12700 1160 780 41 -35 

-glucan  

content in 

canister (g) 

0.12 0.24 0.24 0 0.28 0.33 0 

Starch 

content in 

canister (g) 

4.02 3.60 3.72 4.2 0.12 0.54 0 

 

The lower amount of the BG28 and Fiber Q led to a much lower viscosity for these brans, 

compared to the other flours, which shows that it is not only the -glucan content that has an 

impact on the viscosity, also other factors have an effect. A great impact has the swelling of 

the starch granules in the flours when the samples are heated. The amount of starch is much 

less in the canister with BG28 and Fiber Q compared with the other samples (See Table 8).  

  

A high viscosity might be a combination of a high -glucan content and high starch content. 

Wheat flour (do not contain -glucan) has a higher viscosity than BG28 and Fiber Q, and here 

the starch content must be the reason. P19 has a higher viscosity than wheat flour and P12, 

which shows that the -glucan content also has an impact on viscosity.      

   

Comparing Fiber Q and BG28, BG28 has a greater viscosity than Fiber Q, although Fiber Q 

has a higher -glucan content. This supports the theory from the discussion about WHC, that 

enzymes have degraded the -glucans in Fiber Q so the molecular weight of the -glucans has 

been reduced and thereby the viscosity. 

 

The viscosity of P19 is higher than P14 although they have quite the same amount of -

glucan. The reason for this might be particle size, as mentioned under the discussion of WHC, 

it is easier for water to penetrate into smaller particles.   
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Inulin did not give any viscosity at all to the solution with the amounts added in this study. 

The fiber is very soluble in the water but to create a gel much more sample would have to be 

added in comparison with the water amount.  

 

The pasting temperature is lower for P19 than for P14 and P12. This supports the report, 

which says lipids can retard the solubility of starch (see Table 9)(8). P19 has a higher peak 

viscosity than the two other flours. The reason for this might be the ethanol extraction that 

P19 has been exposed to. After the ethanol extraction the flour has been dried at 100 °C and 

this might change the starch. The higher peak viscosity the more can the starch granules 

imbibe water before they break.     

 

              Table 9. The pasting properties for Swedish Oat Fiber’s flours in distilled water. 

Sample P12 P14 P19 

Setback (cP) 1750 2980 4010 

Peak time 

(min) 

15 15 15 

Pasting temp 

(°C) 

62 60 44 

Peak (cP) 3840 6700 8790 

Through (cP) 3640 6360 8580 

Breakdown 

(cP) 

190 342 208 

Final viscosity 

(cP) 

5390 9340 12700 

-glucan 

content in 

canister (g) 

0.12 0.24 0.24 

Starch content 

in canister (g) 

4.02 3.60 3.72 

Fat content 

in canister (g) 

0.42 0.48 0.18 

 

The lowest viscosity after the peak viscosity is the through viscosity. The breakdown 

viscosity is the peak viscosity minus through viscosity. The breakdown viscosity is similar in 

all the three flours, which indicates that the ratio between the peak viscosity and the through 

viscosity is quite the same for the flours.  

  

The peak time is the time when the peak viscosity is reached and the higher peak time, the 

higher is the starch stability. The result indicates that the starch in all the three flours P12, P14 

and P19, has the same stability (see Table 9). The setback is the final viscosity minus through 

viscosity, and a high setback indicates that the retrogradation occurs in a high level (39).  

 

Another study on oat flour showed a correlation between a higher amount of -glucan and a 

higher peak viscosity and through viscosity, and lower breakdown viscosity and setback (39). 

This correlation is not seen in this study, because P19 and P14 have higher breakdown and 

setback viscosity than P12 (see Table 9).  
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3.2.2 Pasting properties of oat ingredients and the effect of enzymes  
The enzymes amylase and lichenase were added to the samples to see if the starch or the -

glucans has the biggest impact on the viscosity. Also the highest temperature was changed to 

95°C, so the starch is allowed to swell completely and see if that has an impact on the final 

viscosity. The result for the final viscosity is shown in Table 10.  

 

 Table 10. Values obtained after a single measurement after treatment with or without enzymes and at 

different temperatures. 

Sample P19 P19 P19 + 

amylase 

P19 + 

lichena

se 

BG 

28 

BG28 BG 28 + 

amylase 

Amount (g) 6 6 6 6 1.07 1.07 1.07 

Highest 

temperature 

(°C) 

64 95 64 64 64 95 64 

Final viscosity 

(cP) 

12700 15200 2600 922 776 1330 753 

 

  

P19 with lichenase shows a greater reduction in final viscosity than P19 with amylase. This 

shows that the -glucan content has a greater impact on the viscosity than the starch has at the 

maximum temperature of 64°C.  

  

The final viscosity of BG28 and BG28 amylase is quite the same when exposed to 64°C as a 

maximum, this is not so strange because the starch content in BG28 is low (12%), and 

therefore the amylase has not so much starch to break down, the viscosity depends on the -

glucan content.    

 

Because the -glucan content in the BG28 sample is adjusted to be the same as in the P19, the 

hypothesis was that the final viscosity of P19 with amylase and BG28 should be quite the 

same. Table 10 shows a big difference between the two samples final viscosity and the reason 

must be the higher amount of sample in P19 with more starch that can swell (more 

information about the viscosity curve see Table 23 in Appendix 2).  

 

3.2.3 The possibility to make a beverage with a health claim    
To make a beverage with a health claim about cholesterol lowering, a portion of the beverage 

must contain at least 1 g. In this study it was assumed that one portion is 250 ml, and to 

achieve a health claim 3.57 g BG28 must be added.   

 

A sample as described in methods and materials was prepared and the high temperature 

profile was used. Beverages are pasteurized at high temperatures and therefore the high 

temperature profile is used to see if the viscosity for BG28 is acceptable at this temperature. 

The sample showed a low final viscosity (51 cP) (see Table 23 in Appendix 2), which makes 

it possible regarding viscosity to use BG28 in a beverage where a health claim is desirable. 

The viscosity was still acceptable after the sample was cooled down.   
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BG28 is probably the best of Swedish Oat Fiber’s product to use in beverage, thanks to its 

high -glucan content and low starch content. Other product like P19 would probably give to 

high viscosity, due to its high starch content, if a health claim about cholesterol lowering is 

desirable.  

 

3.2.4 The temperature’s effect on the final viscosity  
Different temperature curves for the same sample were used to see if the temperature has an 

impact on the final viscosity. Two different temperature curves were used for the flour P19, 

one with the highest temperature at 64°C and the final temperature at 30°C and the other with 

the highest temperature at 95°C and the final temperature at 50°C, as Figure 5 shows.   

 
Figure 5. Rapid viscosity analysis of P19. The curves of P19 with 95°C as the highest temperature (H. P19) 

and P19 with 64°C as the highest temperature.    
 

The temperature has an impact on the viscosity, in the samples without enzymes an increase 

in the viscosity is seen when the temperature rises. The biggest impact on this is the 

gelatinization temperature for starch. The gelatinization peak for oat is around 58 to 73°C and 

this might not be reached in the samples if the top temperature is at 64°C. In Figure 5 the peak 

viscosity can be seen clearly when the flour P19 is exposed for 95°C, this peak cannot be seen 

for the same flour when it is only exposed for 64°C (see Table 23 in Appendix 2 for 

comparing the viscosity between the different curves).   

 

 



 23 

3.2.5 The viscosity of different beverages    
Different beverages with different pH and ascorbic acid content (see Table 5) are used with 

P19 to see how these parameters affects the viscosity. To get a more reliable result, the 

viscosity of the beverages by themselves is measured with the RVA method 76-22.01, see 

Table 11.  

  

Table 11. Data obtained from single measurements examining the final viscosity for different beverages 

without anything else added. 

Sample Basic juice Tropicana Proviva Oatly oat 

milk 

IKEA 

smoothie 

Final 

viscosity 

(cP) 

-11 1 -19 321 -5 

.  

 

The viscosity cannot be a negative value, and this indicates that this RVA is not so sensitive at 

low viscosity values. The result is not so reliable because it is visible that products from 

Proviva, Oatly oat milk and IKEA smoothie have a higher viscosity than Tropicana and ICA 

basic juice. This is also noticed at intake, these three beverages have a thicker mouthfeel than 

the rest.   

 

 Oatly, oat milk showed a higher final viscosity than the other samples, and the reason for this 

is probably due to its content of -glucan and to some extent starch.  

 

3.2.6 Effects of ascorbic acid and pH on viscosity  
To see if ascorbic acid and pH has an impact on the final viscosity the flour P19 was added to 

different beverages with different pH and ascorbic acid content. The result is shown in Table 

12.  

 

 Table 12. Data obtained from single measurements examining the change of the final viscosity when P19 is 

added to beverages with differing pH and amount of ascorbic acid.  

Sample P19 + 

water 

P19 + 

basic juice 

P19 + 

Tropicana 

P19 + 

Proviva 

P19 + 

Oatly 

P19 + 

IKEA 

Ascorbic 

acid 

(mg/100 

ml) 

- 20 33 5 - - 

pH 7 3.8 3.8 3.4 6.6 3.7 

Final 

viscosity 

(cP) 

12700 14000 14100 16900 18600 21600 

 

 

The sample with only water gave lowest result, which is a bit surprising; as another study has 

shown that 176mg/100ml ascorbic acid has a negative impact on the viscosity of -glucan 

(30). However, in this study the ascorbic acid content might be too low to give any detectable 

difference. None of the beverages by themselves showed a high viscosity and did not differ so 

much from each other, but with P19 added, they all got a higher viscosity than P19 with 

water. The viscosity shown for ICA Basic juice, Tropicana and water did not differ from each 
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other that much and the small difference might depend on errors when the samples were 

weighed. No correlations between different pH and the viscosity of -glucan could be seen as 

other studies have shown (30,31).  

  

 3.3 External factors that can affect the results 
Another thing that might affect the result is the homogeneousity of the flour and bran 

samples. If the -glucans or the carbohydrates are not evenly distributed in the sample the 

results can be affected. The results are very sensitive to different levels of -glucan and other 

components.     

 

4. Conclusion   

4.1 Solvent Retention Capacity   

The WHC showed a strong correlation with the dietary fiber content, where -glucan had the 

greatest impact. The result also indicates that other factors like particle size, fat and protein 

content might have an impact on the WHC. The WHC result for wheat from this study 

showed quite the same result as the reference study (24), which indicates that the results from 

this study are reliable. Swedish Oat Fiber’s products have shown a high WHC and it would be 

interesting to investigate if they can be used as fat replacer, for example in different food 

products. This study makes it easier to know which proportions of water that is necessary to 

use for which flour or bran.  

 

4.2 Rapid Viscosity Analysis   
Results of single measurement from the RVA showed that Swedish Oat Fiber’s flours with a 

higher -glucan content had a higher viscosity than flours with a lower -glucan content. 

Solution with wheat flour without -glucan was shown to be viscous, which indicates that 

starch has an impact too. It seems that the liquid is more able to penetrate the molecules if the 

particle size is smaller and therefore the finer flours gave a higher viscosity. A higher final 

viscosity was reached higher when the temperature was 95°C instead of 64°C, and the reason 

for this must be due to when the starch gelatinization temperature is reached. The preliminary 

experiments with beverages did not show any correlation between ascorbic acid and a 

negative impact on the viscosity. Different pH did not show any impact either. The results 

from the RVA however do indicate that the viscosity is affected by the flours particle size, 

content of -glucan and starch and also the temperature in the RVA.  

  

If there is any interest of make a beverage with BG28 bran that meet the requirements from 

EFSA about cholesterol lowering, the data indicates that the viscosity would not be a 

problem.   
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6. Appendices  

 

Appendix 1. 

       Table 13. The weight of BG14 that was used in the SRC, how much water the bran absorbed                        

and the bran’s SRC%. 

BG 14 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water(g) 

SRC 

(%) 

1 6 3.84 0.51 2.55 357 

2 6 3.84 0.50 2.18 294 

3 6 3.84 0.49 2.49 363 

4 6 3.84 0.50 2.73 397 

5 6 3.84 0.50 2.51 358 

6 6 3.84 0.50 2.30 320 

7 6 3.84 0.51 2.48 344 

 

             Table 14. The weight of BG14 bakery that was used in the SRC, how much water the bran absorbed            

and the bran’s SRC%. 

BG 14 

Bakery 

Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water (g) 

SRC 

(%) 

1 6.5 5.53 0.49 2.01 299 

2 6.5 5.53 0.50 2.01 275 

3 6.5 5.53 0.49 2.11 308 

4 6.5 5.53 0.49 2.10 299 

5 6.5 5.53 0.50 2.15 300 

6 6.5 5.53 0.51 2.07 278 

7 6.5 5.53 0.49 2.01 282 

 

        Table 15. The weight of BG22 that was used in the SRC, how much water the bran absorbed                         

and the bran’s SRC%. 

BG 22 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water(g) 

SRC 

(%) 

1 5 3.41 0.49 3.65 626 

2 5 3.41 0.49 3.06 508 

3 5 3.41 0.51 3.76 618 

4 5 3.41 0.50 3.42 529 

5 5 3.41 0.51 3.37 566 

6 5 3.41 0.50 3.12 508 

7 5 3.41 0.50 3.44 570 

 

            Table 16. The weight of BG28 that was used in the SRC, how much water the bran absorbed          

and the bran’s SRC%. 

BG 28 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

(g) 

SRC 

(%) 

1 6 5.5 0.50 5.26 866 
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2 6 5.5 0.51 5.21 838 

3 6 5.5 0.49 5.62 953 

4 6 5.5 0.47 4.83 844 

5 6 5.5 0.50 5.55 919 

6 6 5.5 0.49 5.07 851 

7 6 5.5 0.51 5.62 912 

 

        Table 17. The weight of P12 that was used in the SRC, how much water the flour absorbed                 

and the flour’s SRC%. 

P12 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water (g) 

SRC 

(%) 

1 7.5 7.29 0.49 0.91 80 

2 7.5 7.29 0.51 0.92 75 

3 7.5 7.29 0.50 0.89 73 

4 7.5 7.29 0.52 0.87 63 

5 7.5 7.29 0.49 0.85 68 

6 7.5 7.29 0.47 0.89 83 

7 7.5 7.29 0.49 0.84 66 

 

          Table 18. The weight of P14 that was used in the SRC, how much water the flour absorbed               

and the flour’s SRC%. 

P14 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water(g) 

SRC 

(%) 

1 7 6.35 0.49 1.11 116 

2 7 6.35 0.51 1.17 119 

3 7 6.35 0.48 1.08 115 

4 7 6.35 0.50 1.13 116 

5 7 6.35 0.50 1.23 134 

6 7 6.35 0.51 1.21 126 

7 7 6.35 0.50 1.11 112 

 

                Table 19. The weight of P19 that was used in the SRC, how much water the flour               

absorbed and the flour’s SRC%. 

P19 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water(g) 

SRC 

(%) 

1 5 5.13 0.48 1.32 158 

2 5 5.13 0.49 1.43 174 

3 5 5.13 0.50 1.24 133 

4 5 5.13 0.50 1.47 176 

5 5 5.13 0.50 1.22 130 

6 5 5.13 0.48 1.10 117 

7 5 5.13 0.48 1.16 128 
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Table 20. The weight of BG9 that was used in the SRC, how much water the bran absorbed                          

and the bran’s SRC%. The SRC% value with the red marked were removed with Grubbs test. 

BG9 Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water (g) 

SRC 

(%) 

1 9 8.46 0.49 1.44 183 

2 9 8.46 0.52 1.81 262 

3 9 8.46 0.52 1.91 254 

4 9 8.46 0.51 1.79 237 

5 9 8.46 0.49 1.75 243 

6 9 8.46 0.52 1.78 229 

7 9 8.46 0.48 1.71 242 

 

Table 21. The weight of Fiber Q that was used in the SRC, how much water the bran                                       

absorbed and the bran’s SRC%. 

Fiber Q Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water(g) 

SRC 

(%) 

1 - 6.37 0.49 3.38 539 

2 - 6.37 0.50 3.42 534 

3 - 6.37 0.48 3.19 517 

4 - 6.37 0.51 3.64 562 

5 - 6.37 0.49 3.50 562 

6 - 6.37 0.48 3.21 520 

7 - 6.37 0.52 3.66 552 

 

Table 22. The weight of wheat flour that was used in the SRC, how much water the                                          

flour absorbed and the flour’s SRC%. 

Wheat 

flour 

Moisture 

(%) 

Moisture 

(%) 

measured 

Weight 

flour (g) 

Weight 

absorbed 

water (g) 

SRC 

(%) 

1 14 12.06 0.50 0.75 50 

2 14 12.06 0.50 0.80 60 

3 14 12.06 0.50 0.80 60 

4 14 12.06 0.50 0.82 64 

5 14 12.06 0.51 0.77 51 

6 14 12.06 0.51 0.76 49 

7 14 12.06 0.51 0.83 62 
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Appendix 2. 

Table 23. The results from the RVA for all the samples. 

Sample Peak (cP) 

Trough 

(cP) 

Breakdown 

(cP) 

Final visc 

(cP) 

P19 H20 8787 8576 208 12673 

P19 Basic 9364 8250 1114 13989 

P19 Tropic 9391 8309 1082 14158 

P19 Provi 11238 10577 661 16891 

P19 Oatly 12161 11800 361 18555 

P19 IKEA 15519 14501 1018 21601 

P19 H2O amy 2394 1806 588 2598 

P19 basic amy 3949 2477 1472 3630 

P19 tropic 

amy 3984 2669 1315 3865 

P19 provi amy 3804 2886 918 4029 

P19 Oatly amy 4700 2955 1745 4288 

P19 IKEA 

amy 5622 3819 1803 5529 

P19 H2O lich 353 297 56 922 

P19 IKEA lich 1251 1129 122 2619 

P19 amy 95°C 2481 769 1712 1639 

BG28 95°C 39 24 15 51 

BG28 1g 95°C 554 356 198 1329 

BG28 amy 367 284 83 753 

P12 H2O 3838 3640 190 5392 

P14 H2O 6705 6363 342 9343 

Fiber Q H2O 32 21 11 41 

Wheat flour 

H2O 1128 994 132 1163 

Inulin IQ H2O 11 -48 59 -35 

Basic 20 -11 31 -11 

Tropic 40 4 36 1 

Proviva 17 -20 37 -19 

Oatly 1442 675 767 321 

IKEA 37 -15 52 -5 

BG28 383 309 74 776 
 

Sample 

Setback 

(cP) 

Peak time 

(min) 

Pasting temp 

(°C) Peak (cP) 

P19 H20 4097 14.98 43.7 8787 

P19 Basic 5739 14.98 48.5 9364 

P19 Tropic 5849 14.98 52.3 9391 

P19 Provi 6314 14.92 44.55 11238 

P19 Oatly 6755 14.98 39.6 12161 

P19 IKEA 7100 14.98 37.2 15519 
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P19 H2O amy 792 7.78 55.95 2394 

P19 basic amy 1153 10.45 42.25 3949 

P19 tropic 

amy 1196 10.05 51.75 3984 

P19 provi amy 1143 8.85 51 3804 

P19 Oatly amy 1333 8.58 37.7 4700 

P19 IKEA 

amy 1710 9.32 37.2 5622 

P19 H2O lich 625 14.65 err 353 

P19 IKEA lich 1490 14.98 err 1251 

P19 amy 95°C 870 8.12 err 2481 

BG28 95°C 27 12.52 err 39 

BG28 1g 95°C 973 14.98 err 554 

BG28 amy 469 14.85 err 367 

P12 H2O 1752 14.85 61.9 3838 

P14 H2O 2980 14.98 59.45 6705 

Fiber Q H2O 20 5.38 err 32 

Wheat flour 

H2O 169 13.05 61.8 1128 

Inulin IQ H2O 13 1.32 err 11 

Basic 0 1.12 64 20 

Tropic -3 1.05 err 40 

Proviva 1 1.32 64.05 17 

Oatly -354 2.38 37.25 1442 

IKEA 10 1.05 63.95 37 

BG28 467 14.98 err 383 
 

Appendix 3. 

 

 

         Figure 6. The correlation between WHC and dietary fiber for Swedish Oat Fiber’s products, wheat 

flour and Oat fiber Q. 
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