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A B S T R A C T   

The popular dairy alternative oat-based drink (OBD) is made from hydrolysed oat. However, natural OBD is 
inherently unstable. OBD is commonly made from wholemeal oat and considered to have health benefits due to 
the β-glucan content. β-glucan is also a hydrocolloid with stabilizing potential and stored mainly in the bran. This 
study investigated the effect of bran substitution, to traditional wholemeal oat on the stability and physico-
chemical properties of OBD. In addition, the effect of the loss of the β-glucan network at neutral and acidified pH 
are also assessed. Products with intact β-glucan from bran were highly viscous and, thus, stable throughout 
storage at 20 ◦C for 14 days, but showed a viscous gel-like tendency that is unsuitable for thin beverage ap-
plications. The loss of the β-glucan network made thin beverage-like products that were unstable. The in-
stabilities observed were phase separation due to thermodynamic incompatibility (bran pH 6.4), gravity 
separation-based creaming (wholemeal pH 6.4 and 4.2), and electrostatic complex formation (bran pH 4.2). 
The complex formation highlighted the slight anionic tendency of hydrolysed β-glucan. The use of bran fraction 
leads to higher protein and β-glucan content. The physicochemical balance of the products greatly influenced the 
stability of the product.   

1. Introduction 

Oat-based drink (OBD) is a popular plant-based beverage with an 
inherent instability profile. The earliest publication defined it is a sus-
pension of disintegrated oat extract made through enzymatic hydrolysis 
with glucanase-free amylases (European Patent No. 0713646B1,1994). 
As a natural product from disintegrated plant material, previous study 
by Jeske et al. (2017) has shown that OBD systems are polydisperse and 
thus suffers from instability. The formulation of commercial drinks 
usually add hydrocolloids such as various gums, e.g. carrageenan or 
xanthan gum, to increase the viscosity, and thus discourage separation 
(Patra et al., 2021). 

OBD is considered a healthy, sustainable alternative to dairy milk 
and the health benefit is associated with the presence of β-glucan. EFSA 
(European Food Standards Agency) approved its health effect to main-
tain normal blood LDL-cholesterol levels when consumed at a minimum 
of 3 g per day (EFSA Panel on Dietetic Products and Allergies, 2009). 
Besides the known health effect, β-glucan is a hydrocolloid, which, as 
mentioned above, potentially may help to prevent inherent separation. 
In oat groat, β-glucan is located within the cell wall of the endosperm 
and bran part of the kernel (Ahmad and Kaleem, 2018). During oat flour 

production, the bran is usually separated from the final product, 
contributing to the lower fibre content in the regular flour. Oat bran 
contains a higher amount of fibre and protein, with less carbohydrates 
(Harasym and Olędzki, 2018). 

There are currently not many publications available on OBD. Some 
limited publications on OBD have focused on the nutritional aspect and 
the digestibility profile (Bonke et al., 2020; Martínez-Padilla et al., 2020; 
Rincon et al., 2020). While, a study by Deswal et al. (2014) tried to 
optimize the enzymatic process with only α-amylase and wholemeal oat. 
Nonetheless, the physical stability aspect of OBD is imperative for 
customer adoption, and an increase in β-glucan concentration might be 
desirable not only for health, but also the product’s stability. This paper 
aims to investigate the effect of substituting wholemeal oat with oat 
bran, towards the physical stability and physicochemical properties of 
oat-based drinks. Product from oat bran is expected to have higher 
β-glucan. Since, β-glucan is hypothesized to be the internal stabilizing 
agent of the product, the product from oat bran is therefore also ex-
pected to have better stability than wholemeal products. The effect of 
the loss of the β-glucan network is investigated by using varying β-glu-
canase concentrations during the hydrolysis process. The products were 
subjected to either neutral or acidified pH to represent product 
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behaviour at dairy product application conditions. All the treatments are 
part of an experimental design, enabling us to study both the main ef-
fects of the three parameters: oat source, amount of β-glucanase and pH. 
In addition, due to the design, we are also able to investigate the possible 
interactions between the three variables. 

2. Material and methods 

2.1. Experimental design 

The study followed a 23 factorial design with oat source, β-glucanase 
level, and product pH as variables, all at two levels. The corner points 
according to each variables are wholemeal oat flour or oat bran, with 
(0.08% w/w flour) or without β-glucanase, and pH 4.2 and 6.4. A centre 
point was added in the middle of the design with a mixed source (1:1 
bran: wholemeal ratio), 50% level of β-glucanase (0.04% w/w flour), 
and pH of 5.3. The oat bran flake (Rubin Mühle GmbH, Lahr, Germany) 
consisted of 13% water, 8% fat, 17% protein, and 45% carbohydrates, of 
which 15% is fibre. The flake was milled using a hammer mill (Labo-
ratory Mill 120 with 0.8 mm sieve, PerkinElmer, Waltham, MA, United 
States) to produce bran flour to obtain a more comparable particle size 
to the wholemeal oat used. An initial sieving test showed that both flours 
passed through a 1 mm sieve. The wholemeal oat (Rubin Mühle GmbH, 
Lahr, Germany) consisted of 12% water, 7% fat, 13.5% protein, and 
58.7% carbohydrates, of which 10% is fibre. 

The production steps of OBD were: a) 1 part oat to 4 parts hydration 
with 100 ppm CaCl2 Mili-Q water (referred to as water onwards) (50 ◦C, 
30 min), b) hydrolysis with α-amylases (0.15% w/w flour, Thermamyl 
classic, Novozymes, Bagsværd, Denmark) and a varying amount of 
β-glucanase (Beerzym BGHK4, Erbslöh Geisenheim GmbH, Geisenheim, 
Germany), c) cooling to 30 ◦C, centrifugation (7000 g, 5 min) with fat 
reincorporated manually, d) pasteurization (85 ◦C) with a water bath, 
and e) dry matter (measured with MA160 Sartorius AG, Göttingen, 
Germany, at 105 ◦C, 1 g) and pH adjustment (with 4M HCl and 4M 
NaOH) to 10% dry matter and pH 4.2, 5.3, and 6.4, respectively. The 
product was stored at 5 ◦C overnight, mixed, and then either measured 
as ‘fresh’ samples or stored frozen at − 20 ◦C. The product was measured 
fresh for physical separation tendency, apparent viscosity, particle size, 
and microstructure. Frozen samples were thawed overnight at 5 ◦C, and 
mixed prior to zeta potentials and measurements of chemical properties. 
The products were made with a batch size of 300 mL for fresh samples 
measurements, and 2 L for frozen samples. All products were made in 
triplicates of the same batch size, and the measurements were, as min-
imum, performed in duplicates. 

2.2. Physical separation tendency 

0.04% sodium azide was added to fresh samples, and 40 mL of the 
product was filled into a sterile bottle. A picture was taken as the day 
0 reference using a photobox and a mobile phone camera (Samsung 
galaxy s10 lite camera, Samsung, Seoul, South Korea), and the product 
was incubated for 14 days at 20 ◦C. The image for each bottle was then 
processed using Matlab 2018b (Mathworks, Waltham, MA, United 
States) into 41-pixel width and maximum liquid length. The RGB spec-
trum was averaged along the width and used as a guide to determine the 
separation height. The separation was calculated as the % height dif-
ference of separation phase to the total liquid height. 

2.3. Physical properties 

Four physical properties were measured, apparent viscosity, particle 
size, microstructure, and zeta potential. The apparent viscosity was 
approximated using the flow parameters generated with a rotational 
cylinder rheometer (Kinexus series, Malvern Panalytical, Worcester-
shire, United Kingdom) fitted with coaxial cylinder geometry. The shear 
rate ramp method was performed at 1–300/s at 20 ◦C, and the shear 

stress was recorded. The resulting flow profile (shear stress vs shear rate) 
was then fitted to a power-law model resulting in an n and K value. The 
curve fitting was done using the curve fitting toolbox in Matlab 2018b. K 
value was taken as apparent viscosity and n value as the flow behaviour 
index. r2 values of the fitting were monitored for model validity, and the 
resulting r2 values range from 0.99 to 1.00 (not shown). 

The particle size of the products was measured using Mastersizer 
3000 (Malvern, Worchestersire, United Kingdom) with Hydro LV 
extension. The device used the light scattering principle to measure 
particle size flowing inside a cell by utilising the Mie Theory. It is then 
diluted using Milli-Q water until an obscuration of 6–7% is reached. For 
zeta potential measurements, the sample was diluted to 1% dry matter 
with 10 mM sodium phosphate buffer filtered through 0.2 μm cellulose 
acetate filter at respective product pH (4.2, 5.3, and 6.4). Zeta potentials 
were measured using Zetasizer Nano SZ (Malvern, Worcestershire, 
United Kingdom). The device measured the electrophoretic mobility 
(velocity) of a particle subjected to an external electric field. The ve-
locity was measured through particle interaction with a light source 
(He–Ne laser 633 nm) and then transformed to a zeta potential value 
using the Henry equation. Product with a zeta potential value of 0 mV is 
considered to be the least stable and either + or − 30 mV to be stable 
(Cano-Sarmiento et al., 2018). The particle size and zeta potential 
measurement were performed at 20 ◦C with the product’s density of 
1.032 g/cm3, a refractive index of 1.35 and an absorption index of 0.01. 
The microstructure was measured with an optical microscope (Leica 
Microsystem, Wetzlar, Germany) fitted with Intralux® 6000-1 light 
source (Volpi, Dietikon, Switzerland), with 80x magnification. 

2.4. Chemical properties 

The chemical properties measured are the proximate profile (protein, 
fat, ash, and carbohydrate), β-glucan, and the oligosaccharides profile. 
Only products at neutral pH and the centre points were subjected to the 
proximate analysis because no change in the results is expected with 
product acidification after the separation process. The proximate profile 
of the products is presented in a dry concentration (% w/w), and the dry 
matter content was used for normalisation of the data measured with 
wet samples (protein and fat measurements). Dry matter was measured 
using the moisture analyser (MA160, Sartorius AG, Göttingen, Germany, 
105 ◦C, 1 g). The protein content was measured using the Dumas method 
(Rapid MAX N exceed, Elementar, Langenselbold, Germany); 500 mg of 
samples in triplicates with 250 mg ascorbic acid as standard in dupli-
cates (conversion factor used was 6.25). The fat content was measured 
using the Low Field Nuclear Magnetic Resonance rapid analyser 
(ORACLE™, CEM Corporation, Matthews, NC, United States), 3–4 g of 
samples in duplicates. Prior to ash measurement, the sample was freeze- 
dried at − 40 ◦C for 48 h (Edwards Modulyo, Buch & Holm, Herlev, 
Denmark). Ash measurement was performed using 1 g of sample in 
duplicates incubated at 525 ◦C for 20 h (Nabertherm, Buch & Holm, 
Herlev, Denmark). The carbohydrates content was obtained by weight 
difference. 

β-glucan concentration was measured using an assay kit for mixed 
linkage β-glucan (AACC Method 32–23.01, Megazyme, Bray, Ireland). 
The samples underwent two steps of ethanol precipitation (70% and 
50%) and were subjected to two-step hydrolysis by lichenase and 
β-glucosidase. The resulting glucose is detected using a glucose deter-
mination reagent containing glucose oxidase, peroxidase and 4-amino-
antipyrine. This reagent reacts with glucose to produce 4-N-(p- 
benzoquinoneimine)-antipyrine, which is detectable using a UV-VIS 
spectrophotometer at 510 nm. The absorbance of the samples was 
compared to the absorbance of the standard 100 μg glucose solution. 

The oligosaccharides profile of DP1-DP8 (degree of polymerization 1 
to 8) was measured using an HPLC. The HPLC system was fitted with 
Aminex HPX-42 column with pre-column of Micro Guard Deashing (Bio- 
Rad Laboratories, Hercules, CA, United States) and RI (refraction index) 
detector at 35 ◦C. The eluent was Milli-Q water at 0.6 mL/min and 
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column temperature of 30 ◦C. The sample was diluted to approximately 
5% dry matter, and filter-centrifuged (50 kDa cut off) for 10 min at 
14,000 g. 10 μL of the filtrate was then injected into the column. The 
resulting data was presented as % w/w dry. 

2.5. Data analysis and statistics 

ANOVA analysis was performed using Matlab 2018b (Mathworks, 
Waltham, MA, United States), and ASCA (Analysis of variance – simul-
taneous component analysis) was performed using PLS Toolbox version 
8.5.1 (EigenVector Research Incorporated, Manson, WA, United States) 

3. Results 

For clarity purposes, product without added β-glucanase are called as 
B0, with maximum β-glucanase as B100, and the one in between as B50. 
The oat source and pH are mentioned with their real values. 

3.1. Physical separation tendency and physical properties 

The combination of oat source, the addition of β-glucanase, and 
different product pH can be seen to alter the separation tendency 
significantly. Based on its separation tendency, the products can be 
classified as stable, undergoing phase separation, creaming or sedi-
mentation (Fig. 1). Bran product was stable at B0 with no (or unob-
servable) phase separation throughout incubation at both pH. On the 
other hand, phase separation occurred at B100 pH 6.4 with complete 
sedimentation at B100 pH 4.2. For wholemeal products, phase separa-
tion was predominant at B0 for both pH, but surprisingly only minor 
creaming was seen at B100 even at acidic pH (Fig. 2). 

The resulting rheology flow parameters can be seen in Fig. 3. The 
effect of β-glucan hydrolysis significantly reduced the apparent viscosity 
and shifted the flow behaviour from shear-thinning fluid (n value < 1 for 
B0 products) to almost Newtonian fluid (n value close to 1 for B50 and 
B100 products). The thick products’ flow profile showed a strong shear- 
thinning behaviour and a gel-like structure under the light microscope 
(Fig. 4C). 

The result of the particle size analysis and the corresponding 
microstructure can be seen in Fig. 4. The particle size is presented as 
surface area mean diameter (D[3,2]) and volume average diameter (D 

[4,3]). Among the three variables tested, oat source and β–glucanase 
was seen to be the main factors, while the pH was seen to only signifi-
cantly affect the D[3,2], and only in bran products with hydrolysed 
β–glucan at D[4,3] (Fig. 4B). D[4,3] was sensitive to the presence of 
large particles. The larger deviation in D[4,3] values were presumably 
due to a lack of homogenization, and thus, possible formation of large 
particles during pasteurization. For both parameters, products with 
intact β-glucan (B0) had larger particles compared to products with 
hydrolysed β-glucan (B100). The larger particle size might be attributed 
to the gel-like network seen in the microstructure of B0 products 
(Fig. 4C). The gel-like network from β-glucan disappeared after addition 
of β-glucanase leaving only suspended particles. These particles aggre-
gated at acidified pH and larger particles were seen in the microstruc-
ture. Meanwhile, products from oat bran were seen to be the most 

Fig. 1. The appearance of products before and after incubation at 20 ◦C made from (A) Wholemeal, (B) Mix and (C) Bran.  

Fig. 2. The separation at final incubation day with the error bar as standard 
deviation. 
Variable name: (1st part) the level of β-glucanase concentration used, and (2nd 
part) product’s pH. 
Significant multiway ANOVA p value for β-glucanase, oat source,and the in-
teractions between both respectively are 0.00, 0.00, and 0.00. 
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affected by the decrease in pH and most prominent in hydrolysed 
products. 

The zeta potential profile of the products is presented in Fig. 5. 
Fig. 5A shows the breakdown by significant variables, pH and level of 
β-glucanase, and Fig. 5B shows the breakdown per oat source, which 
confirm the lack of oat source effect towards the zeta potential values. 
Nonetheless, products from bran seem to have zeta potential closer to 
zero in comparison to wholemeal, which was mostly pronounced in the 

hydrolysed product at pH 4.2 (B100 pH 4.2) with a p-value close to the 
threshold of 0.05. 

3.2. Chemical properties 

The chemical profiles of the products can be seen in Fig. 6. Oat source 
was the predominant factor as anticipated to affect the chemical profiles, 
with β-glucanase only significantly affecting the total carbohydrates, the 

Fig. 3. The power-law parameter of rheology measurements: (A) Apparent viscosity, (B) n-value with the error bar as the standard deviation. 
Variable name: (1st part) the level of β-glucanase concentration used, and (2nd part) oat source. 
Significant multiway ANOVA p-value for β-glucanase and oat source are 0.00 and 0.0 for both parameters, and β-glucanase x oat source is 0.00 only for n value. 

Fig. 4. The microstructure and the particle size distribution: (A) Surface area mean, and (B) Volume mean diameter. Error bars are given as the standard deviation. 
(C) Microscopic images of the microstructure. The bar represent 100 μm 
Variable name: (1st part) the level of β-glucanase concentration used, and (2nd part) oat source. 
Significant multiway ANOVA p-value for β-glucanase, oat source for both parameters are 0.00 and 0.00, p-value of pH, and pH x oat source are 0.00, and 0.00 only for 
D[3,2], while β-glucanase x oat source was 0.00 only for D[4,3]. 
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protein, and the β-glucan. Products with intact β-glucan (B0) seemed to 
have higher protein concentration, while oat bran products have higher 
protein concentration at the same β-glucan hydrolysis level (Fig. 6A). 
The addition of β-glucanase increased the total carbohydrate, and oat 
bran products seem to generally have lower total carbohydrates at the 
same hydrolysis level (Fig. 6B), higher fat content (Fig. 6C), and higher 
β-glucan (Fig. 6E). The product from a mixed source (1:1 wholemeal/ 
bran flour ratio) has a similar β-glucan concentration as the 100% oat 
bran products. An ASCA (Analysis of variance – simultaneous 

component analysis) (Bertinetto et al., 2020) was performed on the 
oligosaccharide dataset, which showed no significant effect of the var-
iables tested with the corresponding p-value of β-glucanase level and oat 
source effect of 0.3 and 0.4, respectively. Hence, a general oligosac-
charide profile of the products was made and can be seen in Fig. 6F. The 
DP3 and DP6 (degree of polymerization) molecules were seen to be most 
abundant, followed by DP 5, DP2, DP4 and DP7, and the least abundant 
molecules are DP1 and DP8. 

Fig. 5. Zeta potentials of the products (A) averaged value of significant variables, and (B) comparison with different oat source, and the error bar as the standard 
deviation 
Variable name: (1st part) the level of β-glucanase concentration used, and (2nd part) product’s pH. 
A. Significant multiway ANOVA p-value for β-glucanase and pH are 0.00, and 0.00 
B. None of the terms shown are significant. The p-value for B0 pH4.2, B0 pH6.4, B100 pH4.2, and B100 pH6.4 are 0.7, 0.8, 0.05 and 0.8, respectively. 

Fig. 6. The chemical profiles of the products with the error bar as the standard deviation: (A) protein, (B) carbohydrates, (C) fat, and (D) ash, (F) Oligosaccharides. 
Variable name: (1st part) the level of β-glucanase concentration used, and (2nd part) oat source. 
Significant multiway ANOVA p-value for oat source are 0.00 for all except oligosaccharides, and β-glucanase are 0.00 for only protein, carbohydrates and, 
and β-glucan. 
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4. Discussions 

Only bran products with intact β-glucan (Bran B0) exhibited a stable 
tendency regardless of the pH. Thus, high apparent viscosity seems to be 
one of the main factors, which prevent separation. However, the phys-
ical appearance of the viscous product was gel-like, closer to a pudding, 
and not suitable as a thin beverage expected for plant-based milk. 
Thinner products, in the meantime, underwent physical separation, 
creaming, and complex formation. The phase separation probably can 
be explained by thermodynamic incompatibilities that force the sepa-
ration. This phenomenon was not unique and have been observed pre-
viously in milk and β–glucan systems at pH 7 with depletion interaction 
as the suggested driving force for separation (Sharafbafi et al., 2014). 
Physical hindrance such as viscosity might slow the separation, and thus 
bran B100 pH 6.4, which is less viscous, separates more in comparison to 
B0 wholemeal at both pH values. The minor creaming observed for 
products with added β-glucanase was most likely due to stabilizing 
network loss which prevents separation. 

The complexation observed for bran products with hydrolysed 
β-glucan at pH 4.2 (Bran B100 pH 4.2) was unexpected. Complexation is 
typically a result of electrostatic interaction between the protein and the 
anionic polysaccharide (Tolstoguzov, 2003). β-glucan is often classified 
as neutral/non-ionic, owing to its linear structure. The zeta potential 
results also support this since the product with intact β-glucan (B0) was 
shown to have the zeta potential closest to zero at the same pH level. 
Thus, it is counter-intuitive to observe complexation in a β-glucan sys-
tem. Nonetheless, β-glucan has been shown to be slightly anionic, and 
charged by a low amount of the phosphate residues embedded in the 
carbon backbone as a phosphomonoester (Ghotra et al., 2007). The 
destruction of this network by β-glucanase would expose the charged 
area and lead to higher absolute zeta potential. Zielke et al. (2018) 
demonstrated that protein and β-glucan might aggregate as the result of 
electrostatic interaction. The isoelectric point (IEP) of oat protein was 
reported to be in the pH range of 4.9–5.1 (Brückner-Gühmann et al., 
2018). At pH 4.2 below the IEP, the protein was positively charged, 
which allowed interactions with negatively charged particles in the 
products resulting in the complexation observed. 

The complex formation was not seen in the rest of the acidic prod-
ucts, regardless of source and β-glucanase. Nonetheless, the increase in D 
[3,2], as well as the formation of aggregates in the microstructure, was 
observed for all products with acidified pH, not only in Bran B100 pH 
4.2. The increase in particle size indicates that the protein aggregated at 
pH 4.2, more pronounced in bran products, and even at intact β-glucan 
condition (B0). The partial hydrolysis by β-glucanase perhaps increases 
the chances of interaction that exposed the reacting group (Tolstoguzov, 
2003) while significantly reducing the viscosity that acts as the physical 
hindrance. 

The lack of complex formation at pH 4.2 in wholemeal products 
might be caused by possible different protein types from a different 
source or lower total instability-causing biopolymer formation (protein 
+ β-glucan) in wholemeal products. In regards to protein, the distribu-
tion of protein in oat was considered to be the most balanced among 
cereals in which the water-soluble globulin was also found in endosperm 
as well as bran (Klose et al., 2009). However, it was noted that though 
globulin is present in both fractions, the amino acid composition differs 
greatly between bran and endosperm (Hahn et al., 1990; Klose and 
Arendt, 2012). This could change the protein sensitivity to acidification, 
even though further research is needed to confirm the link between 
protein characteristics in different oat fractions and the functional 
properties. Total protein and β-glucan for bran B0 and B100, and 
wholemeal B0 and B100 was 18.95 ± 0.98, 10.69 ± 0.95, 13.45 ± 0.18, 
and 5.47 ± 0.67 %w/w (dry), respectively. Wholemeal B100 pH4.2 was 
a dilute system that might prefer co-solubility. 

The chemical profile expectedly showed that oat bran products had 
higher protein, β-glucan, fat and lower total carbohydrates content. The 
addition of β-glucanase was also expected to increase the total soluble 

solids resulting in higher carbohydrate levels. However, it is interesting 
to note that the addition of β-glucanase (a carbohydrases), reduced the 
protein concentration. It is in contrast to common observations that 
carbohydrases help the extraction of protein (Jodayree et al., 2012). The 
low solubility of oat protein might explain the trend seen in this 
experiment at neutral pH (Mäkinen et al., 2017). The product’s high 
viscosity (in B0 products) seems to help in the protein entrapment. The 
products made resulted in 2.98–5.78% w/w dry β-glucan, approxi-
mately corresponding to 2.16–4.16 g/day (240 mL/serving, 3 ser-
vings/day) and close to the daily recommendation of 3 g/day. Part 
substitution of wholemeal products with oat bran was able to add ~1.5x 
the total β-glucan content. The oligosaccharide fraction analysed was 
ranging only half of the total carbohydrate number detected with the 
proximate analysis, which still marked a significant presence of bigger 
carbohydrates (>50 kDa, the cut off used before the HPLC analysis). The 
enzyme used was an endo-acting amylase without further saccharifica-
tion or secondary hydrolysis, which explains the low DP1 fraction in the 
oligosaccharide profiles, and the abundance of higher DP 
oligosaccharides. 

5. Conclusions 

The physical stability of a plant-based product is the result of a 
delicate balance between its biopolymer constituents. Substitution with 
oat bran led to the desirable higher protein and β-glucan content in 
terms of chemical composition but greatly reduced the physical stability 
during acidification. OBD from oat bran is not suitable for acidified 
product application. On the contrary, the product from wholemeal was 
stable at acidified pH and potentially suitable for acidified product 
application. The intact β-glucan network caused high product viscosity, 
promoting stability, although produced texture and appearance not 
suitable for a beverage. Thin beverage-like products would separate over 
time, and the separation might range from minor creaming, phase sep-
aration or even complex formation at low pH. Optimization taking into 
account stability, acceptable viscosity, and perhaps the link to the 
β-glucan molecular weight still need to be investigated. The mixing of 
oat bran and wholemeal oat seems promising, and should be investi-
gated further since it has comparable β-glucan content with oat bran 
products and an almost similar stability profile with wholemeal products 
at pH 5.3. 
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