
INTRODUCTION

Different hulless barley cultivars have unique composition
and physical properties. Hulless barley cultivars compared
to hulled cultivars have increased nutritional value due to
higher content of proteins (Ehrenbergerova et al., 2003;
Biel et al., 2009), �-glucans (Izydorczyk et al., 2008) and
soluble dietary fibre (Baik, Ullrich, 2008; Sterna et al.,
2017).

Soluble fibre �-glucans have been widely studied. Among
the benefits to humans from glucans reported in literature
are prevention of various diet-related diseases, such as dia-
betes and cardiovascular diseases (Kalra and Jood, 2001;
Jenkins et al. 2002), reduction of serum cholesterol level
(Ahmad et al., 2009; 2012), lower of colon cancer risk

(Dongovski et al., 2002; Rose et al., 2007), etc. �-glucans
can also reduce postmeal blood glucose response and lower
the cholesterol level, increase digested food viscosity in the
small intestines (Wood, 2002), and the fermentability of
�-glucans, which are additional health benefits. At least 3 g
of �-glucan is recommended daily to achieve a positive ef-
fect on human health (FDA, 2005; EFSA, 2008).

A new consumer-driven food market requires barley
cultivars with a high level of total dietary fibre, �-glucans,
phenolic acids and lower amount of starch. For example, the
hulless barley varieties in Canada that are recommended for
human consumption are mainly characterised by altered
starch composition, which is either waxy endosperm or
highly (about 40%) resistant starch. Genetically, such vari-
eties are usually characterised by elevated �-glucan content
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Barley (Hordium vulgare L.) grain is an important food ingredient due to the presence of essential

compounds like �-glucans, proteins, resistant starch, phenolic compounds etc. �-glucans are able
to lower cholesterol level in blood plasma and the glycaemic index, to enhance lipid metabolism
and to reduce the risk of colon cancer. Hulless barley cultivars are more suitable to the human
diet, because the hulls can be easily removed, as well as minimal grain processing in food pro-
duction contributes to the full benefit of the whole grain. Several studies show that hulless grains
have a higher digestible energy, and they have higher protein content compared to hulled grains.
Different cultivars have unique composition and physical properties. The hulless barley cultivars
are less studied than hulled barley and oats. The aim of this study was to evaluate the fermenta-
tion characteristics of flakes of different hulless barley cultivars in vitro and to analyse the fermen-

tation pattern of �-glucans and proteins. Samples of six hulless barley cultivar flakes with different

�-glucan (4.17–6.59%), soluble dietary fibre (18.1–32.0%) and resistant starch (0.74–10.65%)
content were boiled in water 10 min, and the obtained porridge samples were treated under in vi-

tro fementation conditions. The concentration of fermented porridge solids as well as �-glucans
and proteins was measured. The concentration of undigested solids varied from 38.3 to 61.0%
depending on barley cultivar. The concentration of protein was not significantly changed, but

�-glucan concentration was significantly decreased after in vitro digestion comparing to indigest-
ible samples.
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in barley grains (Ames et al., 2006; Izydorczyk et al.,
2014). The main proteins in barley endosperm are hordein
(35-45%) and glutelin (35–45%). Barley protein fractions
may have different functional properties due to different
molecular structures (Wang et al., 2010).

In vitro methods that simulate digestion processes are
widely used to address scientific questions like as the di-
gestibility and bioaccessibility of macronutrients like pro-
teins, carbohydrates, lipids, and micronutrients. Simulated
digestion methods typically include the oral, gastric, and
small intestinal phases, and in some cases also large intesti-
nal fermentation. In vitro methods are more rapid, less ex-
pensive, less labour intensive, and do not have ethical re-
strictions. In vitro models are useful to study digestion of
single substrates or simple meals under specific conditions
(Minekus et al., 2014).

Hulless barley is still a less studied cereals, in comparison
with hulled barley and oats. Therefore, the aim of this study
was to evaluate the fermentation characteristics of different
barley cultivar flakes in vitro and to determine the fermenta-
tion pattern of �-glucans and proteins.

MATERIAL AND METHODS

Hulless barley (Hordium vulgare L.) cultivars ‘Pihl’ (Nor-
way), ‘Gawrozs’ (Poland), ‘Kornelija’ (Latvia), ‘Irbe’ (Lat-
via), the high amylose cultivar ‘CDC Hilose’ (Canada) and
low amylose (waxy) cultivar ‘CDC Ascent’ (Canada) were
used in the study. The barley was grown at Stende (lat.
57.1412° N, long. 22.5367° E) and harvested in 2020. Har-
vested and dried grains were cleaned using a PETKUS
cleaner (Germany) with longitudinal sieves (2.2 × 20 mm).
Barley flakes were made with grain flaking equipment
MARGA Mulino (Marcato, Italy).

Chemicals used for digestion process simulation (KCl,
KH2PO4, NaHCO3, NaCl, MgCl2(H2O)6, (NH4)2CO3,
NaOH, HCl, CaCl2, bile salt, porcine pepsin (EC 3.4.23.1),
porcine trypsin (EC 3.4.21.4), bovine chymotrypsin (EC
3.4.21.1), porcine pancreatic �-amylase (EC 3.2.1.1), por-
cine pancreatic lipase (EC 3.1.1.3), porcine pancreatic
colipase (EC 259-490-1)) were purchased from Sigma-
Aldrich (Riga, Latvia).

The chemical analysis of hulless barley flakes was carried
out at the Laboratory of Grain Technology and Agricultural
Chemistry of the Institute of Agroresources and Economics.
Collected flake samples were dried at 60 °C, ground in a
mill with a 1.0 mm sieve. Protein content was determined
by the Kjeldahl method, and conversion factor 6.2 was used
for protein calculation. Lipids were extracted with petro-
leum ether (boiling range of 40–60 °C) by the Soxhlet ex-
traction method and further determined gravimetrically.
Content of starch was determined by LVS EN ISO
10520:2001 (Native starch – Determination of starch con-
tent – Ewers Polarimetric Method). Content of �-glucans
was determined according to the ICC Standard Method No.
168 using Assay kits (Megazyme Ltd, Ireland). The content

of resistant starch was determined using the Resistant starch
kit K-RSTAR (Megazyme Ltd, Ireland) according to
AOAC Official Method 2002.02; AACC Method 32-40.01.
Dietary fibre was determined by the AOAC 991.43:1994
method (Total, Soluble, and Insoluble Dietary Fibre in
Foods).

In-vitro digestion method. The experiment was carried out
to determine the effect of the simulated digestion on barley
cultivar flakes porridge using the Minekus et al., (2014)
method with some modifications. Porridge was prepared us-
ing 30 g hulless barley flakes and 120 ml water, boiling 10
minutes in a pot with a lid. Dry matter content of porridge
was determined prior to analysis. The digestive process af-
fects proteins, �-glucans, soluble and insoluble dietary fibre
and resistant starch; their content in the tested porridge sam-
ple was calculated based on the dry matter content.

The chosen simulated digestion method included gastric and
small intestinal phases and Labfors 5, INFORS HT (Bott-
mingen, Switzerland) was used for enzymatical digestion.
30 g of porridge sample was tested. The sample was mixed
with 24 ml of simulated salivary fluid (SSF) electrolyte so-
lution and with 0.15 ml of 0.3 M CaCl2 for 2 min at 37 °C,
then 55 ml of simulated gastric fluid (SGF) and 0.03 ml of
0.3 M CaCl2 were added and pH was adjusted till 2.9 ± 0.1
using 1 M HCl and 0.96 g of pepsin was added. Then the
mixture was continuously mixed at 120 rpm for 2 h at 37
°C. After gastric digestion simulation, 110 ml of simulated
intestinal fluid (SIF) and 0.24 ml of 0.3 M CaCl2 were
added and pH was adjusted till 7 ± 0.1 using 1 M NaHCO3
and then 1.01 g amylase, 0.08 g trypsin, 0.12 g chymotryp-
sin, 1.71 g lipase and 0.94 g bile salt were added. The mix-
ture was continuously mixed at 120 rpm for 2 h at 37 °C.

The intestinal digestion samples were transferred to a 500
ml beaker and placed in a thermostat at 103 °C for 12 h. Af-
ter heating, samples were chemically analysed.

Statistical analysis (mean, standard deviation, correlation)
was conducted with MS Excel 2016 and SPSS 19 software.
All analyses were made in triplicate. Differences were con-
sidered statistically significant with a confidence level p <
0.05.

RESULTS

The results of determined protein, fat, �-glucans, starch, re-
sistant starch, soluble and insoluble fibre and total sugar
content in the hulless barley cultivar grains are summarised
in Table 1.

The results showed that protein content significantly dif-
fered among cultivars (p < 0.05). The content of protein in
the samples of hulless barley grains ranged from 14.42 to
18.19 g·100 g-1, and the protein richest cultivars were ‘Pihl’
and ‘Kornelija’. The fat content of barley grains varied from
2.13 to 3.22 g·100 g-1, �-glucans varied from 4.17 to 6.59
g·100 g-1, and starch varied from 49.15 to 64.06 g·100 g-1.
The highest content of �-glucans was found in the grains of
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cultivars ‘CDC Ascent’, ‘CDC Hilose’, and ‘Gawrozs’ —
6.59 g·100 g-1; 6.19 g·100 g-1 and 6.11 g·100 g-1, respec-
tively. The highest content of resistant starch (10.65 g·100
g-1) was found in the samples of cultivar ‘CDC Hilose’. The
resistant starch content was at least four times higher than in
cultivars ‘Irbe’ and others. Soluble dietary fibre in hulless
barley grains varied from 18.1 to 32.0 g·100 g-1 and the
highest was observed in the grains of cultivar ‘Gawrozs’.
Insoluble dietary fibre content varied from 0.7 to 4.2 g·100
g-1. The highest content of insoluble dietary fibre occurred
in the samples of cultivar ‘CDC Ascent’. The content of to-
tal sugars varied from 0.8 to 1.3 g·100 g-1 and the highest
value occurred in the samples of cultivar ‘CDC Hilose’.

The content of protein, �-glucans, soluble and insoluble di-
etary fibre and resistant starch per portion of porridge (30 g)
and fermented porridge solids after in-vitro digestion are
shown in Table 2.

The protein content in porridge portion varied from 2.91 g
to 4.08 g, the highest was in the porridge made from
‘Kornelija’ cultivar flakes. �-glucan content varied from
0.97 to 1.49 g per portion and cultivar ‘CDC Ascent’ flakes
porridge was the richest in �-glucans. The highest amount
of fermented porridge solids was found in cultivar ‘Pihl’
samples. The correlations between the individual com-
pounds (proteins, �-glucans, resistant starch, soluble or in-
soluble fibre) and fermented porridge solids were calculated

with the aim to compare the impact of the examined compo-
nents on digestion process. The results (Table 2) showed
that all correlations were weak. The highest correlation
(0.340) was observed between soluble dietary fibre and di-
gested flakes solids.

The protein and �-glucan content in the digested porridge
portions is shown in Figures 1 and 2.

The content of protein after porridge digestion in vitro (Fig.
1) ranged from 2.47 to 3.83 g per portion, and the content of
�-glucans after in vitro digestion (Fig. 2) ranged from 0.04
to 0.29 g per portion.

DISCUSSION

Hulless barley cultivars analysed in this study were charac-
terised by a rather high protein content. Protein content of
cultivars ‘Pihl’ and ‘Kornelija’ exceeded 17.5 g·100 g-1,
which confirmed a significant effect of genotype on protein
variation of this trait. A previous study (Sturite et al., 2018)
study confirmed that hulless barley cultivar ‘Kornelija’ fol-
lowed by ‘Pihl’ had the highest protein content, also our
study showed that high protein content (p < 0.05) could
also be obtained from cultivars ‘Pihl’ and ‘Kornelija’.

The total protein content of barley grains was 8–13%. In
various barley grain tissues, specific types of protein occur
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Table 1. The chemical composition of different hulless barley cultivars

Traits Hulless barley cultivars

Pihl Gawrozs CDC Hilose CDC Ascent Kornelija

Mean ± SD

Moisture, % 12.03a ± 0.42 11.21a ± 0.42 9.71b ± 0.42 9.82b ± 0.43 12.05a ± 0.42

Protein, g·100 g-1 18.19a ± 0.30 14.42b ± 0.25 14.60b ± 0.31 14.59b ± 0.26 17.76a ± 0.26

Fat, g·100 g-1 2.13c ± 0.38 2.56a ± 0.38 3.22a ± 0.39 2.97a ± 0.38 2.40ab ± 0.38

�-glucans, g·100 g-1 4.98b ± 0.25 6.11a ± 0.37 6.19a ± 0.51 6.59a ± 0.27 5.61b ± 0.40

Starch, g·100 g-1 58.76a ± 0.22 58.51a ± 0.31 49.15b ± 0.22 64.06c ± 0.27 57.84d ± 0.46

Resistant starch, g·100 g-1 0.80c ± 0.12 0.39d ± 0.10 10.65a ± 3.33 0.74c ± 0.43 0.88c ± 0.30

SDF, g·100 g-1 24.1b ± 4.8 32.0a ± 6.4 28.3a ± 5.7ab 18.1c ± 3.6 23.3b ± 4.7

IDF, g·100 g-1 2.4c ± 1.0 0.7d ± 0.3 2.3c ± 0.9 4.2a ± 1.3 3.2b ± 0.8

Different letters in the same line represent statistically different results (p < 0.05).

SDF, soluble dietary fibre; IDF, insoluble dietary fibre

Table 2. Porridge composition and fermented porridge solids after simulated digestion process

Cultivar Dry matter Protein �-glucans RS1 SDF2 IDF3 FPS4

g per portion

Pihl 20.83 3.79 1.04 0.17 5.02 0.50 18.52

Gawrozs 20.19 2.91 1.23 0.08 6.46 0.14 11.70

CDC Hilose 20.11 2.94 1.24 2.14 5.69 0.46 16.92

CDC Ascent 22.57 3.29 1.49 0.17 4.09 0.95 15.76

Kornelija 22.99 4.08 1.29 0.20 5.36 0.74 15.10

Irbe 23.23 3.45 0.97 0.61 4.90 0.65 11.84

Correlation with FPS - 0.299 0.142 0.252 0.340 0.268 -

RS, resistant starch; SDF, soluble dietary fibre; IDF, insoluble dietary fibre; FPS, fermented porridge solids



at different levels (Wang et al., 2010). Barley proteins,
mainly albumin, can notably deactivate �-amylase activity
and slow starch digestibility (Yu, 2018). The interaction of
proteins with starch and the breakdown of proteins during
digestion can significantly increase the reduced starch
amount in grains.

Starch mainly consists of amylose and amylopectin. The
proportion of amylose and amylopectin vary in different ce-
reals, but in general starch consists of 25% amylose and 75
% amylopectin (Newman, Newman, 2008). “Waxy Barley”
consists of up to 100 % of amylopectin. There are also dif-
ferent cultivars that have a high content of amylose, around
40–60%. Two accessions with modified starch composition,
such as high amylose barley cultivar ‘CDC Hilose’ and low
amylose barley cultivar ‘CDC Ascent’ (Ames et al., 2006)
have higher levels of both protein and �-glucans. High
amylose barley usually has high levels of resistant starch.
Harris (2019) reported that the highest content of resistant
starch was found in cultivar ‘CDC Hilose’. The results of
our study are in line with study of Djurle et al. (2016),
where resistant starch was present in hulless barley flour
(0.9% in dry matter) of the high amylose cultivar
‘Karmose’. The levels of resistant starch in low amylose
barley and in high amylose barley cultivars were reported to
be 0.4 g·100 g-1 and 1.6 g·100 g-1, respectively (Patterson,
2020).

Some forms of starch pass through the small intestines un-
digested. The term “resistant starch” refers to dietary fibre,
which was previously known as the non-digestible compo-
nents of plant cell walls (Englyst and Cummings, 1985).
Resistant starch is a broad category that encompasses sev-
eral structurally different starches. While all of them resist
digestion by human enzymes, resistant starch has a different
effect on the microbiota (Blenner et al., 2020). Resistant
starch has the ability to attenuate acute postprandial re-
sponses when rapidly digestible carbohydrate sources are
replaced (Harris, 2019).

The content of fermented porridge solids after in vitro di-
gestion differed (Table 2), which can be explained by physi-
cal, chemical and structural differences among barley
cultivars. The size of grains determines size of flakes, and
firmness and water holding capacity of cultivars affect the
size of particles in porridge. The rate at which compounds
are digested is determined by a number of factors, including
the rate at which proteins, fats, carbohydrates leave the gas-
tric phase and become available for absorption and also by
the diffusion of released compounds occur from food matri-
ces (Khoury et al., 2012)

Since samples were not homogenised before digestion in vi-

tro, there was different enzyme exposure for each sample or
compound. The hydration properties of dietary fibre are re-
lated to the chemical structure of the polysaccharides, and
other factors such as porosity, particle size, ionic form and
strength, and in addition, the ability of dietary fibre to hold
water is strongly related to the source of the dietary fibre
(Elleuch, 2010).

We concluded that amount and composition of fermented
porridge solids were related to the amount and structure of
resistant starch, �-glucans, soluble and insoluble fibre in the
studied hulless barley cultivars. We found that each fibre
constituent had low impact on fermented porridge solids, as
shown by correlation analysis (Table 2). The strongest im-
pact on fermented amount was calculated for soluble dietary
fibre (0.340) followed by protein, insoluble dietary fibre,
and specific fibre representatives — resistant starch and
�-glucans with correlation coefficients 0.299; 0.268; 0.252,
and 0.142, respectively. The impact of soluble fibre can be
explained by their ability to form gels that delay gastric
emptying, inhibit nutrient absorption and bile acid binding;
altogether this may contribute to a decreased postprandial
glycaemic response and a reduction in body cholesterol
stores due to increased synthesis of new bile salts from cho-
lesterol in the liver (Dikeman and Fahey, 2006).

The content of �-glucans after porridge fermentation varied
among samples, as �-glucans are not homogenous com-
pounds and different cultivars have different �-glucans
composition. Since �-glucans can be soluble, and each form
of insoluble fibre is characterised by a different fermenta-
tion pattern. A previous study reported that about 95% of
oat water-extractable �-glucan was metabolised within the
first 8 h of fermentation (Brahma et al., 2017). �-glucans
are not completely released for the bioaccessibility (Mosele
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Fig. 1. The content of protein in samples before and after digestion.

Fig. 2. The content of �-glucans in samples before and after digestion.



et al., 2018), which can limit bioavailability in the upper
gastrointestinal tract as �-glucans are retained in the indi-
gested residue.

The amount of protein in fermented porridge solids (Fig. 2)
was the same as before fermentation. This can be explained
by typically low digestibility of cereal proteins due to both
external and internal factors. Examples of external factors
are physical inaccessibility, cell structures and anti-nutri-
tional factors, and some internal factors are amino acids se-
quences and crosslinking of proteins (Joye, 2019).

In addition to dietary proteins, the body also digests
50–100 g of endogenous proteins, which are excreted in the
gastrointestinal lumen. The mixture (saliva, stomach juice,
pancreatic enzymes, etc) is efficiently digested and ab-
sorbed in duodenum the first and shortest part of the small
intestine, with a loss of approximately 1.6 g of nitrogen in
the faeces each day, equivalent to 10 g of protein. Most of
the lost nitrogen is used by the colon microflora for its
growth and is therefore found in the stool as part of the bac-
terial mass (Erickson et al., 1990).

In general, this study confirmed that differences of hulless
barley cultivars in chemical composition affect digestion
and bioavailability of released nutrients in the gastrointesti-
nal tract.

CONCLUSIONS

The content of protein, �-glucans, and resistant starch, solu-
ble and insoluble dietary fibre significantly differed among
hulless barley cultivars, and in vitro digestion results con-
firmed the same tendency. The digestion and bioavailability
of released nutrients in the gastrointestinal tract are effected
by differences among hulless cultivars in its chemical com-
position.

The amount of protein after in vitro digestion was not sig-
nificantly decreased due to low digestibility of cereal pro-
tein, but the �-glucans concentration was significantly
changed compared to non-digested samples.
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KAILGRAUDU MIEÞU ÐÍIRÒU PÂRSLU FERMENTÂCIJAS IZPÇTE IN VITRO

Mieþi (Hordium vulgare L.) ir nozîmîgi pârtikâ, jo satur uzturâ svarîgos �-glikânus, olbaltumvielas, rezistento cieti, fenola savienojumus
u.c. �-glikâns pazemina holesterîna lîmeni asins plazmâ un glikçmisko indeksu, uzlabo lipîdu metabolismu, kâ arî samazina risku
saslimstîbai ar resnâs zarnas vçzi. Kailgraudu mieþu ðíirnes ir uzturvielâm bagâtâkas, piemçrotâkas uzturam, kâ arî efektîvas pârstrâdei, jo
nepiecieðama tikai minimâla pirmapstrâde. Vairâki pçtîjumi apliecina, ka kailgraudu mieþiem ir augstâka sagremojamîba, tajos ir lielâks
olbaltumvielu saturs, salîdzinot ar plçkðòu mieþiem. Lai gan daþâdâm ðíirnçm ir unikâls sastâvs un fizikâlâs îpaðîbas, kailgraudu mieþi
joprojâm ir maz pçtîti. Ðî pçtîjuma mçríis bija novçrtçt daþâdu kailgraudu mieþu ðíiròu pârslu fermentâciju in vitro un analizçt mieþu
�-glikânu un olbaltumvielu sagremojamîbu. Pçtîjumam tika sagatavotas seðu kailgraudu mieþu ðíiròu pârslas ar atðíirîgu �-glikânu
(4,17–6,59%), ðíîstoðo ðíiedrvielu (18,1–32,0%) un rezistentâs cietes (0,74–10,65%) saturu. Pârslas vârîtas 10 minûtes ûdenî bez sâls,
iegûstot biezputru paraugus, kas izmantoti tâlâkai fermentâcijai in vitro. Paraugiem pçc fermentâcijas tika noteikts sausnas saturs, arî
�-glikânu un olbaltumvielu saturs sausnâ. Nesagremotâs sausnas saturs bûtiski atðíîrâs daþâdu mieþu ðíiròu pârslu paraugos, tas svârstîjâs
no 30,3 lîdz 61,0%. Savukârt olbaltumvielu saturâ bûtiskas atðíirîbas netika konstatçtas, ievçrtçjot mieþu olbaltumvielu sagremoðanas
îpatnîbas gremoðanas fermentu ietekmç. Ievçrojami atðíîrâs �-glikânu saturs, apstiprinot ðíîstoðâs frakcijas lielâku îpatsvaru mieþu
paraugos.
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