OPUT'MHAJIBHASA CTATBA « ORIGINAL ARTICLE

STUDYING AND UTILIZATION
OF PLANT GENETIC RESOURCES

Original article
UDC 633.16:581.192
DOI: 10.30901/2227-8834-2023-4-45-52 @)y |

Weight method for determination of soluble -glucans in barley grain

Vitaliy S. Popov, Alexey V. Konarey, Olga N. Kovaleva, Nina G. Konkova, Valentina I. Khoreva
N. 1. Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg, Russia

Corresponding author: Vitaliy S. Popov, v.popov@vir.nw.ru

Background. Barley (Hordeum vulgare L.) is an important source of nutrients, such as starch, protein, and various dietary fi-
bers. f-Glucans are soluble fibers found in high amounts in oat and barley grain, so they are becoming increasingly interesting
due to their numerous functional and bioactive properties. The increased interest in -glucans as a dietary supplement and
a functional component of food calls for a convenient, inexpensive and affordable method for quantitative determination of
these compounds.

Materials and methods. An overview is given on the existing techniques for determining and isolating -glucans in cereals:
IR spectroscopy, enzymatic, colorimetric, and alkaline-enzymatic methods. Their advantages and disadvantages are shown. The
disadvantages of the methods considered include high costs of reagents and equipment, duration of performance, and labor
intensity.

Results. This study promotes the weight method for isolation and quantitative determination of f-glucans in the grain of cove-
red and naked barley. It is based on the modified alkaline method adapted to barley; we developed it earlier for oat grain. The
amount of S-glucans in the grain of the studied barley accessions ranged from 4.12+0.23% to 5.34 + 0.31% for naked cultivars,
and from 3.57 + 0.18% to 4.29 + 0.32% for covered ones.

Conclusion. Based on the conducted research, optimal conditions for the isolation and quantitative determination of -glucans
from barley grain were selected: centrifugation modes, temperature and extraction ratio, concentration of compounds, precipi-
tation and drying procedures. The main advantage of the described method is its accessibility and practical applicability when
conducting mass analysis, including studying a collection of cereal crops.
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BecoBoii MeTO onipeAeieHUs pAaCTBOPUMBIX [3-T/IDKAHOB
B 3€epHe A4YMeHs
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Asmop, omeemcmeeHHbll 3a nepenucky: Butanuii Cepreesud [lonos, v.popov@vir.nw.ru

AxTyanbHOCTb. lumenb (Hordeum vulgare L.) siBasieTCs BaXKHbIM HCTOYHHUKOM MU TATEIbHBIX BELIECTB, TAKUX KaK KpaxmalJ,
0eJIOK U pa3/InyHble NMUIEeBble BOJIOKHA. [3-[JTF0KaHbI PEICTABJSIOT CO60M pacTBOPHMbIe BOJIOKHA, B OOJIBIIIOM KOJIMYECTBE
NPHUCYTCTBYIOIIME B 3epHOBKAX OBCA U STUMEHS]; OHU BbI3BIBAIOT BCe OOJIBIIMHK UHTEPEC 61arofapsi CBOUM GYHKIMOHATbHBIM
Y GMOJIOTHYECKH aKTUBHBIM CBOMCTBAaM. B CBSI3U C MOBBIIIEHHBIM UHTEPECOM K 3-TJIFOKaHaM KaK K OMOJIOTHYeCKH aKTUBHOU
no6aBKe U QYHKIIMOHAJIbHOMY KOMIIOHEHTY IHIIM CYL[eCTBYET MOTPEOHOCTh B yI0GHOM, HEJJOPOTOM U JIOCTYITHOM METOZEe
KOJINYEeCTBEHHOTO OTpe/ie/IeHUs JAHHBIX BEIECTB.

MaTepuaJjibl U METOAbL. B cTaThe NPUBOAUTCS 0630p CYLIECTBYIOUUX METOJO0B OINpe/ieJIeH s U CIIOCOG0B BblieIeHUs 3-TJI0-
KaHOB M3 3epHOBBIX KynbTyp: UK-cekTpockonus, ¢epMeHTaTUBHBIN, KOJOPUMETPUIECKUH, 11eJ09HO-PepMeHTaTHBHBIH.
[TokazaHbl UX JOCTOMHCTBA U HeJOCTAaTKH. Cpe/i HeJJOCTAaTKOB PAaCCMOTPEHHbBIX METO/[0B HEOOXOZMMO OTMETHUTD BBICOKYIO
CTOMMOCTb PEaKTHUBOB U 000PY/I0BaHUS, IJTUTEJbHOCTh BBINIOJTHEHHUS, TPY/0EMKOCTD.

Pe3syabTaThl. B 1aHHOM Hcciej0BaHUN MPUBOAMUTCSA pa3paboTKa BECOBOTO MeTO/A [Jisi BblJleJIeHHUs] W KOJIUYECTBEHHOTO
onpe/iesieHUs 3-IVIIOKAaHOB B 3epHE MJIEHYATOTO W T'OJIO3EPHOT0 sTYMeHsI. 32 OCHOBY B3AT MOAUGUIIMPOBAHHBIA U aIalITUPO-
BAaHHBIH JJI5 TYMEHS 11eJI09YHON MeTO/I, pa3paboTaHHBIA HAMU paHee JJIsl OBCSIHOTO 3epHa. KosmmdecTBo [3-I/1I0KaHOB B 3epHE
HCCIeJOBAaHHBIX 00pa3IoB suMeHs cocTaBuso oT 4,12 + 0,23% gm0 5,34 £ 0,31% aJ14 rosio3epHbIX copToB U oT 3,57 + 0,18%
10 4,29 £ 0,32 % A5 JIeHYaThIX.

3ak/roueHue. Ha ocHOBe MpoBeIeHHOTO UCCJIeI0BAaHKSA MOA06PpaHbl O TUMAJIbHbIE YCIOBHS BblJleJIeHUsS] U KOJTUYECTBEHHO-
ro onpejiesieHUs B-IIFOKAaHOB B 3epHE STUMEHs: yCTAHOBJIEHBI PEXKHUMbI LIeHTPUPYTUPOBAHUS, TEMIIEPATypa U COOTHOLIEHNUE
3KCTPArupymIiux BelecTB, UX KOHIIEHTPAIUs, MOPAN0K OCaXKJAeHHs U CylKU. OCHOBHBIM PEUMYIECTBOM OMHUCAHHOTO Me-
TO/1a IBJISIETCS €r0 AOCTYIMHOCTh U MPAKTUYHOCTh NPU POBEIEHUH MAaCcCOBOTO aHAJIM3a, B TOM YHCJIe IPU U3yYeHUH KOJIJIEK-
I[UU 3€PHOBBIX KYJIBTYP.

Kawouesvie caoea: B-rnwokansl, Hordeum vulgare L., HeKpaxMasbHbIe [OJMCAXapU/ibl, FOJI03ePHBIM SUYMeHb, IIJIEHYAThIN f4-
MeHb, IIeJIOYHOW MeTOJ

baazodapHocmu: cTaTbsl NMOATOTOBJEHA NPU NOAAepXKKe MUHHCTEPCTBA HAyKH U BeIcuiero o6pasoBaHus PO B cooTBeT-
cTBUM c coryiamenreM Ne 075-15-2020-911 ot 16.11.2020 o npepocTaBJeHUU IpaHTa B BUAE CyOCUANN U3 delepasbHOrO
6romKera PO. 'panT npejocTaBiieH /s rocy4apCTBEHHON NMOAAEPXKKH CO3JaHUsI U pa3BUTHA HaydyHoro neHTpa MUpOBOTO
YPOBHS «ArpOTEXHOJIOTUH OYAYLIErO».
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Introduction

Barley (Hordeum vulgare L.) is considered a valuable food,
fodder, and industrial crop. In recent years, this cereal has
been recognized as a rich source of various functional ingre-
dients due to its high content of fiber, minerals, and antioxi-
dants, and its ability to have a beneficial effect on consumer
health and reduce the risk of various diseases (Shewry et al.,
2009).

There are opportunities to expand the application range
of barley grain through the development of cultivars with new
grain characteristics for the processing industry. It is possible
due to the donors and genetic sources, indirect and direct
methods for evaluating grain material for the breeding of bar-
ley cultivars with the following properties: high protein con-
tent (Kovaleva etal, 2017); low gluten content (the first
highly productive cultivars have been obtained, which would
diversify the diet of patients with celiac disease); high activity
of phytinases or low phytin content; a high level of anthocya-
nidins (for example, with purple grain color); decreased or in-
creased content of S-glucans (Konarev et al.,, 2019).

Beta-glucans ([1,3;1,4]-f-D-glucans) belong to the class
of indigestible polysaccharides contained in cereals, yeast,
bacteria, algae and fungi (Wood, Beer, 1998). The beneficial
role of f-glucans in insulin resistance, hypertension, obe-
sity, and dyslipidemia has been proven (Wood, 2010; Re-
gand et al, 2011). The ability of f-glucans to form highly vis-
cous solutions in the intestine is the basis of their health
benefits. These compounds contribute to the nutrition and
growth of intestinal bacteria that synthesize vitamins, en-
zymes, and other compounds. The physiological effects of
B-glucans are mainly explained by their physicochemical
and structural characteristics (Bechtel et al., 2009; Regand
etal,, 2011; Chang etal., 2013; Harland, 2014; Krasilnikov
etal,, 2014).

Along with other insoluble dietary fibers (lignin, fiber,
hemicelluloses, etc.), insoluble $-glucans are not exposed to
digestive enzymes, and therefore they are not broken down
and are not absorbed by the body (Dikeman, Fahey, 2006).
Aresearch study (GajdoSova etal., 2007) showed that the
content of soluble (the most valuable) glucans decreased in
the following order: barley (3.75-7.96% DW) > naked oats
(3.91-7.47%) > covered oats (1.97-4.09%), while the con-
tent of insoluble glucans in covered oat forms (33.73 -
13.79%) > barley (10.89 - 21.70%) > naked oats (5.15 -
10.80%).

Cereals are a valuable source of glucans and thus they can
satisfy the first and decisive condition of their use - nutri-
tional supplements and ingredients to functional foods. In ad-
dition, no side effects have been reported for humans after
consuming a diet rich in f-glucans from oatmeal, or barley
flour, or their extracts. At the same time, there are antinutri-
tional properties in feed grains, and it needs to be heeded by
feed producers (Faure et al.,, 2015; Loskutov, Polonskiy, 2017).
In addition, for brewing technology, it is necessary that malt
(wort) contained as few (-glucans as possible, since they con-
tribute to an increase in the viscosity of wort and beer, reduc-
ing output and filterability.

Such facts indicate the importance of the quantitative de-
termination of S-glucans in various grain raw materials. How-
ever, separation and determination of pure S-glucan is a com-
plex and expensive process since in cereals they are present
in the bound form and concentrated mainly in the aleurone
and subaleurone layers, which also contain starch, proteins
and lipids that interfere with their determination (Bechtel
etal, 2009).

The objective of the study was to develop an affordable and
inexpensive method for quantitative assessment of -glucans
in the grain of naked and covered barleys for mass analysis.

Materials and methods

A number of methods for the quantitative determination
of glucans are discussed in publications. The most widely
used is the biophysical enzymatic method using lichenase and
B-glucosidase (McCleary, Codd, 1991; Lee etal., 1997). How-
ever, this method is considered time-consuming and requires
many operations. In addition, the cost of a set of reagents sup-
plied by Megazyme can be quite significant if you need to an-
alyze alarge number of samples, which is not always conve-
nient for everyday and frequent analyses. At the moment, the
availability of imported reagents supplied by foreign compa-
nies is also an important factor.

There is a method for photometric determination of 5-glu-
cans using the fluorescent brightening agent calcofluor white.
The method is based on the formation of a complex of -glu-
cans with a dye, subsequent photometric measurement of the
optical density of the modified liquid phase, and subsequent
determination of the concentration of S-glucans (Tikanoja
etal, 2014).

Currently, the potential of the method in the near-infrared
region for the determination of $-glucans in various cereals is
being studied; it is considered as fast, accurate, and cost-effec-
tive. However, this technique requires device tuning, and pre-
liminary construction of calibration curves obtained on
alarge volume of material using classical analysis methods
(Blakeney, Flinn, 2005).

Another interesting method is the extraction of §-glucans
from grain by alkaline and two-stage alkaline-enzymatic
methods. In published sources (Salomatov, 2015; Gematdi-
nova etal, 2017), the main stages of the alkaline extraction
method were studied. However, the proposed methods have
anumber of disadvantages associated with the duration of
the procedure and the lack of a possibility to accurately deter-
mine S-glucans due to the presence of accompanying com-
pounds. These methods are mainly intended for the isolation,
purification and concentration of glucans, which can then be
used as a dietary supplement.

In our study, we used a modified alkaline method for oat
grain based on the previously developed technique (Popov
etal, 2021), since each crop has its own characteristics and
requires appropriate adaptation and specific extraction
modes. The time of the experiment and the number of opera-
tions are reduced, while the yield and purity of the final prod-
uct are increased, which makes it possible to quantify the glu-
cans in barley grain.

The results were compared with the data obtained on the
same barley accessions by the arbitration enzymatic method
AOAC 995.16 and ICC Standard Method No. 168 for -glucans
(Megazyme) (Polonskiy et al,, 2021). The developed method
was tested on naked and covered barley cultivars (Table 1).

Devices and materials used for the determination of 5-glu-
cans:

- acentrifuge for large volumes with cooling SL16R,
Thermo FS or similar;

- a pH meter, ANION-4100 or similar;

- alaboratory mill, LMT-1 or similar;

- reagents: hydrochloric acid (chemically pure CP); so-
dium hydroxide (CP); phosphoric acid (CP); ethyl alcohol
(cP).

Flour was obtained by direct grinding of whole barley
grain (naked) and with husks (for covered cultivars).
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Table 1. Description of the accessions used in the study

Ta6smna 1. XapakTepucTUKa 06pa3LoB HCI0/Ib3yeMBbIX B MCC/Ie40BAHUU

Accession name VIR Type . .
(Hordeum vulgare L.) catalogue No. of grain Variety Origin
Korona Laschego 27471 celeste Poland
Nudum 7566 29453 nudum Kyrgyzstan
Naked
Omsky Golozerny 1 30919 nudum Omsk Province
Nudum 95 31125 nudum Chelyabinsk Province
Mayak 29622 nutans Krasnoyarsk Territory
Acha 30243 nutans Novosibirsk Province
Covered
Zolotnik 30845 medicum Altai Territory
Biom 30984 nutans Novosibirsk Province

Results and discussion

The weight method for determining f-glucans in barley
grain includes sequential step-by-step separation of related
compounds from flour samples (protein, starch, sugars, and
nonstarch polysaccharides), isolation of -glucans with alco-
hol, drying them to a constant mass followed by weighing and
determination of the percentage content in flour with further
conversion to dry matter.

Stages of quantitative determination of f-glucans in barley:

1. Preground barley (whole flour) was weighed in plastic
centrifuge tubes, treated with 50% ethyl alcohol in a ratio of
1:10 (m/v) to extract free sugars, part of proteins, lipids, and
other substances. Extraction was carried out at a temperature
of 60°C for 20 minutes, which also contributes to the inactiva-
tion of fB-glucanase, which destroys glucans (Skendi etal,
2003). Then the suspension was centrifuged at a rotation
speed of 5 thousand rpm for 10 minutes and a temperature of
+20°C. Thereafter, the ethyl alcohol was drained and the re-
sulting precipitate was used for further research.

2. The release of S-glucans from the flour endosperm and
aleurone layer was carried out in an alkaline solution by hold-
ing the precipitate in the same test tubes in a 5% sodium hy-
droxide solution at a ratio of 1:20 (m/v) and a temperature of
45°C for 60 minutes. For better mixing and lump formation
prevention the precipitate must first be dissolved in a small

amount of an alkali solution, carefully kneading the lumps
formed with a glass stick. The suspension was stirred every
10 minutes.

3. Then the alkaline extract was neutralized with concen-
trated hydrochloric acid in centrifuge tubes to pH 2.0..3.0
controlling the acidity using a pH meter or litmus test. The
mixture was thoroughly mixed until a homogeneous milky
white color. The acidic environment further contributes to the
formation of a dense precipitate consisting of protein sub-
stances and polysaccharides, and a better separation and
transition of f-glucans into the supernatant.

4. Phosphotungstic acid (10%) was added to the resulting
solution in a ratio of 1:1.5 (m/v), mixed, and centrifuged with
cooling in the same tubes at a rotation speed of 10,000 rpm
for 20 minutes and a temperature of +10°C. Phosphotungstic
acid contributes to the formation of a dense precipitate, more
complete precipitation of protein and polysaccharides, while
simple sugars, amino acids and f-glucans remain in the su-
pernatant (Fig. 1).

5. Beta-glucans were isolated from the pellet by adding
a 2-fold volume of 96% ethyl alcohol and holding the mixture
for 30 minutes at a temperature of +20°C (Fig. 2). For better
mixing, the pellet from centrifuge tubes was poured into ethyl
alcohol measured in measuring cylinders by 50 or 100 cm?.

6. After the fS-glucan fibers surfaced, they were extracted
and placed in predried and weighed porcelain cups and dried

Fig. 1. A precipitate consisting of insoluble fiber, protein, and starch

Puc. 1. OcapoK, cOCTOAIMIT M3 HePaCTBOPHMBbIX BOJIOKOH, 6e/IKa M KpaxMaJia
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Fig. 2. The stages of the surfacing of -glucans fibers in ethanol

Puc. 2. 3Tanbl BCIJILITUA BOJIOKOH (3-IIIOKaHOB B 3TaHOJIe

Fig. 3. Beta-glucan fibers before (left) and after (right) drying

Puc. 3. BosiokHa 3-m110KaHOB 0 (c/1eBa) U nocJie (cnpaBa) BbICyIIMBaHUSA

at a temperature of 75°C to a constant mass (Fig. 3). The pre-
cipitate containing sugars, oligosaccharides and other frac-
tions was not taken into account.

7. The quantitative content of f-glucans in terms of dry
flour weight (x, %) was calculated by the formula:

(m, —m,)-100-100

b

X =
m:-c
where
m, is the mass of the porcelain cup with dried -glucans, g;
m, is the mass of the porcelain cup, g;
m is the mass of the flour sample, g;
c is the dry matter content in the flour sample, %.

The dry matter content of flour was determined by
amethod based on weighing a part of the grinded medium
sample before and after drying to a constant mass at a tem-
perature of 100-102°C (Ermakov, 1987).

The obtained f-glucans were tested for the presence of
impurities and compared with barley accessions with
a known content of soluble glucans determined by the stan-
dard enzymatic method (Table 2). A qualitative reaction to
starch with Lugol’s reagent did not reveal a characteristic
blue color, nitrogenous substances investigated by the Kjel-
dahl method were also not detected.

As seen in Table 2, the content of glucans according to
the developed gravimetric method ranged from 4.12 +
0.23% to 5.34 + 0.31% for naked barley cultivars and from
3.57 £ 0.18% to 4.29 + 0.32% for covered barley cultivars,
which is comparable to the data obtained by the standard
enzymatic method.

Thus, the developed weight method for determining
B-glucans in barley grain provides direct isolation of S-glu-
cans from samples, purification from various accompanying
substances, and calculation of the percentage content of the
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Table 2. Beta-glucans in barley accessions

Ta6smmna 2. beTa-I/il0KaHbl B 06pa3nax s4MeHs

B-glucans (DW), % Difference
Tvpe of grain VIR catalogue Standard method.
yp g No. Weight Average data for 3 years*
Abs. %
method
Cv
K-27471 4.12+0.23 3.81 8.7 +0.31 8.1
K-29453 4.44+0.19 4.27 14.4 +0.17 4.0
Naked
k-30919 4.55+0.12 4.30 10.1 +0.25 5.8
K-31125 5.34+0.31 5.21 4.9 +0.13 2.5
K-29622 3.57+0.18 3.43 7.0 +0.14 4.1
k-30243 4.17+0.08 451 10.4 -0.34 8.2
Covered
k-30845 4.29+0.32 438 14.7 -0.09 2.1
k-30984 3.70+0.24 3.89 14.0 -0.19 5.1

Note: * - standard method for -glucans (Polonskiy, 2021)

[IprMeyaHue: * - craHAapTHBIN MeTo/, 14 B-rtokaHoB (Polonskiy, 2021)

Conclusion

Published data on the quantity of S-glucans in the grains
of different crops vary greatly and exhibit significant interva-
rietal differences. The quantitative content of fS-glucans in
barley ranges from 3 to 11%, in oats from 1.8 to 7.5%, in rye
from 1 to 2%, and in wheat < 1%, while trace amounts are
found in other types of grains (Loskutov, Polonskiy, 2017).
Considering such a significant varietal range of variability in
the content of glucans in different crops, it is necessary to
study the genetic diversity of cereals and cereal crops in order
to isolate accessions (sources) for different directions in
breeding, particularly for use in feed production, food, and
brewing industries.

The proposed method for determining f-glucans from
barley grain can be successfully used to analyze naked and
covered cultivars during screening. The advantages of the
method include the availability of the reagents and equip-
ment, as well as insignificant time costs for preparation and
performance of the analysis. It should be noted separately
that the method provides an opportunity of quantitative de-
termination of the product obtained, thanks to the virtually
complete absence of accompanying impurities.

When studying a cereal gene pool, particularly barley as
a crop characterized by high quantitative content of glucans,
this method can be useful for constructing calibration curves
using near infrared spectroscopy, which would help to pre-
serve valuable breeding material and possibly lead to the dis-
covery of new, highly specialized and versatile uses of these
crops in food industry. This will contribute to the develop-
ment of commercial barley cultivars for feed and food produc-
tion (Zhu et al., 2016).
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