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Background and Objective. Qingke (Tibetan hulless barley, Hordeum vulgare L.) contains a high content of β-glucan among all the
cereal varieties. Although β-glucan has multiple physiological functions, the physiological function of qingke β-glucan was few
studied. In this study, the β-glucan was isolated, purified, determined the structural characterization, and measured the
inhibitory activity to enzymes correlating blood sugar and lipid. Methods. β-Glucan was isolated from enzymatic aqueous
extract of qingke by using deproteinization, decolorization, DEAE-52 column chromatography, and sepharose CL-4B agarose
gel column chromatography. The structure of the β-glucan was determined using FT-IR and 13C-NMR spectra analysis, and
molecular mass by use of HPSEC-dRI-LS. The kinematic viscosity was measured. The inhibitory effects of this β-glucan on
four enzymes were investigated. Results. This β-glucan had a uniform molecular weight of 201,000Da with β-(1⟶4) as the
main chain and β-(1⟶3) as a side chain. The β-glucan presented a relatively strong inhibitory activity on α-glucosidase,
moderate inhibition on invertase, and a weak inhibition on α-amylase, whereas it did not inhibit lipase. Conclusion. The study
indicates that the enzymatic β-glucan from qingke has the potential as natural auxiliary hypoglycemic additives in functional
medicine or foods.

1. Introduction

Hull-less barley is a kind of cultivated barley variety widely
spreading over highland areas throughout the world. As the
husk covering the palea and lemma is fell off during the har-
vest, it is also known as naked barley. Hull-less barley is the
main grain source for the local population in cold regions
such as countries in the Himalayas and North Africa [1].

Qingke (Tibetan hulless barley, Hordeum vulgare L.) is one
of the hull-less barleys that distributes in the highland areas
of China (Qinghai-Tibet plateau, Yunnan and Sichuan prov-
ince). Over the past decade, it is gradually becoming to notice
that qingke is healthy and can be used as a functional food.

It is prominent that qingke has a high content of β-glu-
can in cereal crops [2, 3]. β-Glucan of qingke is an
unbranched polysaccharides consisting of β-D-
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glucopyranose units linked through (1⟶4, 1⟶3) glyco-
sidic bonds. The cereal β-glucan is a kind of dietary fiber that
supports plant cell wall and possesses a number of function-
alities, which include lowering blood cholesterol level,
decreasing insulin level, and attenuating postprandial blood
sugar [4, 5]. The β-glucan of qingke has been studied to show
some activities in vivo and in vitro. The β-glucan extract from
qingke showed obviously prebiotic characteristics [6]. It
could effectively reduce the risk of arterial sclerosis via
decreasing the serum glucose, serum lipid, and insulin resis-
tance [7]. The enzymatic β-glucan extract of qingke has aux-
iliary hypoglycemic function on mice [8]. The chemical
modification of purified β-glucan is helpful for improving
the inhibition of the lipase in vitro, as published by Guo
et al. [9–11]. However, up to now, no systematic study has
been done on the activities of the purified β-glucan from
qingke on the direct inhibitory activity against glycosidases
relating to serum glucose. The glycosidases, such as α-gluco-
sidase, α-amylase, and invertase, can hydrolyze polysaccha-
rides to increase the blood sugar [12]. The inhibition to the
digestive enzymes (glycosidases and lipase) might contribute
to the health caring and therapy for hyperglycemia and
hyperlipidemia. In our previous studies, qingke β-glucan
was enzymatically extracted with the aim of broadening its
application [8]. And the biological activity of the enzymatic
β-glucan was not investigated. In this study, we set out to
separate and purify the enzymatic β-glucan from qingke,
then to explore the structural characterization and bio-activ-
ities, of the purified β-glucan, on digestive enzymes account-
ing for increasing glucose and lipid. It may be helpful to
expand the application of qingke β-glucan.

2. Materials and Methods

2.1. Materials and Reagents. The enzymatic β-glucan crude
extract of qingke was obtained from Jing Brand Chizheng-
tang Pharmaceutical Co., Ltd. All the chemical reagents were
analytical grade and purchased from Sinopharm Group Co.
Ltd (China). α-Amylase (EC number 3.2.1.1), invertase (EC
number 3.2.1.26), and α-glucosidase (EC number 3.2.1.20)
were purchased from Sigma (USA) with the catalog number
of A3176, I4504, and G5003, respectively. The lipase (CAS
number 9001-62-1) was purchased from Sinopharm Group
Co. Ltd. with a catalog number of 64005761. The positive
compound of acarbose was purchased from the BAYER
(Germany). The compound of orlistat (catalog number
O4139), p-nitrophenyl glucopyranoside (catalog number
877250), and p-nitrophenol (catalog number N2752) were
purchased from Sigma. The soluble starch (catalog number
10021318), sucrose (catalog number 10021487), and 3,5-
dinitrosalicylic acid (catalog number 30073424) were pur-
chased from Sinopharm Group Co. Ltd.

2.2. Isolation and Purification of β-Glucan from Qingke. The
enzymatic β-glucan crude extract of qingke was prepared as
described previously [8]. The subsequent separation and
purification process referred literature method [13, 14] and
included four main steps: deproteinization, decolorization,
DEAE-52 column chromatography, and sepharose CL-4B
agarose gel column chromatography (Figure 1). Chloroform
and n-butanol were mixed with a volume ratio of 4 : 1. Then
the mixture was added into the enzymatic β-glucan solution
with a volume ratio of 1 : 4, followed with shaking vigorously

�e enzymatic 𝛽-glucan extract of qingke

Sevag deproteinization
extraction by chloroform / n-butanol

(crude polysaccharide solution / mixture
of chloroform and n-butanol = 4:1) 

Filtration
(filter out the protein at the junction of

the two phases and extract the upper
dextran solution)

Discoloration
(deproteinized dextran solution + 5%

HP-20 macroporous resin (v/g)) at 60 °C
pH4 for 80 min

Centrifugation
(5000 g ⨯ 20 min)

Supernatant
(precipitated twice with 95% ethanol)

(1:5 v/v )
�e dissolved

precipitate by water
Separation

(DEAE-52 cellulose column
chromatography / eluted with pure water 

Freeze-drying
(detect dextran content by use of

anthrone-sulfuric acid method and
combine high content fractions) 

Purification
(sepharose CL-4B agarose gel column

chromatography / eluted with pure water) 

Freeze-drying
(detect dextran content by use of

 anthrone-sulfuric acid method and
combine high content fractions) 

Pure 𝛽-glucan of qingke 

Figure 1: Extraction–purification scheme of β-glucan prepared from qingke (Tibetan Hulless Barley).
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for 20min and centrifugation. The denatured protein layer at
the junction of the aqueous phase and the organic phase was
removed by filtration. The upper aqueous solution was mixed
with HP-20 macroporous resin in the ratio of 20 : 1 (v/g),
followed with stirring evenly, pH adjustment to 4.0, and
then standing for 80min at 60°C. The mixture was centri-
fuged to collect the supernatant for 20min at 5000 r/min
to obtain the decolored β-glucan solution. The supernatant
was added with 5 times volume of 95% ethanol for precip-
itation overnight and then was centrifuged for 20min at
9000 r/min to collect the precipitate. The precipitation and
centrifugation were repeated twice. The dissolved precipi-
tated by water was eluted using DEAE-52 cellulose column
chromatography with pure water. Throughout the elution,
the UV detector (SPD-10A, Shimadzu, Japan) connecting
with the fraction collector was used to detect the protein pro-
file of the eluent at 280nm wavelength. The sugar concentra-
tions of the eluent in each tube were measured by the
anthrone-sulfuric acid method at 620nm wavelength [15].
The main sugar-containing fractions of the eluent were har-
vested, combined, and lyophilized by freeze-drying. The
redissolved sugar-containing fraction was then purified by
sepharose CL-4B agarose gel column chromatography and
eluted with pure water. The eluents were measured by the
anthrone-sulfuric acid method at 620nm wavelength to track
the sugar concentrations. Then, the sugar-containing frac-
tions were also harvested, combined, and lyophilized by
freeze-drying to obtain the purified enzymatic β-glucan from
qingke (EGQK).

2.3. Viscosity. EGQK solution was prepared by dispersing the
EGQK in deionized water at a concentration of 0.1%. Then,
the Ubbelohde capillary viscosimeter was used to determine
the kinematic viscosity (v) based on a previously reported
method [16]. Time of suspension flow was taken from 5mea-
surements as average, and the kinematic viscosity was calcu-
lated from the equation:

Kinematic viscosity mm2 · sec−1
� �

= capillary constant mm2 · sec−2
� �

× average flow time secð Þ
ð1Þ

2.4. Molecular Mass Analysis of EGQK. The molecular weight
distribution of EGQK was obtained on high-performance
size-exclusion chromatography (HPSEC) using the column
(Shodex SB-803 HQ, Showa Denko K.K., Japan) [17]. Sam-
ples were filtered through a syringe filter (0.45μm pore),
and 20μl filtrate was injected into the HPSEC column. The
column was eluted with 0.15M NaNO3 with a flow rate of
0.6ml/min, with a laser scattering detector (Wyatt dawn
heleos-II, Wyatt DAWN Technology, USA) (LS) and refrac-
tive index detector (Optilab T-rEX, Wyatt DAWN Technol-
ogy, USA) (dRI).

2.5. Fourier-Transform Infrared Spectroscopy (FT-IR)
Spectrum of EGQK Analysis. The FT-IR spectrum of EGQK
was recorded on a Bruker Vector 22 spectrometer (Bruker
Optik GmbH, Germany) using KBr pellets.

2.6. 13C-NMR Spectrum Analysis of the Monosaccharide
Composition of EGQK. The sample of EGQK (30mg) was
dissolved in 1.0ml D2O (99.9 at% D) for NMR analysis.
The 13C NMR spectrum was obtained at 298K on a Bruker
DRX-600 NMR spectrometer (Bruker BioSpin GmbH, Ger-
many) with TMS as an internal standard. MestReNova soft-
ware (6.1.1.2.2.4) was used to count the data.

2.7. In Vitro Enzyme Inhibition Assays

2.7.1. Inhibition to α-Amylase and Invertase. The activity
inhibition assays to α-amylase and invertase were measured
by 3,5-dinitrosalicylic acid (DNS) [18]. The EGQK sample
or positive control compound (acarbose) was added to the
enzyme solution and then incubated for 10min at 37°C or
55°C in α-amylase and invertase assay, respectively. The sub-
strate solution was added to each tube, and then the reaction
was carried out at 37°C for 20min. Each tube was added with
800μl and 600μl DNS solution for α-amylase and invertase
assay, respectively. And then, the tube was heated at 100°C
for 5min. 800μl solution in each tube was transferred to
the well of the 24-well plate, and the OD value was read at
540 nm.

2.7.2. Inhibition to α-Glucosidase Assay. The assay of activity
inhibition to α-glucosidase was measured by p-nitrophenyl
glucopyranoside (pNPG) [19]. In 96-well plate, the EGQK
sample or acarbose was added to the enzyme solution and
then incubated for 5min at 37°C. Each well was added with
20μl of 2.5mM pNPG solution, and then heated at 37°C
for 30min. Each well was added with 80μl of 0.2M Na2CO3
stop solution, and then the OD value was read at 405nm.

2.7.3. Inhibition to Lipase Assay. The activity inhibition to
lipase was measured by p-nitrophenol (p-NPP) [20]. The
EGQK sample or orlistat was added to the lipase solution
and then incubated for 10min at 37°C. Each tube was added
with 0.3mg/ml p-NPP solution and then incubated at 37°C
for 30min. Each tube was added with 300μl of 10% trichlo-
roacetic acid (TCA), followed with 300μl of 10% Na2CO3
stop solution. 1500μl solution in each tube was transferred
to the well of the 24-well plate, and the OD value was
read at 405nm. The parameters of the indicating enzyme
inhibition assay were shown in Table 1. The enzymatic
inhibitory activity was exhibited as inhibition % and was
calculated as follows:

Inhibition %ð Þ = ODsample −ODnegtive control
ODpositive control −ODnegtive control
× 100%

ð2Þ

3. Results

3.1. The Preparation Result of EGQK. The elution curve of
crude β-glucan by DEAE-52 cellulose column chromatogra-
phy was shown in Figure 2. The elution peaks appeared in the
16-48 tubes, 64-78 tubes, and 96-106 tubes. The content of
protein impurity was less, only appearing in the 66-84 tubes
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with a weak absorbance and elution peak. The main sugar-
containing fractions presenting in 16-48 tubes were com-
bined and further purified to obtain EGQK. Figure 3 showed
the elution curve of EGQK by sepharose CL-4B agarose gel
column chromatography, suggesting that EGQK had a uni-
form molecular weight. As the β-glucan was extracted and
purified using this procedure, 22.8-gram β-glucan could be
prepared from 1-kilogram qingke dry powder.

3.2. The Appearance and Viscosity of EGQK. EGQK showed
the appearance of a light yellow powder (Figure 4). The kine-
matic viscosity of 0.1% solution of EGQK was 1.87mm2·sec-1.

3.3. Molecular Mass of EGQK. As shown in Figure 5, the
HPSEC profile of EGQK was a single peak, indicating a uni-
form molecular weight. The molecular mass of EGQK was
further analyzed and calculated by Astra software. It showed
that the distribution range of the EGQK molecular weight
was 201,000Da (±1.323%), and the dispersion coefficient
(Mw/Mn) was 1.525 (±2.107%).

3.4. FT-IR Characterization of EGQK. The FT-IR of EGQK
(Figure 6) was assigned according to a previous report [21,
22]. Its spectral analysis revealed a wide band at 3500~
3200 cm-1 representing hydroxyl stretching vibration absorp-
tion, whereas a band at 1655 cm-1 representing its bending
vibration absorption peak. Weak absorptions at 2800~
2950 cm-1 and 1350~1300 cm-1 indicated the bend and
stretching vibration of a C-H. The deformation absorption
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Figure 2: The elution curve of crude β-glucan by DEAE-52
cellulose column chromatography.
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Figure 3: The elution curve of β-glucan by sepharose CL-4B
agarose gel column chromatography.

Figure 4: The appearance of purified enzymatic β-glucan from
qingke (EGQK).

Table 1: The enzyme assay parameters.

Enzyme assay
Sample Substrate Enzyme

Buffer (pH)
Vol. (μl) Final Conc. Vol. (μl) Final Conc. Vol. (μl)

α-Amylase 200 1.5% 400 0.1 μg/ml 200 Tris-HCl (pH 7.0)

Invertase 200 50mM 200 1μg/ml 200 Tris-HCl (pH 4.5)

α-Glucosidase 20 1.25mM 20 0.01 unit 40 PBS (pH 6.8)

Lipase 300 0.15mg/ml 600 1mg/ml 300 Tris-HCl (pH 8.0)

Alignment

LS

0.0
0.0

0.5

Re
la

tiv
e s

ca
le

1.0

10.0 20.0 30.0
Time (min)

40.0 50.0

dRI

Figure 5: HPSEC-dRI-LS profile of the purified enzymatic β-glucan
from qingke (EGQK).
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at 1425 cm-1 might indicate the presence of stretching vibra-
tions of terminal methylene (glucose). The absorption peak
at 1158 cm-1 was assigned mainly to C-O stretching vibration
on rings. The angular vibrations of alcohol hydroxyl were at
both 1120 cm-1 and 1039 cm-1 with double absorption peaks.

3.5. 13C NMR Analysis. 13C NMR spectrum of EGQK
(Figure 7) was assigned according to the previous report [23,
24]. The resonance peaks at 104.04ppm and 103.40ppm were
the anomeric carbon C-1 of β-(1⟶3)-D-glc, as well as β-
(1⟶4)-D-glc [25, 26]. The peak at 87.75ppm was analyzed
as the C-3 carbon of the β-(1⟶3)-D-Glc. The peaks at
73.40, 71.06, 76.73, and 61.28ppm were the C-2, C-4, C-5,
and C-6 of the β-(1⟶3)-D-glc residues, respectively [24].
There were the resonances at 68.74, 72.66, 80.77, 75.38, and
60.71ppm, assigned to C-2, C-3, C-4, C-5, and C-6 carbons
of the β-(1⟶4)-D-glc residue, respectively. The assign-
ments were presented in Table 2. The ratio of β-(1⟶4)-
linkages and β-(1⟶3)-linkages in EGQKwas approximately
3 : 1 according to the proportion of the resonance peaks of
anomeric carbon (C-1) in 13C NMR spectrum. As a result,
we speculated that the EGQK was β-glucan. And EGQK con-
tained some β-(1⟶3) linked glucose residues among the
predominant β-(1⟶4) linked linear glucan chains.

3.6. The Enzymatic Inhibition. It was shown that in Figure 8,
EGQK had certain inhibitory effects on the activities of

glycosidases (α-glucosidase, α-amylase, and invertase), but
all of the inhibitory effects were lower than that of acar-
bose. All the effects exhibited a dose-dependent manner
of increasing inhibition % with the increasing EGQK concen-
tration. EGQK presented a relatively strong inhibitory activ-
ity on α-glucosidase. The inhibition of α-glucosidase reached
a plateau of 77% at the concentrations of 5mg/ml and
10mg/ml. The inhibition activity of EGQK on invertase
was moderate, which was similar to that of acarbose. The
highest inhibition rate was around 50% at the concentrations
of 6.66mg/ml EGQK. EGQK showed a weak inhibitory effect
on α-amylase, which also had a dose-dependent manner. The
inhibition rate was 25.6% by 10mg/ml EGQK. However,
EGQK did not show an inhibitory effect on lipase (data not
shown). The detected inhibition % was very low and did
not present dose-dependent manner in lipase inhibition
assay by EGQK, whereas the orlistat showed good dose-
dependent inhibition. The results suggested that EGQK has
a mechanism as a hypoglycemic additive due to the inhibi-
tory effect on glycosidases.

4. Discussion

β-Glucan exists in barley, oat, and wheat. It is edible and
defined as a dietary fiber. There are few reports about β-glu-
can purification although the content of β-glucan in qingke is
relatively high in cereal crops [27]. In this present study, the
yield of purified and enzymatic β-glucan was 2.28%. More-
over, the waste residue in the extraction and purification pro-
cess generally does not contain toxic and harmful substances,
thus can be reused. The physicochemical properties of the
purified β-glucan were also investigated for the possible
interest in food and beverage applications.

Cereal β-glucan is a type of linear glucose polymers con-
taining oligosaccharides which are formed by the linkage of
β-D-glucopyranosyl units. It is mainly linked by β-(1⟶4)
and separated by β-(1⟶3) [28]. In this study, by using
13C NMR spectrum, it showed that EGQK possessed β-D-
glucan mainly with β-(1⟶4)-linkages and occasionally
with β-(1⟶3)-linkages. The molecular weight of β-glucan
is related to its viscosity. The kinematic viscosity of EGQK
is relatively moderate compared to the high viscosity of the
high-molecular β-glucan previously reported [16]. The vis-
cous property expands the application into beverages.

Hull-less barley (qingke) contains a high content of β-
glucan among all the cereal varieties [29, 30], with an average
content of 5.25% and the normal content range from 4% to
8% [31]. And the content ranges of β-glucan in other barleys
and oats are 2%-10% and 2.5%-6.6%, respectively, which are
overall lower than qingke β-glucan [32]. A new variety
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Figure 7: 13C nuclear magnetic resonance (NMR) spectrum
analysis of the purified enzymatic β-glucan from qingke (EGQK).
β-(1⟶4) is labeled red, β-(1⟶3) is labeled green.
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Table 2: 13C-NMR assigments for the purified enzymatic β-glucan
from qingke (EGQK).

β-Glucan
residue

13C-NMR chemical shifts (ppm)
C-1 C-2 C-3 C-4 C-5 C-6

β-(1⟶3) 104.04 73.40 87.75 71.06 76.73 61.28

β-(1⟶4) 103.40 68.74 72.66 80.77 75.38 60.71
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named “Zang Qing No. 25” contains 8.62% of β-glucan [33,
34]. Moreover, the bran and shorts of qingke contain more
β-glucan contents (over 7%) than reduction flours (2~3%)
and breaks (0.8~3%) [35]. This suggests that β-glucan could
be processed and utilized as functional food additives from
the by-product of bran, which indicates the comprehensive
usage of qingke. However, there is not much in-depth study
on the characteristics of β-glucan enriching in qingke. β-glu-
can has multiple physiological functions [36, 37] including
anticancer [38], clearing bowel [39, 40], regulating blood
sugar [41], lowering cholesterol [42], healing wounds [43],
and improving immunity [44]. As the main physiological
active component of qingke, the research for β-glucan was
only focused on the studies of reducing cholesterol [42]
and blood sugar [41] currently. In this present study, it is
the first time to explore the direct inhibitory effects of qingke
β-glucan on digestive enzymes. The inhibitory effects of β-
glucan on α-glucosidase, α-amylase, invertase, and lipase
were investigated.

In Asia, the bulk of the diet is mainly starch, which
metabolism involves the enzymatic hydrolysis by α-glucosi-
dase [45] and α-amylase [46]. The inhibition of these two
enzymes [47] is beneficial to reducing the blood sugar con-
tent [48, 49], preventing and treating the postprandial hyper-
glycemia [50, 51], and relieving the hyperinsulinemia [52,
53]. Invertase is a kind of disaccharidase hydrolyzing sucrose
as a substrate. By inhibiting the absorption of sucrose in vivo,
the intervention has the function of reducing blood sugar and
cannot stimulate the insulin secretion by the pancreas. The
results of our study showed that EGQK had a mild inhibitory

effect on these enzymes, especially on α-glucosidase. More-
over, the inhibitory effect of EGQK on invertase was similar
to that by acarbose. Although the inhibitory effect of EGQK
on α-amylase was much weak, it also presented the dose-
dependent manner. These results could partly support the
auxiliary hypoglycemic function of qingke β-glucan in vivo.

Qingke β-glucan can reduce the blood cholesterol con-
tent of experimental animals, which study is reported by
Tong et al. in 2015 [42]. It confirmed that qingke β-glucan
had the hypocholesterolemic effects on cholesterol metabo-
lism in hamsters fed with hypercholesterolemic diet. And
qingke β-glucan presented more inhibitory activity to 3-
hydroxy-3-methyl glutaryl-coenzyme A (HMG-CoA) reduc-
tase compared with oat β-glucan. Thus, the inhibitory effect
of EGQK on lipase was detected in vitro in this study. How-
ever, it showed that EGQK did not inhibit lipase activity and
dose-dependent manner. It speculated that the loss of lipase
inhibition might be due to the enzymolysis and the reduced
viscosity. But the viscosity of EGQK might perhaps be
involved in the intervention on the absorption of lipid, cho-
lesterol, and fat in digestive tract in vivo [54].

In this study, the β-glucan from qingke was isolated
through cellulose column chromatography to obtain three
fractions. After collecting the main fraction by agarose gel
column chromatography, the EGQK has a molecular weight
of 201 kDa. NMR spectroscopy indicated the preliminary
structural characterization with β-(1⟶4) main chain and
β-(1⟶3) side chain. Meanwhile, EGQK exhibited a certain
inhibitory activity on α-glucosidase, α-amylase, and invertase
and has no direct inhibitory activity on lipase. The
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6 Advances in Polymer Technology



preliminary study indicates that the EGQK purified from
enzymatic β-glucan has the potential as natural auxiliary
hypoglycemic additives in functional medicine or foods.
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