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Barley is a cereal to seek for higher value added. Its b-glucan has been paid much attention as a soluble
dietary ﬁber. Barley polysaccharide (BP) of a cultivar for brewing was extracted by ultrasonic assistance
and derived by using a relatively lower toxic esterifying agent-sulfamic acid to obtain sulfated barley
polysaccharides (SBPs) with various degrees of substitution (DS). Comparisons were made amongst SBPs
and BP in antioxidant abilities in vitro with total reducing power, scavenging effect on DPPH, hydroxyl
radicals, superoxide anion radicals and lipid antioxidation and inhibition against a-glucosidase. The
results showed that antioxidant activity of BP was signiﬁcantly enhanced by sulfation modiﬁcation. The
activities increased with the concentration and DS. Kinetic analyses revealed that the inhibitory effects of
SBPs and BP on a-glucosidase were reversible and SBPs exhibited a mixed type of inhibition while BP was
a noncompetitively inhibitory process. The present work reﬂected that BP could be a potential raw
material for the development of antiglycemic pharmaceuticals.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
The polysaccharides b-glucans occur as a principal component
of the cellular walls in some biomaterials of economic signiﬁcanceesome microorganisms, such as yeast and mushrooms,
and cereals such as oats and barley. These substances stimulate the
immune system, modulating humoral and cellular immunity, and
thereby have beneﬁcial effect in ﬁghting bacterial, viral, fungal and
parasitic infections (Mantovani et al., 2008). b-Glucans have been
demonstrated to be important functional ingredients to scavenge
free radicals in preventing oxidative damage in living organisms
(Tsiapali et al., 2001), lowering plasma cholesterol, reducing glycemic response, promoting weight management (Izydorczyk &
Dexter, 2008; Newman, Newman, & Graham, 1989), preventing
mutation and cancer (Mantovani et al., 2008), and encouraging the
growth of beneﬁcial gut microﬂora (Brennan & Cleary, 2005).
Barley (Hordeum vulgare L.) is the fourth cereal crop in worldwide production with just two applications: feed or malt (Arngren,
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Hansen, Eriksen, Larsen, & Larsen, 2011). Barley gained a lot of
attention in the west, mainly due to its high levels of b-glucans. A
little amount of roasted barley kernels used in making tea to
prevent heatstroke in summer or as a supplement for shortage of
stable food in poor old days but now for healthiness is the scenario
of barley application in China besides feedstuff and malt. Since
1980s when the country started to implement reform and open
policy, the Chinese economy has changed overwhelmingly and the
traditional Chinese philosophy of health preservation-homology of
medicine and food has been excavated and carried forward as a
guideline for functional food (/ingredient) development in food
industry. As a matter of fact, the mechanism of the functions of
traditional Chinese medicine remains unclearly elucidated. More
and more efforts have been being dedicated to this ﬁeld.
Since the American physiologist William Henry Howell found
heparin in 1916, sulfated polysaccharides have interested the world
of science greatly. The sulfation of polysaccharides could not only
enhance the water solubility but also change the chain conformation, resulting in the alteration of their biological activities.
Compared to nonsulfated polysaccharides, many studies have
conﬁrmed that the sulfated polysaccharides exerted potential biological properties such as antiglycemic, anticoagulant, antivirus,
antioxidant and antitumor activities.
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A high content of b-glucan in barley may lead to highly viscous
wort, giving rise to a ﬁltration problem in beer brewing; and it may
participate in maturing of beer, causing chill haze (Bamforth, 1982;
Palmer, 1975). The level of b-glucan in malt can be reduced by either
hydrolysis with b-glucanase or extracting the barley with water
before malting. Oxidation is in relation to disease in human life and
in vitro antioxidation assessement has been widely used for functional evaluation of materials of natural or synthetic sources. The
inhibition of a-glucosidase reduces intestinal glucose digestion and
absorption, consequently controlling the post-prandial glycemic
response, which is key to the management of type II diabetes
(Balasubramaniam et al., 2013).
As to our best knowledge, there is no literature about the
sulfation of barley polysaccharide (BP) available. This work aimed
to modify BP with sulfation in a low toxic system consisting of
sulfamide as the solvent and sulfamic acid as the esterifying agent;
the functions of the derivatives were investigated with in vitro
studieseantioxidant activities and ability to inhibit a-glucosidase,
to see if the sulfated barley polysaccharide could be potential in
antiglycemia.
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to make it dissolve completely. Various amounts of sulfamic acid
were added and the temperature was raised to 70  C. The reaction
time varied to obtain sulfated barley polysaccharide (SBP) with
different degrees of substitution (DS). After cooling to room temperature in an ice water bath, the puriﬁed products were harvested
by adjusting the pH to around 7 with 6 mol L1 NaOH solution.
Three volumes of 95% ethanol was added and let stand at 4  C
overnight before centrifugation at 1500 g for 15 min. The pellet was
redissolved in distilled water and dialyzed against distilled water
for two days (refreshing the outer water every 4 h) in regenerated
cellulose membrane tubing with relative molecular mass cutoff of
1000 (Xiangsheng Xingye Science & Technology Company, Beijing,
China) and lyophilized at the same condition as in “Section 2.2”.
Barium sulfate-gelatin turbidity method (Antonopoulos, 1962)
was used to determine the sulfate contents of SBPs using a standard
curve (R2 ¼ 0.9975) calibrated with sodium sulfate and the DS was
calculated according to the following formula (Zhang, 1999).

DS ¼ 1:62  S=ð32  1:02  SÞ

2. Materials and methods

where S is the content of sulfur converted from the content of
sulfate in SBS in percentage (m/m).

2.1. Materials and chemicals

2.4. Determination of total reducing power

Barley cultivar for beer brewing was planted at the experimental
station of Agricultural College of Yangzhou University. 1,1-diphenyl2-picryl-hydrazyl radical (DPPH) and a-glucosidase (Biological
reagent (BR), 50 U mg1) were purchased from SigmaeAldrich
(Shanghai, China). All other chemicals and reagents except for pnitrophenyl-a-D-glucopyranoside (PNPG) which was BR were of
analytical grade made by authentic Chinese producers.

The reducing power was determined according to Yen & Duh
(1993). An aliquot of 1.0 mL of polysaccharide solution was mixed
with 1.0 mL of phosphate buffer solution (PBS, pH 6.6 and
0.2 mol L1) and 1.0 mL of 10 g L1 potassium ferricyanide. The
mixture was incubated at 50  C for 20 min. After the addition of
1.0 mL of 100 g L1 trichloroacetic acid and standing for 10 min, the
mixture was centrifuged at 1800 g for 10 min. 2.5 mL of the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of
1 g L1ferric chloride. Standing for 10 min, the mixture was colorimetrically analyzed; the absorbance was read at 700 nm and
compared with the calibration curve made with ascorbic acid (AA)
to obtain the reducing power expressed in AA mg mL1.

2.2. Extraction and puriﬁcation of barley polysaccharide
The procedure to extract and purify barley polysaccharide (BP)
was optimized by response surface methodology in previous work.
Barley kernels were cleaned and ground using a sample mill (GFSD70, Shanghai Jiading Cereals and Oils Inspection Instrument Company, China) before dry in an electro-heating driven-air dryer
(DGX905 3B-2, Shanghai Fuma Experimental Equipment Co., Ltd.,
China) at 85  C for 1 h to inactivate endogenous enzymes, followed
by removing lipids with petroleum ether (b. p. 60e90  C). After
evaporating in a rotation distillator (RE-52D, Shanghai Yarong BioChemical Instrument Factory, China) the solvent, 5 g of defatted
barley ﬂour was extracted with distilled water (1:25, m/v) at 75  C
by the aid of ultrasonication (270 W) with a sonicator (XH-2008D
PC Controlled Temperature Sonication Synthesizer and Extractor,
Beijing Xiang Hu Science and Technology Development Co., LTD,
China) for 8 min. The supernatant after centrifugation at 1500 g
using a low-speed centrifuge (KDC-1044, Keda Innovation Co., Ltd.,
Zhongjia Branch, China) for 15 min was exerted to freezing and
thawing process (Li, 2007) to remove protein and starch until
neither protein nor starch was detected. The resulting polysaccharide solution was concentrated with a rotary distiller. Four
volumes of 95% ethanol was added into the concentrate and
standing overnight before centrifugation at 1500 g for 15 min. The
pellet was ﬁnally dried using a freeze-dryer (Alphal-2LDPlus,
Christ, Germany, temperature 55 C) to obtain BP.
2.3. Sulfation of polysaccharide and determination of degree of
substitution
The BP (500 mg) was added in formamide (30 mL) at room
temperature and magnetically stirred (RT-10, Ika, Germany) for 1 h

2.5. FTIR analysis
The IR spectra were measured using an FTIR Spectrometer (FTIR
7000, Varian, USA). About 2 mg of polysaccharide sample was
mixed with 160 mg of KBr and pressed into pellet under an incandescent lamp, then scanned 32 times from 4000 to 400 cm1.
The instrument worked with a spectral resolution ratio of 4 cm1.
2.6. Evaluation of ability to scavenge DPPH
The BP and SBPs with different DS and various concentrations
and an ascorbic acid solution were estimated for the abilities to
scavenge DPPH with the photospectrometry method described by
Brand-Williams, Cuvelier, and Berset (1995). 2 mL of test sample
was mixed with 2 mL of 2  104 mol L1 DPPH radical in 2.5 mL of
40% (v/v) aqueous ethanol. The mixture was shaken vigorously and
let stand for 30 min at room temperature before the absorbance of
the resulting solution was measured at 517 nm with the 40% (v/v)
aqueous ethanol solution serving as the blank. The scavenging rate
was calculated according to Chen, Muramoto, Yamauchi, Fujimoto,
and Nokihara (1998) with the following formula.

% eliminating rate of DPPH$ ¼ ½1  ðAx  Ax0 Þ=A0   100
where Ax is the absorbance of the mixture of polysaccharide and
DPPH solution; A0 is the absorbance of the mixture of absolute
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ethanol and DPPH solution; and Ax0 is the absorbance of the
mixture of polysaccharide solution and absolute ethanol.
2.7. Evaluation of ability to scavenge hydroxyl radicals
The hydroxyl radicals were initiated by 2 mL of 2 mmol L1
FeSO4 and 2 mL of 6 mmol L1 H2O2 solutions (Fenton's reaction).
After 5 mL of the polysaccharide solution was added, the mixture
volume was made up to 25 mL with 6 mmol L1 salicylic acid in
absolute ethanol. After incubation at 37  C for 15 min in a water
bath, the opaque density was read at 510 nm. The calculation and
data analysis followed Richmond, Halliwell, Chauhan, and Darbre
(1981).

% eliminating rate of OH$ ¼ ½1  ðAx  Ax0 Þ=A0   100
where Ax is the absorbance of the mixture of polysaccharide, salicylic acid in absolute ethanol, FeSO4 and H2O2 solution; A0 is the
absorbance of the mixture of salicylic acid in absolute ethanol,
FeSO4 and H2O2 solution; and Ax0 is the absorbance of the mixture
of salicylic acid in absolute ethanol and FeSO4 solution.
2.8. Evaluation of ability to scavenge superoxide anions
The method for the assay of the ability of the polysaccharides to
inhibit the autoxidation of pyrogallol was modiﬁed from Marklund
and Marklund (1974). 2.5 mL of TriseHCl (pH 8.34), 0.2 mL of
5 mmol L1 pyrogallol (in 10 mmol L1 HCl) and polysaccharides
were mixed. After incubation at 25  C for 10 min in a water bath,
1 mL of 6 mol L1 HCl was added to terminate the reaction and the
absorbance (Absx) at 325 nm was read. The blank (Absx0) was obtained by replacing the polysaccharides with distilled water and the
control (Absx0) referred to the sample that the pyrogallol was
substitued with the 10 mmol L1 HCl. The eliminating rate in percentage was calculated as follows.

% eliminating rate of O$
2 ¼ ð1  ðAbsx  Absx0 Þ=Abs0 Þ  100

2.10. Evaluation of ability to inhibit a-glucosidase
The a-glucosidase inhibitory activity was determined according
to the method of Apostolidis, Kwon, and Shetty (2007) with modiﬁcations in the incubation temperature and reagent dose. After
appropriately diluted polysaccharide solution (400 mL) and aglucosidase solution (0.2 U mL1, 200 mL) were incubated at 37  C
for 15 min, 50 mL of 2.5 mmol L1 p-nitrophenyl-a-D-glucopyranoside solution in 1 mmol L1 PBS (pH 6.8) was added. The
reacting mixture was then incubated at 37  C for 15 min and 1 mL of
0.2 mol L1 Na2CO3 was added to terminate the reaction, before the
absorbance (Abs) at 405 nm was read. The control and blank refer to
no a-glucopyranosidase or no polysaccharide in the system,
respectively. The a-glucosidase inhibitory activity was expressed as
percent inhibition as shown below.

.
i
h

AbsBlank  100%
% Inhibition ¼ 1  AbsSamples  AbsControl

2.11. Kinetics of a-glucosidase inhibition
Remaining the concentration of a-glucosidase at 0.2 U mL1, the
effect of PNPG at 0, 1.0, 2.0, 3.0, 4.0 and 5.0 mmol mL1 by BP (2, 4, 6
and 8 mg mL1) or SBP-4 (2, 4, 6 and 8 mg mL1, DS ¼ 1.01) on
a-glucosidase activity was measured. The double reciprocal curves
of LineweavereBurk were obtained by plotting 1/v against 1/[S]
(where S is the ﬁnal substrate concentration and v the rate of
enzymatic reaction) based on MichaeliseMenten kinetics.
2.12. Statistical analysis
All trials were performed in triplicate to obtain the results.
Differences in mean values within and between groups were
analyzed by Tukey test for multiple comparisons using software
SPSS 17.0 for Windows (SPSS Inc. Chicago, IL, USA) and Excel 2003
was used for chart plotting. That P < 0.05 was taken as statistically
signiﬁcant.

2.9. Accelerated lard oxidation

3. Results and discussion

The Schaal oven storage protocol was modiﬁed to be adapted for
accelerating the oxidation of lipids. The freshly prepared lard was
incubated at 60 ± 1  C in an electro-heating cultivator, with or
without the polysaccharides. The peroxide value (POV) was determined according to MOH and SA (2003) and AQSIQ and SA (2005)
every another three days. Brieﬂy, 3e5 g of lard was dissolved in
30 mL glacial acetic acid-isooctane solution (3:2, v/v) in a 250 mL
conical ﬂask and 1 mL saturated KI solution was added. Shaking
slightly for 0.5 min, the mixture was let stand at room temperature
for 4 min in dark. After the addition of 75 mL distilled water, the
iodine separated out was titrated with 0.01 mol L1 standard sodium thiosulfate solution. Two droplets of 5.0 g L1 soluble starch
solution were added to indicate the end-point with vigorous
shaking during titration. The POV was calculated according to the
equation:

3.1. Characterization of sulfated derivatives



POV mmol kg1 ¼ ðV1  V0 Þ  c  1000=m

where V1 is the volume of standard sodium thiosulfate solution
consumed by the lard sample, mL; V0 is the consumed volume of
standard sodium thiosulfate solution consumed by the blank
sample (the reagents used), mL; c is the concentration of standard
sodium thiosulfate solution, mol L1; and m is the mass of tested
lard sample.

The structural information of SBPs was gathered by the FTIR
analysis. After each preparation trial, the derivative was subjected
to FTIR test. All measurements demonstrated successful preparation of SBPs. Fig. 1 illustrates the spectra of one of the SBPs and BP.
The strong absorption band between 3200 and 3600 cm1 with the
peak at 3369 cm1 results from the stretch vibration of OeH in
polysaccharides; the peak at 2933 cm1 in the band from 2800 to
3000 cm1 is from CeH stretching of the CH2 and CH3 groups; the
peak at around 1045 cm1 is because of the pyranyl saccharide
rings; and the peak at around 897 cm1 is the character of the CeH
bonds in b-linkage (Qian, Chen, Zhang, & Zhang, 2009). LimbergerBayer et al. (2014) represented different FTIR spectra of native
barley polysaccharide, meaning that the preparation method could
affect the spectra badly. The narrower region of 3200e3600 cm1
implies the decrease of the number of eOH and the new emerging
peaks at 879 cm1 and 1117 cm1 conﬁrmed the success of sulfation
(Fig. 1 SBP). An interesting phenomenon is that the peak at
897 cm1 faded from the spectrum of SBP which might be related to
the structure of the product and further work is worthy getting
insight into the causes. The locations of sulfate groups of sulfated
polysaccharides seem to be mobile in the FTIR spectra. The present
results are quite different from those from Bae et al. (2009), Jung,
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3.2.2. Scavenging ability against DPPH
There are signiﬁcant differences among BP, SBPs and AA (Fig. 3)
in scavenging ability against DPPH, and the power of BP or SBPs is
weaker than that of AA. In the concentration range of
2e10 mg mL1, signiﬁcant differences occur between groups for
either BP or SBPs: the eliminating rate of DPPH increased from
15.47% to 23.93% (SBP-1, 2 mg mL1) and from 24.71% to 62.39%
(SBP-3, 10 mg mL1), demonstrating quantity-efﬁcacy relationship
for BP and SBPs to quench DPPH. So is the situation for DS of SBPs:
SBP-1 with a DS of 0.42 can eliminate maximally 38.87% of DPPH,
while SBP-3 with a DS of 0.84 can eliminate maximally 62.39%.
However, DS is not an exclusive dominant factor, e.g., SBP-4
(DS ¼ 1.01) does not act better than SBP-3 (DS ¼ 0.84). The
reason might be related to the molecular weight (Zou et al., 2008).
3.2.3. Scavenging ability against hydroxyl radicals
The hydroxyl radical (OH) is in the category of the most reactive
oxygen radicals and severely damages biomolecules. Good effects
can be observed either for BP or for SBP to scavenge the radical of
OH (Fig. 4). For BP, signiﬁcant differences exist in the range of
2e6 mg mL1, but not in the range of 8e10 mg mL1. At concentrations 2 and 6 mg mL1, the inhibitions are 13.74% and 36.48%,
respectively. SBP-1 (DS ¼ 0.42) does not signiﬁcantly differ from
SBP-2 (DS ¼ 0.63), however, SBP-3 (DS ¼ 0.84) differs signiﬁcantly
from SBP-4 (DS ¼ 1.01), between groups. The inhibition ability
correlates to the DS of SBPs; the maximum inhibitions obtained are
58.38% for SBP-1, 59.52% for SBP-2, 90.91% for SBP-3, and 95.38% for
SBP-4, respectively. By contrast to BP, SBPs with higher concen and Bystrický
tration and DS have activities closer to AA. Machova
(2013) demonstrated that some glucans exhibited very low antioxidant activity against OH, which could be enhanced by
carboxymethylation.

Fig. 1. FTIR spectra of BP and SBP.

Bae, Lee, and Lee (2011) and Chen et al. (2013) who reported peaks
at 810 cm1 (CeOeS) and 1250 cm1 (S]O) in the citrus pectin
derivative and peaks at 810 cm1 and 1300 cm1 for sulfated
Pleurotus eryngii polysaccharides, and peaks at 819 cm1 and
1236 cm1 for corn silk polysaccharide sulfation products,
respectively.
To our best knowledge, the sulfation of barley polysaccharide is
the ﬁrst time reported herein. Therefore, it is short of literature for
parallel comparison directly (also in other properties below).
3.2. Antioxidant abilities

Reducing power (AA mg mL-1)

3.2.1. Total reducing power
The reducing power was generally associated with the presence
of reductones which break the free radical chain by donating a
hydrogen atom or react with certain precursors of peroxide preventing peroxide formation (Song, Zhang, Zhang, & Wang, 2010).
The total reducing powers of BP and SBPs with different DS at
various concentrations are shown in Fig. 2. The presentation of
signiﬁcant differences between and within groups implies that the
total reducing power is dependent upon the concentration and DS.
The higher concentration or DS makes the reducing power of
polysaccharides stronger. SBP-3 (DS ¼ 0.84) and SBP-4 (DS ¼ 1.01)
with larger DS exhibit the highest reducing power (0.77
AA mg mL1).

1

BP

SBP-1

3.2.4. Scavenging ability against superoxide anions
The molecular oxygen (O2) is necessary for human life and it is
not very reactive; however, under physiological conditions it is
easily transformed into different reactive oxygen species, one of
these being the superoxide anion radical (O2), which could cause
human body damage. Both BP and SBPs are able to quench superoxide anions (Fig. 5). The scavenging rates of BP, SBP-1, SBP-2, SBP-3
and SBP-4 are 23.02e33.25%, 31.10e42.52%, 36.37e45.02%,
40.15e51.25%, and 42.59e55.70%, respectively, displaying doseeffect relationships. The concentration of the polysaccharide contributes to the ability to quench superoxide anions. So does the DS
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Fig. 2. Reducing power of unmodiﬁed (BP) and sulfated (SBP) barley polysaccharides with various degree of substitution (DS) SBP-1, DS ¼ 0.42; SBP-2, DS ¼ 0.63; SBP-3, DS ¼ 0.84;
and SBP-4, DS ¼ 1.01. Signiﬁcant (P < 0.05) differences are shown by data bearing different letters: in lowercase, between groups; in uppercase, within groups. AA: ascorbic acid.
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Fig. 3. DPPH$ scavenging ability of unmodiﬁed (BP) and sulfated (SBP) barley polysaccharides with various degree of substitution (DS) SBP-1, DS ¼ 0.42; SBP-2, DS ¼ 0.63; SBP-3,
DS ¼ 0.84; and SBP-4, DS ¼ 1.01. Signiﬁcant (P < 0.05) differences are shown by data bearing different letters: in lowercase, between groups; in uppercase, within groups. AA:
ascorbic acid.

Fig. 4. Hydroxyl radical scavenging ability of unmodiﬁed (BP) and sulfated (SBP) barley polysaccharides with various degree of substitution (DS) SBP-1, DS ¼ 0.42; SBP-2, DS ¼ 0.63;
SBP-3, DS ¼ 0.84; and SBP-4, DS ¼ 1.01. Signiﬁcant (P < 0.05) differences are shown by data bearing different letters: in lowercase, between groups; in uppercase, within groups. AA:
ascorbic acid.

of SBPs, e.g., 42.52% for SBP-1 and 55.70% for SBP-4 at the
concentration of 10 mg mL1.
3.2.5. Lard oxidation retardation
The accelerated lard oxidation experiment is commonly used for
assessment of the antioxidation of functional ingredients as lipid
peroxides could cause structural and functional damage of the
biomolecule and cellular structure (Puttaraju, Venkateshaiah,
Dharmesh, Urs, & Somasundaram, 2006). The effects of BP and
SBP-4 at various concentrations both are able to retard the

peroxidation of lard (Fig. 6), implying potential in protection of
biomolecules and cells from oxidation. Before day 3, there are no
signiﬁcant differences within groups; during day 6e15, signiﬁcant
differences appear within and between groups. In day 15, the POV
of the control is 54.49 mmol kg1, meaning that the quality of lard
deteriorate seriously, while the POV of the samples added
10 mg mL1 BP or SBP-4 are 20.70 and 16.08 mmol kg1, respectively, roughly equal to that of the sample with 0.5 mg mL1 AA
(with a POV of 17.14 mmol kg1).

Fig. 5. Superoxide anion scavenging ability of unmodiﬁed (BP) and sulfated (SBP) barley polysaccharides with various degree of substitution (DS) SBP-1, DS ¼ 0.42; SBP-2,
DS ¼ 0.63; SBP-3, DS ¼ 0.84; and SBP-4, DS ¼ 1.01. Signiﬁcant (P < 0.05) differences are shown by data bearing different letters: in lowercase, between groups; in uppercase,
within groups. AA: ascorbic acid.
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Fig. 6. Inhibitory effect of unmodiﬁed (BP) and sulfated barley polysaccharides (SBP-4, DS ¼ 1.01) on lard oxidation. Signiﬁcant (P < 0.05) differences are shown by data bearing
different letters: in lowercase, between groups; in uppercase, within groups. AA: ascorbic acid.

Thondre, Ryan, and Henry (2011) revealed that the antioxidant
and phenolic content were greater in b-glucan products prepared
by natural dry milling and separation processes that are known to
retain the molecular structure of b-glucans. Saura-Calixto, Serrano,
and Goni (2007) indicated that the presence of majority of polyphenols of whole-grain cereals is in bound form. No steps to test
whether there are naturally occurring antioxidants such as phenolics remain in the polysaccharides was taken in this work.
In chemical point of view, there is no apparent antioxidant
mechanism for polysaccharides since higher degree of polymerization means smaller percentage of the reducing monosaccharide
end. However, some polysaccharides can indeed be antioxidant,
especially in living bodies as immunostimulants; a large number of
documents could be retrieved in relevant publications. This might
follow a way other than redox.
3.3. Inhibition against a-glucosidase
3.3.1. Inhibition activity
a-Glucosidase secreted in the small intestine releases glucose
from maltose and/or sucrose (Mohan & Pinto, 2007) into blood
resulting in post-prandial hyperglycemia and exacerbating noninsulin-dependent or Type II diabetes.
Shown in Fig. 7 is the SBP inhibition against a-glucosidase with
various DS and BP at concentrations of 2e10 mg mL1. In the range
of concentration investigated, the BP and SBPs of different DS all are
effective in inhibiting a-glucosidase. There are no signiﬁcant differences in efﬁcacy when the concentration of BP is more than

4 mg mL1. Larger DS seems to be beneﬁcial to the inhibitory power
of the SBPs against a-glucosidase. The 50% inhibition concentrations (IC50) for BP, SBP-1, SBP-2, SBP-3, and SBP-4 are 22.49, 13.70,
9.03, 8.10, and 6.05 mg mL1, respectively. SBP-3 displays a unique
performance in dose-activity relationship. Unlike the other SBPs,
the antiglucosidase ability of SBP-3 is strongly dependent upon its
concentration.

3.3.2. Inhibition kinetics against a-glucosidase
Either BP or SBP reveals reversible inhibition kinetics against
a-glucosidase. In order to simplify the graphic view, only the
Lineweaver-Burk plots of BP at 8 mg mL1 and SBP-4 at 6 mg mL1
and their corresponding controls are presented hereof (Fig. 8). The
Lineweaver-Burk plots of BP and the control (without BP) meet at
the negative x-axis, demonstrating that the Michaelis constant Km
does not change, while the maximum reaction rate Vmax decreases.
It is inferred that the BP follows a non-competitive inhibition
mechanism against a-glucosidase. The BP simultaneously combines
the a-glucosidase and substrate to form a ternary complex preventing the substrate to convert into products and decreasing the
enzymatic reaction rate.
The Lineweaver-Burk plots of SBP-4 and the control (without
SBP-4) intersect at the second quadrant. The increase of the Km and
decrease of the Vmax for SBP-4 suggests that the SBP follows a mixed
inhibition mechanism against a-glucosidase. Namely, the SBP-4 is
capable not only to combine the free a-glucosidase to inhibit
competitively the inﬁnity of a-glucosidase to PNPG, but also to

Fig. 7. a-Glucosidase inhibitory effect of unmodiﬁed (BP) and sulfated (SBP) barley polysaccharides with various degree of substitution (DS) SBP-1, DS ¼ 0.42; SBP-2, DS ¼ 0.63; SBP3, DS ¼ 0.84; and SBP-4, DS ¼ 1.01. Signiﬁcant (P < 0.05) differences are shown by data bearing different letters: in lowercase, between groups; in uppercase, within groups.
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DPPH and O2 and retardation of lard oxidation. BP and SBPs are
effective to inhibit a-glucosidase, and either the concentration or
the DS is contributive; however, the action of DS is not exclusive.
The mechanisms and kinetics of BP and SBPs against a-glucosidase
are reversible; the former is a non-competitive type while the latter
is a mixed one. Further work could be focused on the in vitro tests
and compositions compounded with the polysaccharides.
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