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Cereal -glucan is a linear biopolymer linked by -(1,3)/(1,4)-glycosidic bonds. More specifically, the
B-(1,4)-linked glucose chain is interrupted with -(1,3)-linkages in cereal S-glucan structure. Elucidation
of the exact length and distribution of linear -(1,4)-linked portion facilitates the understanding of the
fine structure of cereal 3-glucan. A HPAEC assisted by lichenase treatment has been used for the
structural and quantitative analysis of cereal 3-glucan. The absence of authentic standard oligosac-
charides, putatively 3-O-f-cellobiosyl-p-glucose (DP3) and 3-O-f-cellotriosyl-p-glucose (DP4), was
a potential problem to the characterization of 5-glucan structure. In this study, two major lichenase-
hydrolyzed products were generated from the barley $-glucan, and putative 3-O-3-cellobiosyl-p-glucose
and 3-O-p-cellotriosyl-p-glucose were separated and highly purified by recycling preparative HPLC
technology. Structural analysis of highly purified putative 3-O-3-cellobiosyl-p-glucose and 3-O-f-
cellotriosyl-p-glucose was performed by TLC and LC-MS analysis. Two putative DP3 and DP4
displayed the nonreducing end/(1,4)/(1,3) linkage ratios of 1:0.96:0.90 and 1:2.18:1.16, respectively;
the molecular masses (m/z) of their sodium adducts were 527.0 and 689.0, respectively. Using these
structurally confirmed oligosaccharides, the exact amounts of 5-glucan lichenase hydrolysates from
domestic barley cultivars were quantified. The amount of two major DP3 and DP4 accounted for
only 71.4—73.3% of water-extractable f-glucan fraction, and the (1,4)/(1,3) linkage ratios of the
extracted f-glucans were almost identical in the range of 2.24—2.25 among the barley cultivars tested.
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INTRODUCTION

Primary cell walls of the Poaceae family of higher plants
comprise cellulosic microfibrils embedded in a matrix that
consists predominantly of glucuronoarabinoxylans and (1,3)/
(1,4)-pb-glucans (1). Smaller amounts of xyloglucans, pectic

polysaccharides, glucomannans, and structural proteins may alsdE

be present. The (1,3)/(1,#)yo-glucans are especially abundant
in inner cell walls of the starchy endosperm in plants. In barley

p-D-Glucan has not been widely applied in foods as an
ingredient or a stabilizer yet. Ogtglucan as whole oats and
oat bran has been used in breakfast cereals and snack foods.
Recently, purified oa3-glucan dispersion was used in the
cosmetic industry as a moisturizing agent and a thickefier (
ven though excessively high viscosity gfglucan is not
desirable for the brewing process or feeding efficiency in poultry
diets, this rheological property @rglucans could be useful in

they constitute about 75% of cell walls in the starchy endosperm the food industry. The biological activities @gFglucan have

of grain, but are considerably less abundant in walls of other
tissues. In other words, whole barley contains14% of
arabinoxylans, 3—7% of5-glucan, and smaller amounts of
cellulose and lignin (2—4).
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been studied extensively as well as its physical functionality
and applicability as a food ingredient. An effective retarding
effect of barleys-glucan on bile acid and glucose was proven
in vitro by evaluating their diffusion rates (5). Barl@yglucan
lowered cholesterol level in hamster®) (and humans7 8)

and had hypolipodemic effects in rat9)( It was recently
reported that the inclusion of high-viscosity barjgyglucan in

the diet induced a greater proportion of Lactobacilli in the rat
cecum (10). Even though many studies have been pursued to
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elucidate 5-glucan’s biological role, the mechanism of its Institute of Crop Science (NICS), lksan, Jeonbuk, Korea. Whole barley
functionality in vivo still is not well understood. samples were milled with a commercial blender (HR2860, Philips),

Water-soluble (1,3)/(1,45-p-glucans from barley and oat and the resulting barley flours were used in our stuudﬁmylase _
endosperm have been characterized in detail. The water-solubld”\3308) and Pronase (P3910) were purchased from Sigma-Aldrich
. . . Chemical Co. (St. Louis, MO) for the extraction procesgaflucan.

fraction consists of 1000 or more glucosyl residues connected

- : . A A Megazymeg-glucan (mixed linkage) assay kit (Megazyme Interna-
in linear chains via (1,3)- and (1,#)0-glucosidic linkages. The iona| Ireland Ltd., Wicklow, Ireland) was applied to determine the

ratio of (1,4) to (1,3) linkages is in the range of 2:1 to 3:1, and content and purity o-glucan. A Whatman K6 TLC plate (2@ 20
most of the polysaccharide is composed of groups of two or c¢m) was used for linkage analysis, and 2,3,4,6-t€tmethyl-D-glucose
three contiguous (1,43-glucosyl residues separated by single (Sigma, S960225)4-1,3-glucan fromEuglena gracilis(Fluka, 89862),
(1,3)-3-glucosyl residues. Barle§-glucans are composed of —anda-cyclodextrin (Sigma, C4642) were used as reference materials.
cellotriosyl and cellotetraosyl units joined by single (1,3) Lichenase (Megazyme, E-LICHN), a (1,3)(1/p-glucan-4-glucano-
linkages. However, in the water-soluble (1,3)/(1#4)-glucans hydrolase (EC 3.2.1.73), was purchased from Megazyme International
from barley or other cereals, about 10% of the polysaccharide Ltd.

consiisof ook ofupto 10 or mre conguous (iucomy — £X12eln 400 Tueaton of et S By s,
residues. Thus, distinct longer regions of adjacent (&4)- a modified method of Wood et all8, 19). Briefly, barley flour (5 g)

glucosyl residues are dispersed along the polysaccharide Cha'r\]/vas dispersed in water, the pH was adjusted to 10.0 using 20% sodium
(D). ) ) ) carbonate, and then tifieglucan was extracted for 30 min in a shaking
Up to now various analytical techniques, such as paper incubator (45°C, 125 rpm). After the supernatant was separated by
chromatography, high-performance liquid chromatography centrifugation at 15000fpr 15 min, the extraction process above was
(HPLC), and high-performance anion-exchange chromatographyrepeated twice with the remaining insoluble materials, and then the
(HPAEC), have been applied to determine the lichenase- extract was acidified to pH 4.0 using 2 M HCI to precipitate proteins.
hydrolysate profile of ceregd-glucans {1—14). The HPLC After removal of protein precipitates, the supern_at_ant was treatgd With
methods have been typically used to analyze Carbohydratef'nal 50% (v/v) of isopropyl alcohol, and the precipitates were dried in
o o i 9
profiles in food systems and seemed to be promising. However, a drying oven at 60C for 24 h and used as crugieglucan. The 0.3%
these methods with RI detection did not resolve oIigosaccharides(W/V) crudefi-glucan was completely dispersed in water with boiling,

. o - and 30% (w/v) of ammonium sulfate was added to the dispersion. The
with a degree of polymerization (DP) ef3. To overcome this resulting precipitate was redissolved with heating and dialyzed using

limitation, HPAEC has been used to analyze a series of glucose-a membrane tube (Spectrum Medical Industry; MWCO 668000).
based linear chains with DP 50. In 1994, Wood et al.  The retentate was adjusted to pH 6.9 and treatedavéimylase (1013
successfully applied it to the characterization of the oligosac- units/100 mL off-glucan solution) at 40C for 1 h. Thea-amylase
charide profiles of lichenase-hydrolyzed barfgglucan (2). was heat-inactivated, and the reaction mixture was reacted with Pronase
Still this technique had a critical problem to quantitatively (70 units/100 mL of3-glucan solution) at pH 7.5 and 4@ for another
determine each oligosaccharide peak with a pulsed-amperomet-0 h. Again, the enzyme was heat-inactivated and the precipitate was
ric detector (PAD) because the weight response factors rapidly discarded by centrifugation at 15apGor 15 min. The resulting
decreased from DP2 to DPB—17). Recently, matrix-assisted  SuPernatant V‘ias dialyzed ?lga'”St \I/vayer and lyophilized and then used
laser desorption—ionization mass spectrometry (MALDI-MS) as purifieds-glucan for further analysis (18.9). .

was developed to quantify individual (1,3)/(1,4)-mixed-linked The fi-glucan content of barley flour and the purity ffglucan

) . . o\ extract were determined by using a modified AOAC method, 995.16,
oligosaccharides (14). The basic principle of the MALDI-MS | 1ich was adopted by the Megazyriglucan (mixed linkage) assay

analysis was to produce the summation of ad K" adducts kit. Either barley flour (100 mg) or extract (10 mg) was dispersed in
of the mother molecule and Nadduct of anhydrous mother 0.2 mL of 50% (v/v) ethanol, and 4.0 mL of 20 mM sodium phosphate
molecule. The authors reported that an excellent linear correla-buffer (pH 6.5) was added. The mixture was fully dispersed in a boiling
tion was obtained on a weight basis. However, this method still water bath for 3 min and incubated with 10 units of lichenase &(50
used maltooligosacchride-based DP series for calibrating thefor 1 h. Sodium acetate buffer (200 mM, pH 4.0) was added to make
mass system, and this MS-based quantification was still known 10 mL of total volume. After centrifugation at 1009€r 10 min, the

to be error prone even though it is a very rapid and more supernatant (0.1 mL) was incubated with 0.2 unipeflucosidase at
sensitive approach 50 °C for 10 min, and the amount of released glucose was assayed by

. . a 2700 SELECT Biochemical Analyzer (YSI Life Science, Yellow
The ultimate goal of our study was to develop a precise and Springs, OH).

accurate quantification mEthOd of cerghplucans USi”Q the Preparation of Authentic DP3 and DP4 by Recycling Preparative
HPAEC method. To achieve our purpose, we determined the ypi . Fifty grams of barley flour was dissolved in 250 mL of distilled
_structure ofﬁ-glucan_gxtracted from domestic bar_ley varieties water, then 3 M sodium carbonate (pH 10.0) was added to make pH
in Korea and quantified thg-glucan contents using a com-  10.0 of the mixture, and then the mixture was incubated for 24 h. After
mercial assay kit. Furthermore, the mghglucan hydrolysates  the addition of the same volume of isopropyl alcohol, the sample
obtained by lichenase treatment, which wer@-3-cellobiosyl- dispersion was centrifuged at 15@for 15 min and the supernatant
p-glucose (DP3) and 8-f-cellotriosylo-glucose (DP4), were  discarded. The residue was redissolved in 250 mL of 20 mM sodium
prepared by recycling preparative chromatography. These phosphate buffer (pH 5.0) and _incubated with 40_ units of lichenase at
authentic standard oligosaccharides were applied to the quan->0C for 72 h. Again, the solution was treated with the same volume
tification of the oligosaccharides produced by lichenase hy- of isopropyl alcohpl, and the residue was removed after ce_ntrlfugatlon
drolysis using HPAEC, and the content of barfbglucans was at 1000@ for 15 min. The supernatant was concentrated using a rotary

. ; - evaporator at 40C, and DP3 and DP4 were separated and purified by
estimated on the basis of the quantified amounts of DP3 and pjecting the concentrated solution into a recycling preparative HPLC

DP4 from lichenase-treated barley samples. (model LC-9104; JAI Ltd., Tokyo, Japan). The HPLC system equipped
with an RI detector was connected to two hydrophilic preparative
MATERIALS AND METHODS columns of JAIGEL W-251 and W-252 (ZE) x 500 mm) in this order.

The peak signals corresponding to DP3 and DP 4 were monitored during

Enzyme and Barley Samples or MaterialsThree barley varieties, the analysis, and each highly pure oligosaccharide was prepared with

Ohl, Gang, and Gwang-an, were harvested in June 2005 and were kindlyHPLC grade water as an eluent by a recycling mode at the flow rate of
provided from Honam Agricultural Research Institute (HARI), National 3.0 mL/min.
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Linkage Analysis of Barley f-Glucan and Authentic Oligosac- Table 1. S-Glucan Content in Whole Grain of Selected Barley
chrides: Thin-Layer Chromatography (TLC). Both-glucan extract Varieties

and authentic oligosaccharides were methylated using the Hakomori

method R0). Sodium hydride (25 mg) was dissolved in 0.5 mL of barley B-glucan extractable purity of

dimethyl sulfoxide (DMSO) and incubated at 90 for 30 min. This cultivar content? (%) amount (%) B-glucan® (%)
DMSO reagent was freshly made just before TLC analysis. The sample G 6.39 (0.07)°a% 180(0.02) b 893 (25)b
(10 mg) was dissolved in the DMSO reagent and was incubated at oﬁrg 6.18 20:04; ba 200 E0:01;a 97.9 E1:5§a
25°C for 3 h. lodomethane (0.8 mL) was added to the DMSO reagent  Gwang-an 6.12 (0.02) b 1.49(0.03) c 915 (1.5)b

and stirred overnight at room temperature. Then, 2 mL of water was

ac_ided to the DMSO solution. This mixture was extracted three_times abThe content and purity of -glucan were determined by using Megazyme
with 2 mL of chloroform (CHCY), and water was remc_)ved'by sodium p-glucan (mixed linkage) assay kit, AOAC method 995.16. ¢ The number in
sulfate anhydrous. The CHQhlyer was evaporated using nitrogen gas;
1 mL of 4 M trifluoroacetic acid (CECO:H, TFA) was added to 1 mL

of water, and the solution was transferred to a reaction vial that was
heated for 2 h at 122C by a heating block. The sample was dried

with a gentle nitrogen gas flow. Aliquots (1+d.) were placed on  Gwang-an barley cultivars were 6.39, 6.18, and 6.12% (w/w,
Whatman K6 TLC plates using a micropipet; the TLC plate was g pasis) whereas their water-extractaBtglucan contents
developed at room temperature with acetonitrile/Ci#t@éthanol were 1.80, 2.00, and 1.49%, respectivdlgifle 1). These results

(3:9:1, v/vlv). The plate was dried next to ascent. The compounds were .
developed on the plate by spraying the plate with a solution containing showed that the totg#-glucan contents of Korean domestic

0.3 g of N-(1-naphthyl)ethylenediamine and 5 mL of concentrated Varieties were comparable with the values {3663%) reported
sulfuric acid in 100 mL of MeOH. The plate was dried and then placed in other studies 4, 14). Meanwhile, the water-extractable
in an oven for 10 min at 126C; blue-black spots appeared on a white  $-glucan contents were somewhat less than those of previous
background. The preparation method of methylated standard sugars wastudies (2,14). The purity of the extracte@-glucans was
described previously in detail (20—22). Quantitative analysis of determined to be 89.3 (Gang), 97.9 (Ohl), and 91.5% (Gwang-
O-methylated sugars was achieved by scanning the plate with a Bio- an). Greatef-glucan purity obtained in our study could explain
Rad Gel-Doc system [Bio-Rad Laboratories, Segrate (Milan), ltaly]. tne |ower yield of water-extractable fractions. In this study, it
S;tfuczﬂall Analysis and Quan;ifi?ti?n of Lichenﬁse'(Hydm'y)ZEd was shown that Ohl barley had the greatest amount of water-
Barley p-Glucan: HPAEC. The p-glucan sample (10 mg) was ; _ ; ; ;
dissolved in 10 mL of sodium phosphate buffer (20 mM; pH 5.0) and ;?;ﬁﬁg;blgmfgigl%ne (tj)grlgl;csaarr]m\;\llgz ttehsetezlgheSt purity of
incubated with 8 units of lichenase at 40 for 90 min. The reaction Structural Determination of B-Glucan .by TLC and

mixture was filtered through a disposable membrane filter (@5 . . . -
MFS) and was directly injected into an HPAEC system (DX300 series, HPAEC. The patrtial structural information of the purified barley

Dionex Corp., Sunnyvale, CAR@). An analytical column (Carbopac ~ A-glucans was obtained by TLC analysis. Barlgyglucan
PAL, 4 x 20 mm) was connected to the system, and two eluents, A samples were methylated according to the Hakomori method
and B, 150 mM NaOH and 150 mM NaOH 600 mM NaOAc, (20) and hydrolyzed into individual sugar unitg B M TFA
respectively, were used at the flow rate of 1.0 mL/min. The linear treatment. Compared to other structurally confirmed carbohy-
gradient of eluent B was applied up to 50% from 0.01 to 50 min of drates, two distinct spots on the TLC plate were characterized
elution time after 15 min of regeneration with 100% eluent A for the {5 pe 2,3,6-trio-methylo-glucose and 2,4,6-tri-O-methp-
analysis. The potentials (E) and duration times (t) of the PAD were set glucose. This result indicated that tifeglucan structure of
atE; = 0.05 V (b = 300 ms),E; = 0.6 V (i = 120 mV), andes = barley was exclusively composed of two typesfefl,3) and

—0.15 V (3 = 300 ms). The absolute amount of oligosaccharides . . -
produced by lichenase hydrolysis was determined by comparison with f-(1.4) linkages kigure 1). On the basis of the TLC spot

the standard curves prepared with authentic DP3 and DP4 that werelNt€nsity measured by an image analyzer, it was shown that the

highly purified in our study. [_S-glucan of_ Ohl barley consisted of the greafe$t,4) to-(1,3)
Molecular Weight Analysis of Authentic DP3 and DP4: Liquid linkage ratio of 2.36:1 and that Garfgglucan had the lowest

Chromatography—Mass Spectrometry (LC-MS). Mass spectra of ~ (Table 2). This TLC method has an advantage over other

the purified authentic DP3 and DP4 were obtained on an Agilent 1100 analysis methods because the large number of samples can be

series MSD (Agilent Technologies, Palo Alto, CA) using positive analyzed simultaneously.

electrospray mode. Sample solution was delivered to the electrospray Lichenase is a specific enzyme on cergajlucan structure,

source at a flow rate of 80@L/min, and the injection volume was 10  gnd it can cleave thg-(1,4) linkage just aftep-(1,3) from the

uL. The eluent used was 50% (v/v) of acetonitrile in deionized water. nonreducing end. Thus, this enzyme has been widely used to

The fragmentor voltage was set at 150 V while the capillary voltage determine thes-glucan structure and even quantjfyglucan

was maintained at 4 kV. The source temperature was maintained atcontents in cereals. When the lichenase hydrolysates of barley

350°C. The drying gas flow in the source chamber was 11.5 L/min, ) . . .

p-glucans were analyzed using HPAEC, almost identical

and the detection scanning range was fnoriz 100 to 1500. : - .
Statistical Analysis. Statistical analysis was performed using SAS chromatographic profiles were obtained from all three samples.

for Windows version 8.1. Statistical significance in the difference among YWhen 20ul of the hydrolysate sample (0.1%, w/v) was injected
the values was evaluated by Duncan’s test. The significance level wasinto the HPAEC system, two major product peaks on the HPAE

parentheses is the standard deviation. ?Values within the same column with different
letters are significantly different (P < 0.05).

P < 0.05. chromatogram were speculated to be DP3 and DP4 oligosac-
charides (Figure 2). If the unidentified peaks smaller than DP3
were ignored on the chromatograms, the percent weight fraction

RESULTS AND DISCUSSION
of the DP3 and DP4 peaks reached 88—92% (data not shown).

Extraction and Purification of Water-Soluble Barley These values were comparable to the results of previous studies

P-Glucans.The-glucan contents in the selected barley varieties (14, 23—25). However, this quantification method accounted
were determined following a modified AOAC method 995.16 for only the relative amounts of both oligosaccharides based
with the Megazymes-glucan (mixed linkage) assay kit. Basi- on the sum of the detectable peak areas. Moreover, the peak
cally this method can be used to quantify tgiaglucan content area cannot explain accurate weight fraction because the
in barley, that is, both water-extractable and non-water- intensity of the PAD signal gradually decayed as the chain length
extractable fractions. Tot#glucan contents of Gang, Ohl, and increased (15—17). Thus, it is prerequisite to obtain authentic
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2,3,4,6-Me,-Glc —»

2,3,6-Me;-Glc —

2,4,6-Me;-Glc —
2,3,4-Me;-Glc —*

1 2 3 4 5 6 T

Figure 1. TLC analysis of methylated and acid-hydrolyzed barley
p-glucans for the linkage determination. Lanes: 1, 2,3,4,6-Me,-glucose;
2, 2,3,6-Mes-glucose from a-CD; 3, 2,4,6-Mes-glucose from /3-1,3-glucan;
4, 2,3,6-Me;-glucose and 2,3,4-Mes-glucose from pullulan; 5, methylated
and acid-hydrolyzed glucan from Gang barely; 6, methylated and acid-
hydrolyzed glucan from Ohl barley; 7, methylated and acid-hydrolyzed
glucan from Gwang-an barley.

Table 2. S-Glucan Linkage Ratio Determined by Spot Intensity
Analysis?

barley spot ratio of
cultivar linkage intensity (%) (1,4)7(1,3)
Gang (1,4 60.80 1.55
(1,3 39.20
Ohl (1,4) 70.23 2.36
(1,3) 29.77
Gwang-an (1,4) 65.75 1.92
(1,3 34.25

a Spot intensity was determined by an image analyzer. ? 8-(1,4) linkage of purified
[-glucan. ¢ 5-(1,3) linkage of purified 3-glucan.
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Figure 2. HPAEC elution profile of barley 3-glucan hydrolysate produced
by lichenase treatment.

Preparation and Structural Determination of Highly Pure
Authentic DP3 and DP4.To determine absolute amounts of
two major oligosaccharides released fr@rglucan by lichenase
hydrolysis, authentic standard oligosaccharides (DP3 and DP4)
derived from the lichenase-hydrolyzgeylucans were prepared
and highly purified using a recycling HPLC systeifigure
3). From 50 g of Gang barley cultivar, 3.5 and 8.9 mg of DP3
and DP4 were finally obtained, respectively, and their purities
were approximately 92% of total peak area detected from the
HPAEC. We did not note their yields at this point. Thus, further
study of optimizing the separation process would be required
to increase the yield of highly pure oligosaccharides. Because
the number of glucose residues in the tentatively designated
DP3 and DP4 was only speculated from the HPLC retention
time comparison to either malto- or cello-oligosaccharides, the
molecular weights of both DP3 and DP4 were confirmed by
the LC-MS analysisKigure 4). Their mass spectra showed that
the molecular masses\z) of their sodium adducts were exactly
determined to be 527.0 (DPB Na*) and 689.0 (DP4+ Na'),
respectively Figure 4A,B). It was reported that positive ESI-
MS spectra produced oligosaccharide ions predominantly as
sodium adducts 7). Linkage analysis by TLC was also

standard materials of DP3 and DP4 before the absolute amounferformed to confirm the structure of highly purified oligosac-
of each oligosaccharide would be quantified in lichenase- charides. TLC analysis of methylated and TFA-hydrolyzed

hydrolyzed barley3-glucans.

oligosaccharides clearly displayed three distinct spots corre-

When total$-glucan contents in barley flour were measured sponding to 2,3,4,6-tetr@methyl-p-glucose, 2,3,6-trO-meth-
by using the Megazyme assay kit, a noticeable amount of yl-p-glucose, and 2,4,6-tri-O-methphglucose from the top to
precipitation consistently occurred during the lichenase treatmentthe bottom on the platd-{gure 5). When the intensity of each
step. It was previously reported that substantial precipitation spot was determined by color density analysis, the ratio of

occurred during the lichenase hydrolysis of bafleglucan @6),

nonreducing end to (1,4) to (1,3) was 1:0.96:0.90 for the DP3

possibly due to the exposure of a sparingly soluble long linear fraction and 1:2.18:1.16 for DP4Téble 3). Two different

(1,4)-linked region in th@-glucan structure. Thg-(1,4)-linked
chain ing-glucan is structurally identical to cello-oligosaccha-

structures, 39-cellobiosyl-glucose and ®-glucosyl-cellobiose,
of highly pure DP3 could be possible from the TLC result,

ride, the solubility of which is very low. If these linear chains whereas one of them may not exist because lichenase has been
with a -(1,3)-linked stub were released by lichenase from known to hydrolyze thes-(1,4) linkage just after thg-(1,3)
B-glucan, molecular association among the linear chains becamdinkage. Therefore, it was concluded that the purified sample
easier. Thus, the longer chains precipitated more rapidly. Fromwas 3-O-cellobiosyl-glucose. Again, two different structures
this observation, it was suggested that a lower proportion of were possible for highly pure DP4. Considering the factors of

$-(1,3)-linkage interruption irB-glucan structure might result

linkage ratio and lichenase specificity, howeve&ellotriosyl-

in lower solubility. We did not observe the oligosaccharides of glucose would be the best candidate rather th@xc@llobiosyl-
more than DP9 from lichenase-hydrolyzed products because ofcellulose.

either PAD detection limitation or possibly their low solubility.

Absolute Quantification of Lichenase Hydrolysates of

Even though a small amount of longer DPs was detected from Barley f-Glucans. Standard curves of structurally confirmed
the concentrated hydrolysates, it was possible that a larger3-O-cellobiosyl-glucose and @-cellotriosyl-glucose were pre-

proportion of them would be precipitated.

pared and compared with those of malto-DP3 and -DP4 and
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Figure 3. Separation and purification of putative DP3 and DP4 from lichenase-hydrolyzed barley S-glucan by using a recycling preparative HPLC.
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Figure 4. Molecular weight determination of highly purified putative DP3 and DP4 by LC-MS analysis.

cello-DP3 and -DP4HKigure 6). The peak area of trioses on  3-O-cellobiosyl-glucose was lower than those of maltotriose and
the HPAEC profile showed that the PAD signal intensity of cellotriose Figure 6A). This difference in PAD signal intensity
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Concentration (%)
-~ DP3 —®— Cello3 £~ Malto3
B 7.E+06
1. 2 3 4 5 L
X i . i . 6.E+06
Figure 5. TLC analysis of methylated and acid-hydrolyzed highly purified
DP3 and DP4 for the linkage determination. Lanes: 1, 2,3,4,6-Me,-glucose; 5.E+06 [
2, 2,3,6-Mes-glucose from a-CD; 3, 2,4,6-Mes-glucose from /3-1,3-glucan; g |
4, methylated and acid-hydrolyzed DP3 and DP4 from 3-O-3-cellobiosyl- = 4106
D-glucose; 5, methylated and acid-hydrolyzed DP3 and DP4 from 3-O- Sip06r
[-cellotriosyl-p-glucose.
2.E+H06 [
Table 3. Linkage Ratio Consisting of 3-O-3-Cellobiosyl-p-glucose and |
3-0-p-Cellotriosyl-p-glucose by Spot Intensity Analysis 1.E+06
2346Mes  236Mes  24.6Mes 0.E+00
Gl (%) Gl (%) Gl (%) enda:(1,4)b:(l,3)“ 0 0.001 0.002 0.003 0.004 0.005 0.006
DP3¢ 35.03 33.58 31.38 1:0.96 :0.90 Coneentration (4)
DP4¢ 23.01 50.20 26.79 1:2.18:1.16 TOT Dp4 7O Cellod 5T Maltod
Figure 6. Comparison of standard curves among glucose-based DP3s
aGlucose residue at nonreducing end. © 3-(1,4) linkage of purified S-glucan. (A) and DP4s (B).
¢B-(1,4) linkage of purified B-glucan. ¢3-O-B-cellobiosyl-o-glucose. € 3-O-53-cel-
lotriosyl-p-glucose. Table 4. Absolute Contents of Oligosaccharides in
Lichenase-Hydrolyzed Water-Soluble 3-Glucan from Three Barley
was more obvious when @-cellotriosyl-glucose was compared ~ Yai€ties
with maltotetraose and cellotetraodeéigure 6B). Thus, the total
actual amounts of oligosaccharides would be underestimated amount
when maltooligosacharide-based standard curves are used for of DP3  weight molar
quantitative analysis of ®-cellobiosyl-glucose and 8- DP3 DP4  andDP4  ratioof  ratioof  (1,4)¥
cellotriosyl-glucose produced by lichenase hydrolysis. On the (%) (%) (%)  DP3/DP4 DP3/DP4  (13)°
basis of the standard curves of authentic DP3 and DP4, therefore,Gang 4647a° 2682a 7329a 173a 229a  225a
the weight percentages $£(1,3)/(1,4)-mixed-linked DP3 and 079 117 19 005 006  0.00
DP4 were calculated from lichenase-hydrolyzed oligosaccha- Ohl 45.73a 2673a 7247a  1l7la  226a 225a
rides. As shown irTable 4, the weight fractions of DP3 and 042 099 141 005 008 001
DP4 were obtained within very narrow ranges from 45.7 to Gwang-an  4574a  2567a 7l4la  178a  235a  224a
46.5% and from 25.7 to 26.8%, respectively, among the 058 063 L2l 0.02 0.03 0.00
pB-glucan samples. These two major hydrolyzed products ac- :g"cd 52;3 3106 8680 179 S% 224
counted for 71.4—73.3% of tot@-glucan content, which was ' '
MALDI-MSe 5755 3197  89.52 1.80 2.38 2.23

determined by a lichenase-based assay kit. Actually, the relative oy 0.14

weight percent fraction of DP3 plus DP4 was around 90% on

the HPAE chromatogram as discussed above. When We a1 4) linkage of purified f-glucan. © 5-(1,4) linkage of purified f-glucan.
considered the specific hydrolysis pattern of lichenase on cvalues within the same column with different letters are significantly different (P
pB-glucan structure, the linkage ratio of (1,4) to (1,3) was = 0.05). %¢Data were adopted from ref 14.

identical among the samples tested. Compared to other reported

studies, this linkage ratio of 2.24.25 was exactly matched to  compared, more than 10% of DP3 and 5% of DP4 were lower
2.24 by HPLC and 2.23 by MALDI-MS even though absolute than the results of the other work. From the results, the response
amounts of DP3 and DP4 were quantified to be quite different sensitivity of authentics-(1,3)/(1,4)-mixed-linked DP3 was
(14). This linkage ratio could be an indicator or fingerprint of smaller than those of malto- and cello-DP3s (Figure 6). These
specific plant-basegi-glucan. Barley samples having more discrepancies in the response sensitivity were even prominent
diverse genetic background should be analyzed to confirm thewhen DP4s were compared within the concentration range from
constant linkage ratio. When the absolute amounts were 0.1 to 0.5%. Therefore, a more careful analytical method should
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be considered to quantify the building blocks gfglucan
structure.
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