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A set of 31 murine monoclonal antibodies was produced against (1—3,1—4)3-p-glucan from oats
(Avena sativa L.) chemically cross-linked to keyhole limpet hemocyanin. Monoclonal antibodies were
tested for their cross-reactivity to related and unrelated polysaccharides. The antibodies reacted
strongly to unmodified g-glucan from oats and barley (Hordeum vulgare L.) and to lichenan from
Icelandic moss, a polysaccharide with a structure similar to that of g-glucan but which is not
encountered in cereals. Cross-reaction to other polysaccharides tested was minimal at physiological
levels. An enzyme-linked immunosorbent assay (ELISA) that could routinely detect and quantify
nanogram levels of soluble -glucan extracted from the flour of oats or barley was designed with one
of these monoclonal antibodies. The f-glucan extraction procedure from ground oat and barley
samples and the ELISA were both optimized for reproducibility, accuracy, and throughput, and results
were compared to values obtained from an established, commercially available enzyme-based assay.
Correlations between the two assays were consistently high (r2 > 0.9), indicating that the ELISA
presented in this paper is a valuable alternative for assaying $-glucan levels in cereals and cereal
products, both routinely and in preparations in which -glucans are present in nanogram amounts.
Development of the extraction procedure for ELISA is discussed.
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INTRODUCTION Oats are an important ingredient of many familiar foods and
food products, such as breakfast cereals, baked goods, and
snacks, in which high levels @g-glucans are clearly beneficial.
Barley is also beginning to find a niche market as an ingredient
of baked foods for human consumption, with similar health
benefits. In contrast to this, both oats and barley are used for
animal feed for which, particularly in the poultry and hog
industries3-glucans are undesirable (6). Barley is also grown
for malt used in the brewing industry; howevet;glucans
adversely affect processing because they can form gels or hazy
precipitates during fermentation or beer storage3}. There is
clearly a need for cereal breeders to tajibglucan levels in

pB-D-Glucans are major structural polysaccharide components
of the seed of oats and barley and together with cellulose and
arabinoxylans are the main contributors of dietary fiber in these
grains.f-Glucans are unbranched linear polymers of glucose
linked by (1—3) and (1—4) linkages. There are minor
variations in the ratios of these linkages, glucans from
all sources are at least partially soluble in aqueous buffers and
form viscous solutions, althoughglucans from oats are more
readily solubilized than those of barleg)( Nonstarch poly-
saccharides have health benefits for humansgFgiucans there
is a large body of evidence showing an ability to lower serum ; X .
cholesterol levels in humans and ra2s-@). It has been shown, _oat and barley cultivars to meet the requirements of their
for example, that rats fed a diet rich firglucan had serum  Intended end-use.
cholesterol levels reduced 2.5-fold, low-density lipoprotein ~ The commercial importance g¢8-glucans has led to the
(LDL) cholesterol 1.6-fold, and triglycerides 1.3-fold, compared development of at least two methods for their assay. The first
to rats fed a control diet3). These reductions contribute to is based on an intense fluorescence produced by a complex of
lowering the incidence of heart disease. More recently, Cavallero Calcofluor with -glucan (9), and the second is based on the
et al. (5) have measured decreased glucose levels in theenzymatic degradation of the polysaccharide faglucan
postprandial blood of human subjects given a diet with a high hydrolases10) followed by a spectrophotometric measurement
glycemic index when eating barley products richshglucans. of liberated reducing sugars. Both of these methods are used

routinely in the brewing and food industries, but neither is

* Author to whom correspondence should be addressed [telephone (204)entirely suitable as a hig_h'tththUt assayﬁq.[jlucans in
983-2385; fax (204) 983-4604; e-mail crampitsch@agr.gc.ca]. barley or oat flour, of the kind that would be required by cereal
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breeders. The main throughput barriers for any large-scale assaytable 1. Sources of Barley and Oat Samples Used in This Study
are sample preparation and cost, the latter of which is greatly

reduced for the enzyme-linked immunosorbent assay (ELISA). _ . fraction/
ELISA has the further advantage that it can be performed in samplefcultivar _ year location description
96-well (or larger) arrays and can be adapted to existing liquid- barley AC Metcalfe 2001 Brandon, MB®  malt
handling robots. Monoclonal antibodies have been made suc- CDC Alamo 2000 SK flour
cessfully to detecf3-glucans in the cell wall of wheat by CDC Dawn 2000 SK shorts
. L . Condor 2000 SK dusted flour from bran
immunotransmission electron mlcroscouyll,_ but an ELISA CDC 92-55-06-54 2000 SK shorts
suitable for high-throughput assay/@glucans in ground cereal CDC Alamo 2000 SK shorts
samples is still lacking. . oats  OT7051 2001 Indian Head, SK  wholemeal
One of the challenges of producing any assay to detect AC Ronald 2001 Glenlea, MB wholemeal
p-glucans is the development of an extraction protocol that W01323 2001  Brandon, MB wholemeal
solubilizes and thus permits accurate measurement of total Commzfc'a' wholemeal
-glucan 13). This is of ial concern for barl Itivar ground oats
p r? ui?ahs 2 S)d | sisol spec? co (;e Ioblba teyputlab]s, W01321 2001 Brandon,MB  wholemeal
which have widely varying ratios of soluble to insoluble commercial bran A bran
p-glucans 1_4). Furthermore, the extrgcﬂon method must be commercial bran B bran
nondestructive to preserygglucan epitopes for the ELISA. wheat Glenlea 2001 flour

This precludes use of enzymes such as lichenase f/and
glucanase, which form the core of the standard enzymatic
measurement method (15), relying instead on chemical extrac-
tion.

2 Canadian provinces (MB = Manitoba, SK = Saskatchewan).

We describe an ELISA suitable for low- and high-throughput (15). A kit designed for the application of this method was purchased
from Megazyme and used for all enzyme assays. A standard curve of

measurement gi-glucan Ieyels in ground Cere?"- Efforts hqvg commercially prepareg-glucan from oats andisio were used to
been made to select an optimal monoclonal antibody, to optimize c5icyjate the amount gf-glucan present in oat and barley samples.
ELISA conditions, and to develop a method capable of proc- Three extraction agents, 20 mM sodium phosphate buffer, 1 N

essing hundreds of samples with little cost in time and labor. NaOH, and 0.2 N HNG were evaluated for their ability to solubilize
Methods for extractingd-glucans for ELISA have been inves-  g-glucan from oats and barley. This was done by assaying solubilized
tigated, and the extraction method used for the ELISA reported g-glucan by ELISA and the enzymatic procedure, as described below,
here is designed to maximize the extraction of soluble and and assaying unextractghiglucan remaining in the pellet using the
insolubles-glucans from samples. Data comparing this ELISA enzymatic assay.
with 8-glucan measurements made by the established assay of Samples were obtained from cereal breeding and quality analysis
McCleary and Codd (10) are presented. programs located at Winnipeg or Brandon (MB, Canada) and Saskatoon
(SK, Canada)Table 1). Hulled seeds were mechanically dehulled and
MATERIALS AND METHODS milled to pass through a 0.5 mm screen. The resulting wholemeal and/
or fractions, hereafter termed flour, were dried and stored desiccated
Preparation of Antigen and Production of Antibodies. Oat until needed. In a glass test tube, 20 mg of flour was wetted with 200
(1—3,1—4)B-p-glucan (medium viscosity) was purchased from Mega- uL of ethanol and then resuspended in 2 mL of 1 N NaOH. Samples
zyme (Bray, Ireland), chemically modified and cross-linked to keyhole were left at room temperature for 10 min with occasional vortexing.
limpet hemocyanin (Pierce, Rockford, IL) exactly as described by Debris was then centrifuged briefly at low speed (32@8g2 min).
Meikle et al. (L1). This antigen was used to prepare murine monoclonal The supernatant was diluted-280000-fold with PBS before transfer-
antibodies following standard procedurds). Four mice were im- ring 100uL into the wells of Maxisorp ELISA plates (Nunc, Roskilde,
munized by three intraperitoneal injections-ef mg of conjugate and Denmark).
a final intravenous injection on the day before the fusion. Antigenic For processing large numbers of samples rapidly, the same method
response was determined by ELISA performed on serum collected by was used, but scaled down: 5 mg of flour was weighed onto a 15 mm
a tail bleed. A single fusion was performed on the best responder. A GF/A glass fiber disk (Whatman, Maidstone, U.K.). The entire disk

total of 31 antibody-secreting hybridomas that bound-glucan were was then placed inta 2 mL well of a deep-well microtiter plate
identified by ELISA, and seven of these were single cell cloned twice (Whatman) containing a single 2 mm glass bead and extracted with 1
by limiting dilution. mL of 1 N NaOH with vigorous shaking at room temperature in a

Antibody Purification. Antibodies were purified from tissue culture ~ commercial paint shaker for 20 min. After extraction and centrifugation,
supernatant (TCS) by chromatography. The TCS was first precipitated samples were diluted 50000-fold in PBS, and then 100 was
from 50% saturated ammonium sulfate and the pellet redissolved in transferred to wells of an ELISA plate. All plates were kept overnight
0.1 volume of phosphate-buffered saline (PBS; 137 mM NaCl, 3 mM at 4°C.
KCl, 10 mM NaHPQ,, and 1.76 mM KHPOQ,, pH 7.2). Antibodies The following day, wells were emptied and washed three times with
were then purified by protein G affinity chromatography gsinl mL PBS. A hand-held Immuno-Wash 8 plate washer (Nunc) was used
HiTrap column under conditions recommended by the manufacturer initially and after each subsequent step. Plates were blocked with 2%
(Amersham Biosciences, Little Chalfont, U.K.). Antibodies were eluted BSA in PBS with 0.1% (v/v) Tween 20 for 1 h at room temperature
from the column with 0.1 M glycine, pH 2.8, which was immediately ~ (~22 °C). Monoclonal antibody 9E11 was then added to each well at
neutralized with 2@L/mL 10% (v/v) diethanolamine. Antibody purity 25 ng/uL in PBS with 0.2% BSA and incubated at room temperature
was assessed by denaturing polyacrylamide gel electrophoresis. Proteirior 1 h. Finally, plates were incubated with an alkaline phosphatase-
content was determined using the Bradford dye-binding assay with anlinked goat anti-mouse conjugate (Sigma, St. Louis, MO) diluted as
IgG control (Bio-Rad, Hercules CA). recommended by the manufacturer in PBS with 0.2% BSA. After 1 h,

For large-scale production of monoclonal antibodies, hybridomas plates were incubated with 5 mg/ng:-nitrophenyl phosphate in 10%
were grown in Dulbecco’s modified Eagle medium supplemented with (v/v) diethanolamine. The absorbance of wells was read after 1 and 3
10% fetal bovine serum until maximum growth was achieved. At this h at 405 and 620 nm in a multiwellQuant spectrophotometer (Bio-
stage the medium was removed and centrifuged to remove cells, andTek Instruments, Winooski, VT). All ELISA absorbance values are
antibody was purified by affinity chromatography as described above. reported aghios minus Asxo after 3 h. The effect of the GF/A disk on

Sample Preparation and AssaysStandard enzymatic determina-  the outcome of the ELISA was assessed; template-negative controls
tions of -glucans are described by AACC Standard Method 32-23 (blanks) were run on each plate.
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All samples were assayed in duplicate on each plate, and each assayaple 2. Properties of 8 of 31 of the Anti-3-glucan Monoclonal

was carried out on two ELISA plates. Antibodies Evaluated

Modifications to the Extraction Procedure. For ethanol precipita-
tion of B-glucans, the supernatant from the NaOH extraction was cross-reactivity by ELISA®
neutralized with an equal volume of 1 N HCl and Ld0Owas aspirated competitive® direct

and precipitated from 80% ethanol for 30 min-a20 °C, followed by
centrifugation at 3200¢pr 10 min. The pellet was redissolved in 400
uL of PBS, diluted, and loaded into the well of a microtiter plate.

To compare the ELISA and enzymatic procedure directly, dissolved 4G9 lgG1 3.25 0.16 0.41 0.75 0

sensitivity? arabino- arabino-
antibody  isotype (ng) lichenan xylan lichenan Xylan

fS-glucans were obtained by chemical extraction without lichenase as 586 lgG1 120 NDe ND 0.86 0

. . 5G4 lgG1 3.25 0.34 0.85 0.80 0
follows: flour samples were extracted with NaOH as before, but flour 6C8 lgG2a 60 ND ND 032 0
was removed by centrifugation before the addition of lichenase. The g3 lgG1 120 ND ND 0.88 0.01
supernatant only, containing dissolvgeglucan, was then used for 9E11 IgG1 3.25 0.84 0.89 0.61 0
f-glucan analysis using both ELISA and enzymatic assays. Residual 10F11  IgGl 3.25 0.68 0.89 0.65 0
fB-glucan remaining in the pellet was measured using the enzymatic 14E8 lgG1 3.25 0.70 0.84 0.60 0.02

procedure, treating the pellet as a new sample of flour for analysis.
For extractions needing enzymes, care was taken to ensure that the 2 Sensitivity is the minimal amount of antibody required to give a signal,
enzyme was placed into and incubated in a suitable buffer at a suitable“detection” is defined as an absorbance reading (As minus Agzo) greater than the
temperature. mean plus 3 standard deviations of 15 negative samples (wheat flours). ® Values
Antibody Characterization. The isotype of all 31 monoclonal for the most cross-reactive polysaccharide shown as Ass (polysaccharide)/Asos
antibodies obtained was determined by an indirect ELISA using anti- B-glucan. ¢ Values for 10-fold excess competing polysaccharide. ¢ Values of <0.01
isotype specific antibodies (Sigma). Ambiguous results were confirmed are shown as 0. € Not determined.

using a reagent-strip-based isotyping assay (HyCult). Antibody sensitiv- \y ¢ 5 direct ELISA. the effect of this cross-reactivity on the
ity was measured by ELISA by assaying the amount of antibody needed ELISA results presénted is minimal

in nanograms to detect a nonlimiting amounpedlucan (100 ng) after : . .

1 h of substrate incubation. “Detection” was defined as an absorbance Tablg 2summarizes the properties of eight of the monoclonal

reading (Aos minus Aco) greater than the mean plus 3 standard antibodies that were used for further study. They were chosen

deviations of 15 negative samples (wheat flours). on the basis of sensitivity, serotype, and ease of culturing the
Direct ELISA to test for cross-reactivity to dextran, amylose, Parenthybridoma. The others have been partially characterized,

amylopectin, arabinoxylan, pectin, locust bean gum, guar gum, cellulose, including 10 IgMs, (unpublished data), and are being stored

and lichenan was performed as described above. Competitive ELISA either freeze-dried or frozen. Monoclonal antibody 9E11 and

was performed as follows. Plates were coated with 100 ygifican its parent hybridoma line had the best overall properties, and it
per well as described and allowed to bind overnight &C4 After was used for all subsequent ELISAs.
blocking and washing as before, BQ of competing polysaccharide ELISA: Linear Range. The response of the ELISA to

was added followed immediately by 0 of monoclonal antibody in commercially available, purified og8-glucans using 9E11
PBS with 0.5% BSA, giving final polysaccharide concentrations of 100, (Figure 1) and 10F11 (not shown) was linear over a range of
10, 1, and Qug/100uL. The competition reaction proceeded fioh at ~1-20 ng of -glucan/mL, with a linear regression valug

22 °C. Sample negative controls, without initial antigen, were made 0.958. Thi tablished rically after it
on the same plate; all samples were run in duplicate and on duplicate ™ ™~* : IS range was established empirically after it was

plates. The ELISA was completed as before. Results were expresse®Pserved that higher levels gtglucan failed to increase the
as the percentage of signal reduction (averaged), relative to the ELISA response, which reached a plateau wHeglucan was
maximum signal wells (i.e., those without competing polysaccharide). >25 ng/mL (unpublished observation). This was also reported
by Meikle et al. (11). Correlation coefficients?(rfor the 10
RESULTS most recent standard curves run during this study ranged from
0.902 to 0.998 and the dynamic range (absorbance maxima)
Monoclonal Antibodies. The myeloma/splenocyte fusion from 0.3 to 0.8. In subsequent ELISA experiments extracted
yielded 31 stable hybridomas producing monoclonal antibodies flour samples were diluted so that thgiglucan content would
to f-glucan. All antibodies gave strong ELISA values with oat fall approximately within the linear range. A linear relationship
and barley3-glucan afte a 3 hsubstrate incubation period, and  betweens-glucan amounts ands;o with r2 = 0.997 was also
ELISA values to Icelandic moss lichenan ranged from an obtained with the enzymatic assay under the conditions shown
approximately equal signal to a 3-fold reduced signal (Table in Figure 1.
2). Icelandic moss lichenan has a structure very similar to that The relationship betweefi-glucan amounts measured by
of f-glucan but is not encountered in cereals. All other ELISA and by the enzyme assay was also linear, after suitable
polysaccharides tested, including ones that are commonly founddilution of the ELISA samples. Lower dilutions gf-glucan
in cereals such as amylose, amylopectin, cellulose, and pento-extracted from grain failed to reach a plateau, instead showing
sans, gave ELISA readings which were at background. Zero- reduced absorbance values.
target blanks, zero-antibody blanks, and flour that was essentially ELISA: Ground Barley and Oat Samples. The oat and
p-glucan-free (wheat) all gave similar ELISA signals, which barley flours and brans that were used for this study are listed
were at background. To ensure that polysaccharides were ablén Table 1. They were chosen to cover a rangefeflucan
to bind to the plate, competitive ELISAs were also rliable values Table 3). Results of an ELISA of these samples, together
2 shows competition ELISA results of the two most cross- with levels of3-glucan measured by the enzymatic method, are
reactive polysaccharides tested, expressed as a ratio of absoriplotted as a curve g#-glucan amount (micrograms per milliliter)
ances obtained for wells with 10-fold excess of competing and corrected absorbanceyg@minusAszq) (Figure 2). Ther?
polysaccharide compared to the zero-competitor well. When a values for these curves were 0.990 (barley) and 0.955 (oats).
1000-fold excess was used, the monoclonal antibodies testedTheser? values show a good correlation between results of the
again cross-reacted mainly with lichenan and arabinoxylan two assays.
(between 84 and 94% reduced signal, unpublished observation). A more detailed analysis of the extraction procedure showed
However, because the assay format usegbfglucan analysis that some 5% ofi-glucans remained in the pellet of barley flour
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Figure 1. Standard curves of (A) ELISA data quantifying commercially

purified oat -glucan amounts with monoclonal antibody 9E11 and (B) Figure 2. Comparison of assays used to quantify S-glucan prepared from
enzyme-based measurement (15) of the same commercial oat 3-glucan. ground (A) barley and (B) oat samples. Independent extraction methods

were used to measure total S-glucan by ELISA and with the enzyme-
Table 3. Amount of Unextracted 8-Glucan Remaining in the Pellets based measurement (15).

after Extraction by NaOH or HNO;

Table 4. Effect of Various Components on the Extraction of 3-Glucan

% unextracted S-glucan® from Oat and Barley Flour for ELISA
variety NaOH HNO3 %pG?
a

AC Metcalfe malt 49 13 0.6 A
CDC Alamo flour 3.46 174 5.1 oat barley
CDC Dawn shorts 3.18 3.6 6.6 treatment WO 1323 CDC Dawn
Condor bran flour 2.56 3.79 7.7 -
CDC 92-55-06-54 shorts 3.88 489 89 ; PEAp: extraction” . 0.767 065
CDC Alamo shorts 4.96 3.89 114 .2 M sodium ph.osph.ate extraction 0.445 0.563

3 1 + ethanol precipitation 0.661 0.584
0T7051 wholemeal 0P 0 3.7 4 1 + proteinase K 0.714 0.446
AC Ronald wholemeal 0 0.45 48 5 1+ o-amylase 0.718 0.547
WO01323 wholemeal 0 1.65 59 7 1 +lichenase 0.035 0.029
commercial ground oats 0 2.13 6.8 8 1 +lysozyme 0.244 0.176
WO1321 wholemeal 0 1.22 73 % fB-glucan 5.9 6.6
commercial bran A 0 3.54 7.9
commercial bran B 0 2.63 8.5 a Absorbance measured after a 3 h substrate incubation; 10 ng/mL B-glucan.

b Control method described in text.

2 B-Glucan was measured by standard enzyme assay (15) and is shown as

myg of B-glucan per 100 mg of flour. ® A zero reading indicates that the value was enzymes); this effectively allows both assays to measure exactly
below the threshold of the assay. the same pool of-glucan. However, correlation coefficients
after NaOH extraction, as measured by the enzymatic assaywere consistently in the same rangé$ 0.95), suggesting that
whereas all of the measuralfleglucan was extracted from oats  the unextractabl8-glucan does not seriously affect the accuracy
(Table 3). Attempts were made to improve recovenyeflucan of the ELISA.

from the pellet by using 50 mM nitric acid as suggested by  Other variations in the extraction procedure included extract-
Manzanares and Sendr&7); this resulted in reduced yield in  ing with 20 mM phosphate buffer, pH 6.8, with boiling or adding
oats and approximately the same yield in barley, with minor an enzyme step to the extraction. Lichenase, proteinase K, and
variations between sampleFgble 3). Attempts were made to  a-amylase (and lysozyme as a control) all failed to improve
improve correlation between the two assays by measuring the response of the ELISAT@ble 4). Inclusion of an ethanol
chemically extracte@-glucans (i.e., without lichenase or other precipitation step gave inconsistent results, again with a reduced
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ELISA signal. Deviation from the NaOH extraction did not its antigenic properties and if possible maintaining the 96-well
improve the assay and merely added steps to the procedure. array format for throughput. Endogenous components of the
grain, such as enzymes, other proteins, and possibly secondary
DISCUSSION phenolics, can interfere with the ELISA by reducing the signal
o . ) . at low dilutions of sample, but their effects were eliminated by
The monoclonal antibodies raised to chemically modified g high dilution required by the assay. Addition of enzymes to
B-glucan gave a specific, "”ef’” responsﬂ{glucan by ELISA. he extraction resulted in a reduced response even if the enzyme
Because a linear response is also obtained from the standarqy,q nrejated (e.g., lysozyme) and even at low concentrations.
enzymatic assay, the ELISA can be used in its place for soluble ;s 5 ,ggests that protein is binding to the plate in competition
B-glucan measurements. Itis also _possuble to use the ELISA®O yith the pB-glucan or otherwise interfering with the assay,
get an accurate estimate of relatl)_ﬂeglucan Ievels_ln flour resulting in a reduced ELISA signal. In the case of lichenase
samples if the described extraction procedurg IS fol!owed there was a reduced signal even with short incubation times,
exactly. Even the type of plate used (Nunc with MaxiSorp presumably because of the destruction of epitopes, a process

surfafet)_ wasTcrltlca;Ih to tobta|n|r}g Ig(iOd standard curc\j/esc,: antd that may continue during antigen incubation on the ELISA plate.
correlations. Two other lypes of plale were assesse (Cos a\when samples from oats or barley were extracted, it was found
and Nunc polystyrene), but these were less sensitive and gav

inferior results with low correlation coefficients (not shown) e_[hat extraction conditions which are _damaglng to proteins (i.e.,
T . .7 in NaOH or HNQ) gave more consistent ELISA values than
Care must be taken in interpretation of result_s, especially milder extractions (i.e., phosphate buffer). Using NaOH as an
when the measurement of apsplutg amounts Is attempted'extracting agent has the further advantage that it is more efficient
because residu@-glucans remaining in the flour can amount

. at extracting3-glucans of lower solubility from barleyié). No
to 5% (T‘.ib'e 3), although h|gher values,_ up to 20%, hav_e been advantage was noted when sodium borohydride was used to
reported in some casekd). This value varies between cultivars.

. h prevent alkaline peeling ¢gf-glucan. We also found that using
We have shown that this does not seriously affect the results of . :

; ) . 96-well deep-well plat tent
the ELISA. The ELISA is thus a valid screening tool for early 6-well deep-well plates as described gave more consisten

. .7 results than using glass test tubes, probabl he mor
generation identification of high- or loW-glucan lines and is esults than using glass test tubes, probably because the more

. . convenient format of the plate permits more synchronized
an excellent low-cost, high-throughput assay for dissolved handling of samples P P y
pB-glucan measurement. '

e . 0
The ELISA has a limited linear range. Results are not accurate Precypﬂatmgﬁ qucan; in 80/0 ethanol after the N'?‘OH
if p-glucan levels approximately20 ng/mL are used, so extraction and then redissolving in PBS removes protein and

dilution into this range is necessary. This is both an advantage.c’ther contaminants such as secondary phenolics that are soluble

and a disadvantage; the high sensitivity of the assay permits" ethanol. This gave a g_ood response, but did not consistently
testing of very small samples and also suggests that thecorrelate well to enzymati6-glucan measurements, presumably

monoclonal antibodies could be used in other experiments in because_ c_n‘ the difficulty of re_covering and redissolving all of
which sensitivity is paramount. Small sample size also makes € Precipitategi-glucan. Despite the loss of some unextractable
the assay compatible to 96- or 384-well arrays. The drawbackﬂ'glucan' we h_ave found that the NaOH method dt_escrlbed gave
is that large dilutions have to be made accurately to bring the most consistent results. It s_hould be emphasized that even
B-glucan samples into the correct range for accurate ELISA. small deviations from the described procec_zlure coulo! give rise
When wholemeal from breeder's lines is assayed, varieties ©© POOr ELISA results, but these were easily recognized from
exceeding 129-glucan are rarely encountered, most being in the 'standards run on each plate. Since working on the initial
the 2—9% range. The 50000-fold dilution brings samples with 9€sign of the ELISA procedure we have found that the use of
B-glucan <20% into the linear range of the assay. Enriched & Ilqyld-hgndllng robot reduces errors and eases the.burden of
samples, such as brans, wjthglucan levels in excess of this multiple pipetting steps, especially when dealing with large
are encountered, and the user should try several dilutions.S@mple numbers.
Malting barley varieties or other samples with very I8vglucan Comparison of the ELISA procedure directly to the enzymatic
(<1%) are best assayed at lower dilutions. Some caution shouldprocedure is difficult because both rely on different extraction
be used when enriched fractions suspected of being very highprocedures. The ELISA uses NaOH to extfagiucan, whereas
in arabinoxylan ¢10-fold excess relative t@-glucan) are  the enzymatic procedure uses a mild phosphate buffer, heat,
assayed, because all of the monoclonal antibodies tested shovand lichenase. However, because lichenase destroys the anti-
some cross-reactivity to this pentosan in a competitive ELISA. genicity of 3-glucan for the monoclonal antibodies used, it is
Such high levels of arabinoxylan are not encountered in not possible to measurg-glucan accurately by ELISA after
wholemeal, which typically contains10%, nor in flour, which this extraction and an accurate comparison of the two methods
is typically <3% arabinoxylani8). It is also important to point  is therefore complicated. It is likely that each procedure liberates
out that during the direct ELISA the monoclonal antibody is different amounts of-glucans, but the high correlation coef-
never in solution with the extracted sample, as it is in a ficients obtained indicate that this is not a serious problem. It
competitive assay, and only minor levels of interfering poly- is important for anys-glucan assay to be based on an extraction
saccharides liberated from the plate during incubation could protocol that solubilizes as much of tffieglucan as possible,
reduce the ELISA signal. Cross-reaction to nbgiucan especially in barley, where less soluble formsBeflucan are
polysaccharides was thus not a concern and was further reducegiresent and where variability between cultivars is higher.
by keeping the primary antibody concentration well above its Investigation of3-glucan left in the flour pellets after extraction
sensitivity limit. confirmed this Table 4), showing noS-glucan in oat flour
During the design of the ELISA it became clear that results pellets and an average of 3.8%glucan in barley flour pellets
of the assay would depend on the efficiency of the extraction when 1 N NaOH was used to extract as described under
procedure. Many variations were attempted, the most importantMaterials and Methods. Nitric acid was not as effective, and
of which have been described in the text, with the ultimate goal the procedure, which involves boiling the acid, was more
of extracting as mucl-glucan as possible without destroying hazardous to execute.
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We have designed an ELISA based on a specific monoclonal (6) McNab, J. M.; Smithard, R. R. Barlg+glucan: An antinutri-
antibody to detecf3-glucan in oat and barley flour and in tional factor in poultry feedingNutr. Res. Re 1992,5, 45~
solution. In principle, the assay should work for any food-related 60. _ _
products, for example, bran, which is a milling fraction enrichned ~ (7) Vis, R. B.; Lorenz, K -glucans: Importance in brewing and
with f-glucan, and thus should find use in food quality g]seghods of analysid.ebensm. Wiss. Techndl997,30, 331—
laboratories as well as cereal-breeding programs. The ELISA :

. . . (8) Grimm, A.; Krueger, E.; Burchard, W. Solution properties of
is being evaluated by Canadian oat and barley breeders who B-0-(1—3,1—4)-glucan isolated from beeZarbohydr. Polym.

are mandated to introduce varieties with both high and low levels 1995,27, 205-214.

of B-glucan. The high sensitivity of the assay, low cost, and (9) Wood, P. J.; Weisz, J. Use of calcoflour in analysis ofbat
nonreliance orB-glucan hydrolases make the ELISA especially glucan.Cereal Chem1984,61, 73-75.

attractive for measuring levels of dissolvgdylucan in various (10) McCleary, B. V.; Codd, R. Measurement of (1—3),(1—4p-43-
liquid products, such as beer. The assay is quantitative, and glucan in barley and oats: A streamlined enzymic procedure.
because of the compatibility of ELISA with scale-up and liquid- Sci. Food Agric.1991,55, 303—312.

handling robotic equipment, it has the potential to become a (11) Meikle, P. J.; Hoogenraad, N. J.; Bonig, |.; Clarke, A. E.; Stone,
high-throughput assay, which is currently lacking feglucan B. A. A (13,1—4)-glucan-specific monoclonal antibody and

its use in the quantitation and immunocytochemical location of
(1—3,1—4)-p-glucansPlant J.1994,5, 1-9.

(12) Bhatty, R. S. Extraction and enrichment of-@),(1—4)-5b-
glucan from barley and oat brarSereal Chem1993,70, 73—

determination.

ABBREVIATIONS USED

BSA, bovine serum albumin; ELISA, enzyme-linked immuno- 77.
sorbent assay; PBS, phosphate-buffered Sa”ne; TCS, tissue (13) Burkus, Z.; Timelli, F. Effect of extraction conditions on yield,
culture supernatant. composition and viscosity stability of barlgy-glucan gum.

Cereal Chem1998,75, 805—809.
(14) Izydorczyk, M. S.; Storsley, J.; Labossiere, D.; MacGregor, A.
W.; Rossnagel, B. Variation in total and solufiglucan content
We thank Peter Wood for the kind gift of polysaccharides. in hull-less barle)_/: Effects of thermal, physical and enzymatic
treatmentsJ. Agric. Food Chem2000,48, 982—989.
(15) American Association of Cereal Chemists. Method 32-23.
B-Glucan content of barley and oatRapid enzymatic procedure.
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