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Development of Competitive Indirect ELISA for the Detection of
Buckwheat in Processed Foods

Su-Yeon Back, Jeong-Ryong Do, and Dong-Hwa Shon*

Functionality Evaluation Research Group, Korea Food Research Institute

Abstract We developed a competitive indirect enzyme-linked immunosorbent assay (ciELISA) for determining the
buckwheat content in processed foods by using rabbit polyclonal antibodies against buckwheat proteins (BWP). The
detection limit of this assay was 0.05-100 pg/mL. The cross-reactivities of the anti-BWP antibodies toward BWP,
buckwheat flour, whole buckwheat, and cereals (wheat flour, whole wheat, black bean, mung bean, red bean, brack rice,
brown rice, glutinous rice, white rice, millet, African millet, nonglutinous millet, adlay, and rye) were 100, 17.9, 11.8, and
0%, respectively. Thus, the antibodies were found to be specific for buckwheat only. When buckwheat flour was heated
for 30 min, the mean assay recoveries of BWP were 83.0% at 60-90°C and 44.5% at 100°C. The spike test showed that
the mean assay recoveries of buckwheat from raw noodle, boiled noodle, starch gel, and cereal flour were 99.1, 98.6, 81.1,
and 104%, respectively. For the 22 commercial items tested, the qualitative coincidence ratio of assay result and the
corresponding value indicated on the item's package label was 100%. However, the average quantitative coincidence ratios
from 12 commercial items were 31.6%. Thus, the results suggest that ciELISA is an efficient tool to detect buckwheat in

processed foods.
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Phosphate buffered saline (PBS: 0.01 M phosphate buffer with
0.138 M NaCl, 0.0027 M KCI, pH 74), PBS with Tween 20
(PBST, 0.01 M phosphate buffer with 0.138 M NaCl, 0.0027
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M KCI, 0.05% Tween 20), phosphate citrate buffer tablet, 3,3,
5,5'-tetramethyl benzidine dihydrochloride (TMB), Freund's adju-
vant, cabornate-bicarbonate buffer, goat anti-rabbit IgG-HRP con-
jugate 5= Sigma Chemical Co. (St. Louis, MO, USA)Z+H
TABIATE. New Zealand White 3 E7|= 3+ F 5 & (Pyeong-
tack, Korea)Z25-El F3I2™, microplate= NuncAH(Roskilde,
Denmark)2] Maxisorp™E., microplate reader== Molecular Devices
AHSunnyvale, CA, USA)] ThermoMax™E AM&-sI3ith. wd 7t
F= 5HsAAM FYsIALH, I/ 7HAEF AlEE 2013
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A LS 918 Yo s WEUREREYH duds &
ato] ARSIt 0.086 M NaClk 0.033 M NaHCO,Z ZF5l
=o] YHE buffere} WZ7FREE 10:12] HIEZ 40 AAolA
2477 wRksle] whlE g FESFATE o]F 12,000 gollA 30
7+ AAEF S F5NS FHdl cut off 3 kDa membraneS ©]&
3k ke]od 3 (Amicon Ultra, Millipore, Cork, Ireland)E ©]-83} 3
kDa o] E&ES F3AT olF AR d2 wd o
1 (buckwheat proteins, BWP)S 5= 3I3t). SH|E BWP
o] #AF #XE ERIs] 913 Laemmli ®#H 1)) wH} SDS-
PAGES 4AI38I51t.
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complete adjuvants 1:12 &3t THE 8 1mLE I35
AFSFaATE o]F F7F WS fJste] 25l 3 MR FYRL
adjuvant®A] Freund’s incomplete adjuvantE ©]-&-3&} T} v &
Adg FUT IFY F, E7]9] 7 Ao rRE A
S 4°CollA s A § A4EE](4,000xg, 10 minyate] &
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WAl BWPE 2ugmlLe FXE coating buffer (tris
hydroxymethyl aminomethane 0.05M, pH 9.0)°ll 3]43}3t}. o5&
microplate wello] 100 uL¥ EF31] 4°CollA 35 H215HA
t}. o]A<& PBST washing buffer® 33] AlZ3 TS, 1/10,000%

r
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oAl 33 AlFe & 7]12-899(0.01% TMB in phosphate-citrate
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Fig. 1. SDS-PAGE pattern of buckwheat proteins (BWP). Lane
(M) is a molecular weight marker.
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Fig. 2. Standard curve of buckwheat proteins (BWP) by
ciELISA.
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Fig. 3. Reactivity of anti-BWP antibodies towards cereals as
determined by ciELISA.

Table 1. Cross-reactivity of anti-BWP antibodies towards cereals
as determined by ciELISA

Cereal IC,, (ug/mL)?  Cross-reactivity (%)
BWP 2.72 100
Buckwheat flour 252 17.9
Whole buckwheat 23.0 11.8
Others” o 0

VIC;, is the concentration of analyte inducing 50% of maximal absor-
bance in ciELISA.

ICross-reactivity (%)=(IC,, of BWP/ICy, of cereal)x100

90thers: wheat flour, whole wheat, black bean, mung bean, red bean,
black rice, brown rice, glutinous rice, white rice, millet, african millet,
nonglutinous millet, adlay, and rye
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Fig. 4. Heat stability of BWP (A) and buckwheat flour (B) as

determined by ciELISA. BWP and buckwheat flour were
homogenized and heat-treated at each temperature for 30 min.
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A3 FEL ZH2 972, 93.1, 715, 113, 118%E B+ 98.6%= 1+
ERISATH(Table 4). ©] A3} Wl AHS =& 22004 dlole
HU7EE Fo] BWPe] & egAdol ol Y Awa) 4o W
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Table 2. Reactivity of anti-BWP antibodies towards heat-treated
buckwheat by ciELISA

Heat BWP Buckwheat flour
treatment IC;, Reactivity IC;, Reactivity
O (ngmly?  (%)” (ug/mL) (%)

25 57.0 100 12.5 100
60 752 75.8 14.1 88.7
70 81.3 70.1 145 86.2
80 141 404 14.9 83.9
90 288 19.8 16.8 744
100 2980 1.91 28.1 445

YBuckwheat solution (0.5 mg/mL in PBS) was heated at each
temperature for 30 min.

JIC,, is the concentration of analyte inducing 50% of maximal
absorbance in ciELISA.

JReactivity (%)=(IC,, at 25°C/IC,, at heat-treated temperature)x100
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Table 3. Assay recovery of buckwheat proteins (BWP) in raw noodle” as determined by ciELISA

Buckwheat flour BWP added Dilution ELISA BWP detected ~ Moisture content ~ BWP assayed Recovery
added (%) (mg/g)? ratio value (ug/mL) (%) (mg/g)” (%)
0 0 1/10,000 0.863 0 37.0 0 -
1 1.78 1/10,000 0.795 0.053 36.6 0.84 472
3 5.37 1/10,000 0.679 0.319 36.6 5.03 93.7
10 17.9 1/10,000 0.548 1.27 36.8 20.1 112
30 53.7 1/10,000 0.382 4.20 349 64.6 120
100 179 1/10,000 0.241 14.7 33.6 221 123

YRaw noodle spiked with buckwheat flour (BWF) was homogenized, centrifuged and diluted with PBS for the quantitation of buckwheat proteins

(BWP) by ciELISA.
Y)BWP added (mg/g)=BWF (mg/g)x17.9/100 (BWF:BWP=100:17.9)

PBWP assayed (mg/g)=BWP detected (ug/mL)x(1-moisture content/100)/dilution ratio

YRecovery (%)=BWP assayed (mg/g)/BWP added (mg/g)x100



7Fe A T e HES 919 739 ELISAS] /i 273
Table 4. Assay recovery of buckwheat proteins (BWP) in boiled noodle” as determined by ciELISA
Buckwheat flour BWP added Dilution ELISA BWP detected Moisture content BWP assayed Recovery

added (%) (mg/g)” ratio value (ug/mL) (%) (mg/g)” (%)

0 0 1/1,000 0.751 0 543 0 -
1 1.78 1/1,000 0.610 0.74 57.2 1.73 97.2
3 5.37 1/1,000 0.470 2.12 57.6 5.00 93.1
10 17.9 1/1,000 0.354 5.50 57.1 12.8 71.5
30 53.7 1/1,000 0.185 272 55.0 60.5 113
100 179 1/1,000 0.105 99.0 532 211 118

YBolied noodle spiked with buckwheat flour (BWF) was homogenized, centrifuged and diluted with PBS for the quantitation of buckwheat proteins

(BWP) by ciELISA.

YBWP added (mg/g)=Buckwheat flour (mg/g)x17.9/100 (buckwheat flour:-BWP=100:17.9)
YBWP assayed (mg/g)=BWP detected (ng/mL)x(1-moisture content/100)/dilution ratio
YRecovery (%)=BWP assayed (mg/g)/BWP added (mg/g)x100

Table 5. Assay recovery of buckwheat proteins (BWP) in buckwheat starch gel” as determined by ciELISA

Buckwheat flour BWP added Dilution ELISA BWP detected ~ Moisture content BWP assayed Recovery
added (%) (mg/g)? ratio value (ug/mL) (%) (mg/g)? (%)"
0 0 1/10,000 0.868 0 82.2 0 -
1 1.78 1/10,000 0.823 0.019 80.6 0.98 55.1
3 5.37 1/10,000 0.776 0.088 81.4 4.74 88.3
10 17.9 1/10,000 0.705 0.275 80.5 14.1 78.8
30 53.7 1/10,000 0.582 0.89 82.0 49.5 92.0
100 179 1/10,000 0.453 2.61 83.5 163 91.1

YBuckwheat starch gel spiked with buckwheat flour (BWF) was homogenized, centrifuged and diluted with PBS for the quantitation of buckwheat
proteins (BWP) by ciELISA.
JBWP added (mg/g)=Buckwheat flour (mg/g)x17.9/100 (buckwheat flour:BWP=100:17.9)
JBWP assayed (mg/g)=BWP detected (ug/mL)x(1-moisture content/100)/dilution ratio
“Recovery (%)=BWP assayed (mg/g)/BWP added (mg/g)x100

Table 6. Assay recovery of buckwheat proteins (BWP) in cereals mix powder” as determined by ciELISA

Buckwheat flour BWP added Dilution ELISA BWP detected BWP assayed Recovery
added (%) (mg/g)? ratio value (ug/mL) (mg/g)” (%)
0 0 1/10,000 0.864 0 0 -
1 1.78 1/10,000 0.745 0.151 1.51 84.8
3 5.37 1/10,000 0.626 0.64 6.40 119
5 8.95 1/10,000 0.587 0.91 9.10 102
10 17.9 1/10,000 0.496 1.88 18.8 105
20 35.8 1/10,000 0.398 3.90 39.0 109

UCereals mix powder spiked with buckwheat flour (BWF) was homogenized, centrifuged and diluted with PBS for the quantitation of buckwheat
proteins (BWP) by ciELISA.

YBWP added (mg/g)=BWF (mg/g)x17.9/100(BWF:BWP=100:17.9)
PBWP assayed (mg/g)=BWP detected (ug/mL)/dilution ratio
“Recovery (%)=BWP assayed (mg/g)/BWP added (mg/g)x100
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Table 7. Detection of buckwheat in commercial foods as determined by ciELISA

Type of  Article Common food name Labeled buf:kwheat Assay Recovery Remark®
food code concentration (%) BWP  Buckwheat Buckwheat — (04)
(mglg)  (mg/g)" (%)

1 buckwheat flour 40 13.3+£0.28 74.3 7.43 18.6 o
Flour 2 buckwheat flour 20 11.1+0.28 62.0 6.20 31 O
3 wheat flour (Korean pancake mix) none N.D.Y N.D. N.D. - 0]
4 buckwheat noodle 18.4 15.5+0.98 86.3 8.63 46.9 o
Raw 5 buckwheat noodle 17.4 29.5+1.82 165 16.5 94.8 (¢}
noodle 6 buckwheat noodle 3.8 0.6+0.06 3.34 0.33 8.7 o
7 noodle (Udon) none N.D. N.D. N.D. - (¢}
8 buckwheat noodle 35 59+2.83 330 33.0 94.3 o
. 9 buckwheat noodle 30 41+0.10 229 229 76.3 (0]
IE) f)‘gfe 10 Naengmyeon 12 0512006  2.82 0.28 23 0
11 Naengmyeon premix buckwheat powder 0.19+0.01 1.08 0.11 - o
12 noodle none N.D. N.D. N.D. - o
13 buckwheat snack 15 0.74+0.06 4.11 0.41 2.7 (¢}
Snack 14 buckwheat and brown rice snack 10 0.48+0.08 2.65 0.27 2.7 (¢}
15 five cereals snack none N.D. N.D. N.D. - o
16 rye and rice snack none N.D. N.D. N.D. - o
17 buckwheat tea 100 0.85+0.1 4.75 0.47 0.5 o
Tea 18 brown rice tea none N.D. N.D. N.D. - o
19 barley tea none N.D. N.D. N.D. - o
20 acorn starch gel none N.D. N.D. N.D. - o
Gel 21 mung bean starch gel none N.D. N.D. N.D. - o
22 agar gel none N.D. N.D. N.D. - o

YBuckwheat content was deduced form the result of buckwheat proteins (BWP) concentration:BWP corresponds to 17.9% (w/w) of buckwheat

(Table 2).
J(Buckwheat content assayed/buckwheat content labeled)x100

940” means qualitative coincidence of ELISA result with indication on the food package.

“N.D.=not detected.
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