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Validation of an Analytical Method to Determine Gluten Content in Bread
by HPLC-PDA
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Abstract

A rapid analytical method was developed and optimized to determine gluten content in bread. Existing gluten quan-
tification methods were inappropriate for bread with high gluten content because they were optimized to analyze
shallow gluten content. To overcome this problem, the first method of quantifying the gluten content in bread was
developed by modifying the gluten analysis method in cereal grains. Heat-stable gliadin was selectively quantified
for gluten quantification using high-performance liquid chromatography (HPLC), and gliadin peaks were separated
using an Agilent SB-C8 column. The specificity, linearity, accuracy, precision, limit of detection (LOD), and limit
of quantification (LOQ) were measured for validation. The calibration curve of gliadin had high linearity
(R*=10.9996), and LOD and LOQ were 0.03 and 0.10 g/100 g, respectively. The relative standard deviation (RSD)
values of intra- and inter-day precision were less than 2.49% and 1.54%, respectively. Recovery ranged from
90.73% to 93.87%, with RSD values less than 2.06%. These results indicate that the HPLC method for quantifying
gluten in bakery products is efficient, reliable, and reproducible.
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SFHE L7HR 28 Wi WSS o =W FEof
d3 SFEdo] =3 Adste] xS AL, ol
= 97FE W] JA, v H S T h(Yun
et al., 2017; Wieser et al., 2023). T3} & &g A
AR E = 7S TR wiEe R AT 9
< EE AWFdA FEE F2E IAHsk= Z
FH ot AT o2l EAE AL e SFdS
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gluten sensitivity) 5= &3t AS0Z dEA JoH
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(ELISA, Enzyme-linked assay), PCR
(Polymerase Chain Reaction), LC-MS (Liquid Chromatography-
Mass Spectrometry), SDS-PAGE (Sodium Dodecyl-Sulfate
PolyAcrylamide Gel Electrophoresis) % NIR (Near-Infrared
Spectroscopy) 5-°] A THImmer and Haas-Lauterbach, 2012;
Mena et al., 2012; Scharf et al., 2013; Fiedler et al.,, 2014;
Radman et al., 2018). 3}A] %+ PCR, SDS-PAGE, NIR %
LC-MS®| ¢ Adhthe A4 2 &ild §42 £49)
o Agstal, A% 4 5 ELISAS &3 24 vto]
AOAC ¥4 AP OoE FHEHJUT. I F(AOAC
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B Aol ALg" UrEE (F)HE v (Sejong, Korea)ollA]
A-gke A 8 5-S ARl on, A AlF -5

= wlolAZ et rurplolA AT Selotd F&
Ao A-8-% petroleum ether?} ethanol> Samchun pure
chemical (Pyeongtaek, Korea)ollA T35t HPLC #4
< 3 AFES Sl e} AJeFS HPLCH S E acetonitrile
(Supelco, MA, USA)3} trifluoroacetic acid (Sigma-Aldrich,
MO, USA)E AH&3l 3, B8 25541274 Millipore,
MA, USA)E ©]-&3dte] Eol3} sto] ARSIt

FEFEA2 gluten (G5004)3} gliadin (G3375)

< Sigmaol Al FUIATE HIFFA FFELS AACC
International Method 38-10.01 o2 FZE35Ith =&
g FRES 4 71%7](Eyela, Tokyo, Japan)& %3}
Hl ettt 278 J S flei = ELISA WHE(AOAC
2012.01)004 ARg-3te= W20l SElotd e S A st
o] 28]9=(CODEXALIMENTARIUS FAO-WHO, 2008)3}=
WS o] galdth FE3 FFH s As] 9

3l Leco FP628 protein analyzer (Leco, MI, USA)E ©|-&

Sho] A S BASAG AW 2 F lIAE o
o o8 v Wyl Bl mAE JFL s 9
i 228 2RUS AP, 291, WslskY B
2 e AP F ARz vl BAEI &
Plde 329 2 7

3

=

FHS Zo ¥ 100°CE 30827+
S Q71e] 9 307 7t
TS I 87)d Y #Ze 2
ol 3087 7Hgeith 58 A2 s AU FFH
< 26 mg/mLe| HE=F A2 F 60% ethanolZ 43}
o] 13, 6.5, 3.25, 1.625 mg/mLo| ¥ %= dto] FA519 T},

NEERRIES

W 100 mgS AE3] FH3td 1 mLe] petroleum etherS
7Vl SEZF vortex BIAMZE FE% T A41EE]7] Sorvall
Legend Micro 17R (Thermo Fisher Scientific, MA, USA)
2 7,000 rpm, 37F AR Ete] A HY ARS
AA sk Hge 28] WHETE 0.4 mol/L NaClZ 1 mL
2ol vortex YA Z 1587+ 53 & 7,000 pmoZ 37+

3

=
v T
Q4 ROl F 43NS e S8 THELS AR
}E 3

i)
o2
tlo
\]
R/
d
=
a4
it
flo
>,
il
2
D
I
X
2
g
=
(8]
S
o
-
=

He @ 2ok AL 915ko] Waters
Acquity Ultra Performance Liquid Chromatographic system
(Waters, MA, USA)E AF&315 3, 4 ZHLE Agilent
Zorbax SB-C8 (4.6 mm x 250 mm, 5.0 um) (Agilent, CA,
USA)E ©]-&3I T ¥4 272 Table 13} 7t}

Aol thate] 39k Fedaieln, Adte Wi
FH A (meantSD)E  E A FAIA 2= Prism 6.0
(GraphPad Software, Inc. USA ver. 6.0)2 ©|&3}%L,
one-way ANOVAE AAIg & p<0.05 G4 Tukey
test® AFFS ShATH
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Table 1. HPLC conditions for gliadin contents analysis
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Parameters Condition
Instrument Waters Acquity Ultra Performance
Liquid Chromatographic system
Detector Photo-diode array (PDA)
UV detection 210 nm
Column Agilent Zorbox SB-C8 (4.6 mmx250 mm, 5.0 um)
Column oven temperature 50°C
Injection volume 40 uL
Flow rate 1 mL/min
Mobile phase Time (min) A (%)Y B (%)?
0 80 20
5 80 20
35 49 51
35.1 10 90
40 10 90
40.1 80 20
45 80 20
DA: 0.1% (v/v) trifluoroacetic acid in water
2B: 0.1% (v/v) trifluoroacetic acid in acetonitrile
Zo o HEA e Felolde AeYHo s HYgste] FREe 3
F2 Ak A7) GAe PHoE UL /1Y
HE=2 MY st FEloldS ¥4t A3} Table 23 7o) o5-gliadins
FTUL Y] ) Felotd BAstel 245 & Ak Axee] OF WA WA Wt 0234%2 THE
= WS AMEst=d (Urade et al, 2017), FElolde 728 AL, ol,2-gliadins®} o/p-gliadins, y-gliadinse &3] 2] o)
7o) 724 540 W 05-, 0l2 wp, -2 AT, o3 o) 98.5% W2 WHo] Foj=x AL Ak,
TE2U Al wet galmet S0 tEY] wiiel 94 upebs 2FE G FS fleiA EA 2ol P 3§ w5-gliadins
Agel o) =k B Gok B AT)M AL ¥ wAs ddHow Fasie] d@iel il S 4
Astarzt sk AlE2 Woluz Al FHdl os W Z3kthFig. 1).

Table 2. Percent reduction of gliadins by heat treatment

Treatment w5-gliadins o1,2-gliadins a-gliadins y-gliadins
Boiling 0.2 59 67.3 754
Sealed heating 0.8 6.3 24.0 172
Steam 34 26.3 97.1 98.5
lIyophilization
0.5 Sealed heating
Boil
0.4
Steam
e (A) (8) ©
0.2
1 1 L ] 1 ] T T L] ] T 1 T 1 ] 1 L
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Minutes

Fig. 1. Chromatogram of gliadin extract. oS-gliadins (A), ©1,2-gliadins (B), a-gliadins (C), and y-gliadins (D).
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Fig. 2. Calibration curve of o5-gliadins.
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b (SO)E FA3t] HaFAE vleEgke] 3 x S0
LODZ 3}, 10 x S02 T3t 7+8 LOQRE 2=

AlZolokz ol §aAd ol Y
J'IHH (KMFDS 2021 we} E-o]4 (specificity), 2141
(linearity/range), #4ZSHAI(LOD, limit of detection),
A(LOQ, limit of quantitation), “d 2% (accuracy), 7
(precision)& &Ittt 5o]d2 FFElo] H7IEZA|
EE Tz A AF)elA A3 9257

BEFE9

92 A ze] ABRAR)E FASATHFie 2).
Aol AAAE AEDA AHD $EE TS
o 3711wl THHE BAjste] B0} 0 W HE

[e)
Atk

Beteet A= A sl thete] 3]E (recovery)d

A Yl (intra-), Y ZH(inter-) B 7He K18 81T

= Hei= A
(LOQ)= WH= Er*# 9 E%{z}* Olﬁo}oq ey h’il zt
7} 0.30 /100 g, 0.99 g/100 g©] $ATH(Table 3).

o < o=2o |

g SRS FFskA 2 STz Wl g
AE TEE FFHUS AUist & 348 SHLIS T4
AR, AU FFd B4 A3 747 g2 s
o] tiste] &7l 39HE(intra-day) &% ¥ A3, Z2}7] o
E 4 30kE 3 A S (inter-dary) B EEHEAE A&
ate] A ;*é 447} sttt Bl4g Qﬂéﬂ T 7 =
o tha} F 101.7%, 98.5%% =& 3485 JER
3, AEA EEf?} RSD7} 2.90% hHE AT F ASs T
T FAHEYS ST 5 AUATH(Table 4).
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Table 3. Linearity, limit of detection (LOD), and limit of quantitation (LOQ) of gluten

Linear range . . ) LOD? LOQ>
Compound Regression equation" R
P (¢/100 ) s a (/100 g) (/100 g)
Gluten 0.15-2.47 y = 1744815x — 568486 0.9996 0.03 0.10
Vy: peak area x: concentration.
ILimit of detection.
ILimit of quantitation.
Table 4. Precision and accuracy of gluten
Precision Accuracy
Conc. Intra-day" Inter-day1" Inter-day2"
compound g/100 ) RSDY RSD RSD  MeanSD Recg}very R°§D
2) 3)
Mean®+SD %) MeantSD o0 MeantSD o (%) (%)
6.18 6.25+0.18 2.90 6.55+£0.15  2.29 6.34+0.15  2.35 6.34+0.06 101.70 0.74

Gluten 1235 12024016 136

12.01+0.16

1.36 12.20£0.11 092 12.16+0.24 98.45 1.96

YIntra-day: three times analysis of gluten within the same day, Inter-day: three times analysis per a day for two other days.

2 Average of each data (n = 3).
IStandard deviation of the data.
“Relative standard deviation
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Table 5. Gluten content of commercial bread

Sample Mean+SD (g/100 g)
White pan bread-1 6.53+0.13
White pan bread-2 6.02+0.05
White pan bread-3 5.99+0.05
Brown pan bread-1 5.52+0.04

2 S ™ brown pan bread”} white pan bread
Aoy SFE dEge] W A2 RS2 brown pan
bread®] Y5 AP E o} wheat bran Tl 93] =FHl
kol tha Wolxl 7] wi ol AzhE

B ATe WA F7d IS AFsy] g8 24
d AFE ATk EAEdl Mg eS-gliadinsS
N7 o7 el on o5-gliading 4]0l thEk 2 A4

A= zH2E 0.30 g/100 g3+ 0.99 /100 go] St} 3]
& AYZAF 985-101.7%= = HFAS YeRiA L,

UL intra-, inter-day= 3713+ A3} zHzF RSD %to]
1.36-2.90%, 0.92-235%=Z 212 F A& FF9 goz
gt wehd B AFE 58 /e AX AF, 5
3] A} A Fofo A ] FFHS
S 2 A 7HEE ASE 7 E.

ol Y 2 rlo 2 oE
W
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