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Correspondence should be addressed to Aleksandra Torbica; aleksandra.torbica@fins.uns.ac.rs

Received 28 November 2014; Revised 28 January 2015; Accepted 5 February 2015

Academic Editor: Marcone A. L. de Oliveira
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RP-HPLC (reversed-phase high-performance liquid chromatography) is widely used to determine the amounts of the different
gluten protein types. However, this method is time-consuming, especially at early stages of wheat breeding, when large number
of samples needs to be analyzed. On the other hand, LoaC (Lab-on-a-Chip) technique has the potential for a fast, reliable, and
automatable analysis of proteins. In the present study, benefits and limitations of Lab-on-a-Chip method over RP-HPLCmethod in
gluten proteins evaluation were explored in order to determine in which way LoaC method should be improved in order to make
its results more compliant with the results of RP-HPLC method. Strong correlation (𝑃 ≤ 0.001) was found between numbers of
HMW glutenin peaks determined by LoaC and RP-HPLC methods. Significant correlations (𝑃 ≤ 0.05) were obtained between
percentages of HMW and LMW glutenin subunits calculated with regard to total HMW + LMW area. Even more significant
correlation (𝑃 ≤ 0.001) was found when percentages of individual HMW areas were calculated with regard to total HMW. RP-
HPLC method showed superiority in determination of gliadins since larger number and better resolution of gliadin peaks were
obtained by this method.

1. Introduction

In the past decade,much attention has been focused on devel-
oping microfluid or Lab-on-a-Chip (LoaC) technique and
its application for sensitive biochemical analyses.This system
has the potential for a fast, reliable, and automatable analysis
in the field of proteins’ separation and quantification [1,
2]. Complete analysis of 10 protein samples (number of
samples analysed per one chip), including sizing and quan-
tification, lasts for 25min, including the start-up phase of
the instrument [3]. The LoaC method for protein analysis
allows the integration of electrophoretic separation, staining,
destaining, and fluorescence detection into a single process
combined with data analysis. Also, current LoaC method

showed quite comparable results with the conventional
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) in determination of proteins: the linear dynamic
range or resolution is superior in case of LoaC [3], whereas
in a study of Torbica et al. [4] LoaC showed superiority over
SDS-PAGE in selectivity and sensitivity when Kunitz trypsin
inhibitor in soybean was analysed. Today, various LoaC
instruments are available and they are often used for determi-
nation of gluten proteins [5–10], which are the most respon-
sible for the viscoelastic properties of dough and baking
quality of wheat (Triticum aestivum L.) [11].

In the late 90s of the last century, Wieser et al. [12] devel-
oped a combined extraction-RP-HPLC procedure for deter-
mination of the amounts of the different gluten protein types
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(𝜔-, 𝛼-, and 𝛾-gliadins; high molecular weight (HMW); and
low molecular weight (LMW) glutenin subunits) in wheat
flour. Wieser et al. [13, 14] used the procedure to examine the
impact of nitrogen fertilisation on their amounts and ratios
in wheat and how they are connected with wheat quality.
RP-HPLC technique is quite time-consuming for separation
of gluten proteins since analysis time is between 30 and
80min per sample, whereas the number of samples that can
be analyzed daily per instrument is less than 30. A cost-
effective method is required in order to meet the demands
of increasing number of samples that need to be analyzed at
early stages of breeding.

The aim of this study was to determine in which way
LoaCmethod should be improved in order tomake its results
more compliant with the results of RP-HPLC method. This
is of high importance since LoaC method is superior in
performance speed but lacks merits of conventional, widely
applied methods, and therefore their characteristics should
be integrated with LoaC method. Consequently, sample
preparation was not unified for these two methods.

2. Materials and Methods

2.1. Materials. Examinations have been carried out on nine
common wheat (Triticum aestivum L.) cultivars (“Divana,”
“Aida,” “Felix,” “Seka,” “Renata,” “Soissons,” “Olimpija,”
“Vulkan,” and “Tihana”) grown in Croatia at the Agricultural
Institute in Osijek and nine common wheat cultivars
(“Dragana,” “Ljiljana,” “Pobeda,” “Bastijana,” “Nevesinjska,”
“Simonida,” “Etida,” “Zvezdana,” and “NS3-5299/2”) grown
in Serbia at the Institute of Field and Vegetable Crops in Novi
Sad in harvest season 2009.

2.2. Milling. Wheat samples were milled by MLU-202
(Bühler, Uzwil, Switzerland) and the obtained flour was used
for further analysis.

2.3. Extraction for LoaC. The percentage of gliadin and
glutenin subunits was determined from 30mg of flour after
removal of albumins and globulins. The gliadins were subse-
quently extracted with 300𝜇L of 70% ethanol and 200𝜇L was
transferred into test tube (1.5mL), whereas the rest of the
solution was removed for glutenin extraction. After evapora-
tion of ethanol, gliadins were treated with 350 𝜇L of 2% SDS
solution containing 5% 𝛽-mercaptoethanol and afterwards
heated for 5 minutes to 100∘C. For extraction of full range of
the glutenin subunits the same volume of treatment solution
(2% SDS solution containing 5% 𝛽-mercaptoethanol and
0.0625M Tris-base) and temperature conditions was used.

2.4. LoaC. Final solutions of glutenins were prepared by
mixing of 4 𝜇L of the clarified sample extract with 2𝜇L of
Agilent sample buffer and 84 𝜇L of deionized water. Sepa-
ration of proteins was performed using chip electrophoresis
technique onAgilent 2100Bioanalyzer (Agilent Technologies,
Santa Clara, CA) with Protein 230 Plus Lab-on-a-Chip kit,
which determined molecular weights of proteins in range
from 12.5 to 230 kDa (Figure 1). After analysis, every subunit
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Figure 1: Electrophoregram of glutenins of cultivar “Renata.”

was manually integrated and their percentage was calculated
from the time-corrected area.

2.5. Extraction for RP-HPLC. The wheat proteins extraction
from wholemeal flour (Retsch, Type ZM1 mill equipped with
a 1mm sieve) as well as the reversed-phase high-performance
liquid chromatography (RP-HPLC) method was based on
Wieser et al. [12] with slight modifications.

2.6. RP-HPLC. Perkin Elmer LC 200 chromatograph was
used with a Supelco Discovery BIO Wide Pore C18 column
(300 Å pore size, 5 𝜇m particle size, and 4.6 × 250mm
i.d.). Solvent was composed of water containing 0.1% (v/v)
trifluoroacetic acid (TFA) and acetonitrile (ACN), while
20𝜇L of sample was injected for analyses. Glutenin fractions
were eluted with a linear gradient from 24% to 58%ACNover
30min at 1mL/min, using a column temperature of 50∘C. All
samples were detected by UV absorbance at 210 nm in two
replicates. The obtained chromatograms were analyzed by
Total-Chrome software package (Perkin Elmer Instruments,
USA). The peak areas (expressed in arbitrary units = AU)
under gliadins and glutenin chromatograms are used for
further calculations.

2.7. Statistical Analysis. The data were statistically analyzed
by STATISTICA 12.0 software (StatSoft Inc., USA, 2013).
Descriptive statistics was used to explore the molecular
weights and percentage amounts of gluten proteins and
for that purpose mean values and coefficients of variation
(CV) were calculated. Pearson correlation coefficients were
calculated in order to explore correlations between different
parameters determined by LoaC and RP-HPLC methods as
well as to determine the degree of linearitywithin theworking
range of standards used in LoaC method.

3. Results and Discussion

3.1. Application of LoaC Method. The molecular weight
reproducibility of HMW-GS (highmolecular weight glutenin
subunits) determined by LoaC method was evaluated by
examining two replicates of each sample. Coefficient of vari-
ation (CV) was calculated as a relative measure of error since
it weights the standard deviation for the size of mean. The
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Table 1: Apparent sizes and quantification of individual HMW-GS subunits for all examined bread wheat cultivars by LoaC method and
quantification of individual HMW-GS subunits by RP-HPLC.

Subunits Molecular weight (kDa) Relative amount (%)a Relative amount (%)b

Mean CV (%) Mean CV (%) Mean CV (%)
2 & 5 230.9 0.55 5.32 6.25 — —
2 230.9 1.00 3.51 37.74 10.29 7.03
5 229.6 2.10 3.34 41.91 10.71 18.84
5 & 2 & 9 — — — — 14.43 1.71
5 & 9 — — — — 10.16 1.06
2∗ 212.6 3.08 1.93 64.82 1.47 25.43
1 212.2 1.11 1.21 32.43 1.75 49.85
7 178.0 2.41 3.92 59.37 9.32 15.38
17 + 18 (2)c 160.6 2.03 0.99 27.98 — —
10 144.4 2.24 2.71 47.14 2.99 37.07
8 134.8 1.36 0.50 44.77 2.16 26.31
9 131.7 1.60 2.47 51.37 3.99 27.32
12 130.0 0.00 0.79 16.75 3.86 26.25
12 & 9 128.0 0.52 5.51 27.80 — —
17 + 18 (1)c 124.8 2.83 1.67 14.66 — —
17 — — — — 10.80 1.77
18 — — — — 4.67 4.53
aExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
bExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
cSubunits 17 and 18 were clearly distinguished by LoaC method, whereas by SDS-PAGE method these two subunits were overlapped (Marchetti-Deschmann
et al., 2011) [8]. Therefore it was not possible to determine molecular weight of each separate subunit by LoaC method and they will be labelled as 17 + 18 (1)
and 17 + 18 (2).

apparent sizes of glutenin subunits 2 & 5, 2, 5, 2∗, 1, 7, 17 + 18,
10, 8, 9, 12, and 12& 9 and their relative amounts are presented
in Table 1. In general, the apparent sizes determined by LoaC
methodwere at the same level as those obtained byMarchetti-
Deschmann et al. [8] using Protein 230 Plus Lab-on-a-Chip
kit for glutenin subunits 2 & 5, 2, 5, 7, and 10, whereas for
2
∗, 9, 12 & 9, and 17 + 18 (1) subunits they were higher and
for 1, 17 + 18 (2), and 8 subunits they were lower. Considering
cultivars containing subunits 12 and 9, their peaks were barely
resolved and only a shoulder peak was observed for subunit 9
with quite smaller area than subunit 12. The similar situation
was observed with cultivars which possess subunits 2 and
5, where it was not possible to distinguish between these
two subunits. The other authors had similar situation when
examining wheat samples that contained subunit pairs 12 &
18, 16 & 10, 1 & 4 [7], and 12 & 9 [14]. The results were
highly reproducible, since CVs of molecular weights were
about or less than 2% for eleven determined subunits which is
in accordance with results of other authors [6–8], except for
glutenin subunits 2∗ and 17 + 18 (1) whose CVs were 3.08%
and 2.83%, respectively.These two values are also satisfactory
since they are not higher than 5%which is in accordance with
the results of Balázs et al. [9, 10].

The relative amount of some HMW-GS (2 & 5 and
17 + 18 (1)) fluctuated slightly among genotypes which
possess these combinations of HMW-GS, whereas significant
variations in the relative amount of other detected HMW-
GS were observed (Table 1). Therefore it could be possible to
obtain different percentage in total sum of HMW-GS among

cultivars where it is necessary to compare their quantity
in detailed examination. The determination of the amount
of HMW-GS is important for prediction of wheat quality
parameters [15–17]. Furthermore, according to Rhazi et al.
[7] the quantification of HMW-GS could be used to detect an
overexpression of HMW-GS; for example, an overexpression
of the subunit 7 is encountered in certain cultivars. Also,
subunit 7 possesses one of the highest CVs of all examined
cultivars in this study.

Molecular weight and quantification of individualHMW-
GS by the LoaC method of nine Croatian and Serbian bread
wheat cultivars are represented in Tables 2 and 3, respectively.
The most frequent HMW-GS combination in both assort-
ments are 2∗, 7 + 9, and 5 + 10 (“Divana,” “Zlata,” “Pobeda,”
“Bastijana,” and “NS3-5299”) for which the authors [18–20]
suppose that, together with N, 7 + 9, and 5 + 10, HMW-GS
combination dominates in European winter wheat cultivars.
Beside this combination, HMW-GS combinations 7 + 9
and 2 + 12 (“Dragana,” “Simonida,” and “Zvezdana”); 2∗, 7 +
8, and 5 + 10 (“Soissons” and “Felix”), and N, 7 + 9, and 5 +
10 (“Ljiljana” and “Etida”) are also frequent in this study.
When subunits separated byHMW-GSwithin assortment are
compared with each other, it can be observed that HMW-
GSmolecular weights are almost identical, except subunits 2∗
and 5, whereas the highest variation in the HMW-GS quan-
tities was found for subunits 7, 10, 9, and 12 & 9 (Tables 2 and
3). The average relative standard deviation of the peak time-
corrected areas (CV) was 18.44% (data not shown) which
is on the levels obtained by Balázs et al. [9]. Also, average
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Table 2: Apparent sizes and quantification of individual HMW-GS subunits of nine bread wheat cultivars grown in Croatia by LoaCmethod
and quantification of individual HMW-GS subunits by RP-HPLC.

Cultivar Subunits Molecular weight (kDa) Relative amount (%)a Relative amount (%)b

Mean CV (%) Mean CV (%) Mean CV (%)

Soissons

5 228.1 1.43 2.54 16.82 11.64 0.00
2∗ 221.0 0.19 4.18 18.65 1.68 16.64
7 171.2 0.08 1.26 1.55 7.63 5.51
10 139.9 0.25 3.29 4.75 1.93 14.50
8 133.3 0.53 0.26 14.07 1.92 4.56

Felix

5 223.8 1.04 1.68 19.98 12.25 4.42
2∗ 202.2 0.73 1.07 7.07 1.42 11.31
7 171.9 1.15 1.47 1.33 10.25 1.18
10 140.3 0.76 1.95 18.56 1.95 1.03
8 133.2 0.74 0.39 0.66 2.53 11.12

Divana

5 226.8 1.87 3.17 32.06 11.21 6.49
2∗ 205.5 1.65 1.21 3.59 2.17 14.38
7 174.7 0.89 2.09 8.66 12.95 5.01
10 142.4 0.89 2.30 3.13 3.88 7.37
9 129.0 0.38 2.88 30.37 6.56 1.19

Zlata

5 229.8 1.38 3.07 30.43 6.77 5.34
2∗ 208.0 2.07 0.96 2.91 1.00 12.57
7 176.4 1.48 2.83 10.02 9.34 5.05
10 143.9 1.87 1.99 10.63 1.58 21.91
9 130.3 1.03 2.45 22.73 3.55 9.31

Seka

5 226.4 0.94 1.72 71.31 10.80 2.49
1 210.9 1.24 0.85 10.64 1.17 0.00
7 174.9 0.85 2.09 23.06 9.31 2.89
10 142.4 1.19 1.71 34.37 2.00 17.90
9 135.4 0.63 0.74 16.32 2.05 8.73

Vulkan

5 225.5 0.35 2.49 66.87 6.82 3.06
7 174.1 0.57 1.47 0.60 8.18 1.45
10 142.6 1.14 1.46 11.61 3.28 4.53
8 135.0 0.63 0.53 57.52 2.76 6.48

Renata

5 229.1 0.56 2.30 19.53 13.55 2.58
1 212.6 1.10 1.09 13.28 1.25 13.99
7 176.2 1.12 1.87 8.03 9.01 5.17
10 143.3 1.83 1.17 8.03 2.23 6.98
8 135.0 0.84 0.65 49.25 1.44 9.43

Aida

5 224.2 2.56 3.00 23.59 10.82 3.92
2∗ 209.3 1.62 0.83 20.23 1.30 24.38

17 + 18 (2) 160.6 2.03 0.99 27.98 — —
10 140.8 1.66 1.78 10.74 2.37 12.53

17 + 18 (1) 124.8 2.83 1.67 14.66 — —
17 — — — — 10.80 1.77
18 — — — — 4.67 4.53

Tihana

2 232.8 1.49 1.75 48.76 9.79 2.72
1 213.2 1.49 1.69 1.80 2.83 17.32
7 175.5 0.93 2.31 7.34 8.39 2.93

12 & 9 127.2 0.67 7.00 26.59 — —
12 — — — — 3.02 4.74
9 — — — — 4.89 3.35

aExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
bExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
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Table 3: Apparent sizes and quantification of individual HMW-GS subunits of nine bread wheat cultivars grown in Serbia by LoaC method
and quantification of individual HMW-GS subunits by RP-HPLC.

Cultivar Subunits Molecular weight (kDa) Relative amount (%)a Relative amount (%)b

Mean CV (%) Mean CV (%) Mean CV (%)

Etida

5 237.8 0.15 3.53 30.28 9.72 0.20
7 184.0 0.46 4.30 35.62 10.49 3.12
10 148.1 0.62 2.70 23.92 3.62 7.44
9 133.6 1.16 2.38 22.13 3.37 1.14

Ljiljana

5 233.4 1.27 4.58 20.94 — —
5 & 9 — — — — 10.16 1.06
7 183.8 1.23 6.50 13.02 9.91 0.73
10 147.8 0.67 4.52 9.30 5.27 1.02
9 131.1 0.70 1.12 14.79 — —

Pobeda

5 232.1 0.79 5.68 9.24 11.79 2.66
2∗ 216.3 0.26 3.35 24.39 1.65 0.00
7 181.3 0.35 7.21 34.01 9.91 1.13
10 147.0 0.29 4.34 26.86 4.28 10.48
9 130.9 0.59 4.27 40.61 4.06 18.78

Bastijana

5 234.6 1.27 5.04 8.97 11.91 0.50
2∗ 216.4 0.39 1.07 66.38 1.65 1.21
7 182.5 0.08 7.51 19.71 8.74 2.74
10 147.9 0.29 4.89 12.12 2.27 7.91
9 131.8 0.16 3.62 16.12 3.62 0.55

NS3-5299

5 233.5 1.91 4.58 9.12 11.25 0.36
2∗ 218.5 0.29 1.75 18.35 1.25 3.68
7 182.7 1.47 4.18 34.82 7.67 1.05
10 147.8 0.57 1.84 0.10 4.15 0.97
9 131.5 1.61 2.32 24.33 3.95 1.02

Simonida

2 229.1 0.65 4.24 2.90 9.50 1.33
7 177.9 0.32 3.04 11.50 6.69 1.35

12 & 9 128.3 0.17 3.96 16.46 — —
9 — — — — 3.95 0.91
12 — — — — 5.24 3.10

Dragana

2 229.8 0.46 3.15 8.06 10.75 1.54
7 177.0 0.28 6.59 1.13 10.04 2.88

12 & 9 127.9 0.33 6.25 6.39 — —
9 — — — — 4.25 0.49
12 — — — — 4.20 3.93

Zvezdana

2 232.2 0.70 4.91 3.88 11.11 1.38
7 179.1 0.20 5.17 2.60 9.42 0.61

12 & 9 128.6 0.06 4.83 21.54
9 — — — — 3.63 4.22
12 — — — — 2.95 1.30

Nevesinjska

5 & 2 230.9 0.55 5.32 6.25 — —
5 & 2 & 8 — — — — 14.43 1.71

2∗ 216.5 0.36 2.96 11.42 1.11 3.72
7 183.4 0.04 6.73 17.34 10.52 1.76
10 147.0 0.43 4.05 6.18 3.04 0.68
8 137.7 0.21 0.67 9.24 — —
12 130.0 0.00 0.79 16.75 — —

aExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
bExpressed as relative amount: percentage of individual HMW area to total LMW + HMW area.
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values of relative standard deviation obtained for several
cultivars examined in this study were on the same level as in
previous research [21], in which only one cultivar had been
analysed.

Calibration curves of all determined chips were linear
within the working range of standards from 4.5 kDa to
240 kDa. Squared correlation coefficients (𝑅2) showed good
linearity in the range from 0.9448 to 0.9455, whereas LOD
and LOQ were not determined in this paper since they were
the topics of the paper previously published by Živančev et al.
[21], with detailed explanation of glutenin subunits determi-
nation by LoaC method.

3.2. Comparison of LoaC and HPLC Methods. The quan-
tification of HMW-GS by RP-HPLC (Tables 1, 2, and 3)
showed why this method has been routinely applied in
cereal chemistry for several decades for identifying particular
glutenin subunits related to bread-making quality [22–24].
The relative amount of all HMW-GS determined by RP-
HPLC method was higher than that determined by LoaC
method (Table 1) except for glutenin subunit 2∗. Also, in
most cases the CVs of HMW-GS gained by RP-HPLC were
lower than those gained by LoaC method (Table 1). Only for
glutenin subunits 1 and 12 CVs gained by LoaC method were
lower than those gained by RP-HPLC method. LoaC had
advantage in determination of HMW-GS in two cases since
RP-HPLC method was not able to resolve subunit 5 from
subunits 8 and 9 of cultivars “Nevesinjska” and “Ljiljana,”
respectively (Table 3).

Quantitative analysis of gluten proteins by LoaC and RP-
HPLC methods (Table 4) indicates that method of analysis
has substantial impact on gained result, since number of
bands/peaks among examined cultivars noticeably depend
on used method. In addition, more comparable results were
obtained when determining glutenin subunits (Figures 1 and
2) than when determining gliadin subunits. Considerably
higher number of gliadin peaks was gained by RP-HPLC
method than by LoaC method. Balázs et al. [10] had the
same observation, stating that only few gliadin peaks could
be integrated automatically by software, and therefore they
used manual integration of gliadin peaks in their research.
Also, peaks gained by LoaCmethod were considerably wider
and less sharp (Figure 3) which makes their determination
difficult in comparison with RP-HPLC method (Figure 4).
The reason for this could be the fact that Protein 230
Plus Lab-on-a-Chip kit was used for gliadin measurements
instead of Protein 80 Lab-on-a-Chip kit which can provide
better band separations of smaller molecular weights by
increasing the separation time of proteins with lesser MWs.
Another cause of difference obtained could be the dissimilar
sample preparation—wholemeal flour for RP-HPLC samples
and white flour (mostly from kernel endosperm) for LoaC
samples. These exact determinations are of great importance
especially because of gliadins’ sensitivity to climate changes
[25] and for 𝜔-gliadins (their apparent molecular weights
gained by LoaC were 120–125 kDa) which are synthesized
in unusually high proportion when sulphur is deficient
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Figure 2: Chromatogram of glutenins of cultivar “Renata.”
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Figure 4: Chromatogram of gliadins of cultivar “Aida.”

during grain filling [26] and at high temperatures with better
agricultural practices [27].

The correlation coefficients between number of bands/
peaks of gliadin subunits and glutenin subunits determined
by LoaC and RP-HPLC methods and between relative
amounts of gliadin subunits (𝛼 + 𝛾 and 𝜔) and glutenin
subunits (LMW and HWM) are shown in Tables 5 and 6,
respectively. Regarding correlation coefficients between
number of gliadin and glutenin subunits peaks determined
by both methods (Table 5), HMW showed strong correlation
(𝑃 ≤ 0.001). There were significant correlations (𝑃 ≤ 0.05)
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Table 4: Comparison between number of bands as determined by LoaC and number of peaks as determined by RP-HPLC.

Cultivar

LoaC number of bands RP-HPLC number of peaks
GLI GLU GLI GLU

Total Omega Alpha +
Gamma Total HMW LMW Total Omega Alpha +

Gamma Total HMW LMW

Soissons 33 8 25 22 5 17 36 9 27 20 5 15
Divana 25 6 19 20 5 15 39 10 29 21 5 16
Seka 30 6 24 19 5 14 37 9 28 21 5 16
Vulkan 29 8 21 20 4 16 38 10 28 20 4 16
Renata 26 6 20 21 5 16 39 11 28 21 5 16
Zlata 29 6 23 21 5 16 39 10 29 23 5 18
Aida 25 6 17 20 5 15 40 10 30 22 5 17
Felix 28 6 22 22 5 17 41 10 31 21 5 16
Tihana 28 6 22 19 5 14 38 8 30 23 5 18
Dragana 26 6 20 18a 3a 15a 34 7 27 22 4 18
Ljiljana 26 6 20 20 4 16 35 8 27 21 4 17
Pobeda 30 7 23 21 5 16 36 8 28 22 5 17
Bastijana 30 6 24 21 5 16 33 8 25 23 5 18
Nevesinjska 26 6 20 22b 6b 35b 35 7 28 24 5 19
Simonida 28 6 22 19a 3a 16a 33 10 23 20 4 16
Etida 27 6 21 20 4 16 30 8 22 21 4 17
Zvezdana 31 6 25 19a 3a 16a 31 8 23 21 4 17
NS3-5299/2 28 7 21 22 5 17 29 8 21 24 5 19
aOverlapping of subunits 9 and 12.
bOverlapping of subunits 2 and 5.

Table 5: Correlation coefficients between number of bands/peaks of gliadin and glutenin subunits determined by LoaC and RP-HPLC
methods.

LoaC GLI
total

LoaC
GLI 𝜔 LoaC GLI 𝛼 + 𝛾 LoaC GLU

total
LoaC GLU
HMW

LoaC GLU
LMW

HPLC GLI total −0.20
HPLC GLI 𝜔 0.07
HPLC GLI 𝛼 + 𝛾 −0.25
HPLC GLU total 0.31
HPLC GLU HMW 0.88∗∗∗

HPLC GLU LMW 0.41
Values are means (𝑁 = 18); ∗∗∗𝑃 ≤ 0.001.

Table 6: Correlation coefficients between relative amounts of gliadin subunits (𝛼 + 𝛾 and 𝜔) and glutenin subunits (LMW and HWM)
determined by LoaC and RP-HPLC methodsa.

% 𝜔 LoaCb % 𝛼 + 𝛾
LoaCb

% HMW
LoaCc

% LMW
LoaCc

% HMW/LMW
LoaC

% HMW LoaC
totald

% 𝜔HPLCb
−0.127

% 𝛼 + 𝛾HPLCb
−0.118

% HMWHPLCc 0.338∗

% LMWHPLCc 0.341∗

%HMW/LMWHPLC 0.308
% HMWHPLC totald 0.554∗∗∗
aValues are means (𝑁 = 36); ∗𝑃 ≤ 0.05, ∗∗∗𝑃 ≤ 0.001.
bExpressed as relative amount: percentage of individual 𝛼 + 𝛾 and 𝜔 area to total area of gliadins.
cExpressed as relative amount: percentage of individual LMW and HMW area to total area of glutenins.
dExpressed as relative amount: percentage of individual HMW area to total HMW area.
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Table 7: Quantification of individual HMW-GS subunits for all
examined bread wheat cultivars by RP-HPLC and LoaC methods.

Subunits
LoaC RP-HPLC

Amount
(%)∗ CV (%) Amount

(%)∗ CV (%)

5 & 2 34.0 5.62 40.0 1.06
2 25.8 40.69 37.2 7.42
5 27.5 27.16 38.9 15.75
2∗ 13.8 68.72 5.3 18.71
1 13.4 14.81 6.3 44.60
7 27.6 29.45 34.0 13.37
10 21.9 30.25 10.9 38.90
8 6.4 49.85 8.8 35.21
9 17.6 26.67 13.4 22.77
12 & 9 40.4 25.20 29.2 15.87
∗Expressed as relative amount: percentage of individual HMW area to total
HMW area.

between percentages ofHMWandLMWdetermined by both
methods, whereas strong correlation (𝑅 = 0.554, 𝑃 ≤ 0.001)
was obtained between total amounts of HMW (Table 6).
Better correlations for LMW were not obtained probably
because all subunits could not be separated and quantified
due to closeness of large number of subunits [10].

Table 7 illustrates the comparison of the quantitative
data of cultivars HMW-GS determined by LoaC and RP-
HPLC. The quantitative LoaC data, when expressed as a
percentage of total HMW-GS peak area, were diverse to those
determined by RP-HPLC.Themain difference existed among
amounts and CVs of HMW-GS with high molecular weight
(2, 5, 2∗, and 1), whereas the rest of HMW-GS showed slightly
higher similarity. However, the main disadvantage of RP-
HPLC method when compared to LoaC method represents
separation time which limits number of analysed samples,
whereas gliadin peaks resolution and lower peaks number
gained by LoaC method are shortcoming in comparison to
RP-HPLC method.

4. Conclusions

In conclusion, strong correlation (𝑃 ≤ 0.001) was found
between numbers of HMW glutenin peaks determined by
LoaC and RP-HPLC methods in this study. The existence of
significant correlations (𝑃 ≤ 0.05) between percentages of
HMW and LMW glutenin subunits calculated with regard to
total HMW + LMW area was also demonstrated. Moreover,
when percentages of individual HMW areas were calculated
with regard to totalHMWarea, evenmore significant correla-
tion was found (𝑃 ≤ 0.001). RP-HPLCmethod showed supe-
riority in determination of gliadins since higher numbers and
better resolution of gliadin peaks were gained by RP-HPLC
method than by LoaC method. For further research of
gliadins by LoaC method it is necessary to use Protein 80
Lab-on-a-Chip kit which can provide better band separations
of smaller molecular weights. Sample preparation should

be unified in further researches in order to achieve better
correlation between results obtained by these methods.
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