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Abstract

Vital wheat gluten plays an important role in the food industry, especially in baking to help standardize dough properties and
improve bread volume. However, a fundamental characterization of a wide variety of vital gluten samples is not available
so far. This would be necessary to relate compositional characteristics to the production process. Therefore, we analyzed
the content of crude protein, starch, lipids and ash, oil and water absorption capacity, particle size distribution, gluten pro-
tein composition and spectroscopic properties of 39 vital gluten samples from 6 different suppliers. Principle component
analysis of all analytical parameters revealed that the samples from one specialized vital gluten manufacturer had a different
composition and a greater variability compared to all other samples from wheat starch producers. While the composition
of vital gluten samples from the same manufacturer was similar and the score plot showed a cluster formation for samples
from three suppliers, the variability over all samples was comparatively low. The samples from the other suppliers were too
similar altogether so that it was hardly possible to identify clear differences, also related to functionality.
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Introduction

Vital wheat gluten is defined in the Codex Standard
163-1987 [1] as a wheat protein product with a high vis-
coelasticity after hydration. The dried powder has to fulfill
the following requirements to be called vital gluten: a crude
protein content of > 80% (dry matter basis, NX6.25), a mois-
ture content of <10%, an ash content of <2%, and a crude
fiber content of < 1.5%. Gluten is isolated from wheat flour
by washing out non-protein constituents such as starch or
soluble carbohydrates with water. This simple process for
producing gluten was first described in 1728 by an Italian
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chemist named Beccari [2]. Today’s extraction methods such
as the Martin process or the batter process are still based on
this principle [3]. The mild drying conditions of wet gluten
ensure that its functional properties, e.g., cohesivity, elastic-
ity and viscosity, are largely preserved and become effective
again after rehydration [4]. Due to these functional proper-
ties, vital gluten is becoming increasingly important for the
food, feed, and non-food industries, especially the baking
industry. The use of vital gluten leads to protein enrichment
in low-protein flours, to an improved technological qual-
ity (dough firmness, mixing tolerance and handling of the
dough) and an increase in gas-holding capacity that finally
results in higher bread volumes [5]. The viscoelastic prop-
erties of vital gluten are mainly determined by the interac-
tion between gliadins and glutenins, the storage proteins in
wheat. Gliadins are predominantly monomeric and can be
further divided into w5-, w1,2-, a- and y-gliadins accord-
ing to homologies in their relative molecular masses (M,)
and amino acid sequences [6, 7]. The fact that they form
intramolecular disulfide bonds make them soluble in aque-
ous alcohol, e.g., 60% ethanol. In contrast, glutenins are
polymeric structures interconnected by disulfide bonds and
are, therefore, not soluble in aqueous alcohol unless they
are reduced at temperatures above 60 °C with a reducing
agent such as dithiothreitol. The M, allows a further division
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into high-molecular-weight (HMW, M.: 70,000-90,000) and
low-molecular-weight (LMW, M_: 30,000-45,000) glutenin
subunits (GS) [7]. Due to their ability to form intermolecular
disulfide bonds, glutenins can cross-link and form a gluten
network, resulting in increased dough elasticity and gluten
strength. The presence of gliadins weakens the gluten net-
work through their incorporation into the network structure
and leads to a higher viscosity [8]. A good balance between
gliadins and glutenins is desired to achieve a good baking
performance. Besides the gliadin/glutenin ratio, the manu-
facturing process itself has an influence on the quality of
vital gluten. During manufacturing, wet gluten has to be
dried to extend its shelf life. Weegels et al. [4] described
the drying procedure as the most critical step regarding the
devitalizing effect of heat on gluten. In the industrial produc-
tion of gluten, ‘ring’ or ‘flash’ drying is used. The principle
involves reducing the moisture by adding wet gluten to dried
gluten and simultaneous drying using heat [9]. The exact
temperature cannot be determined during production as it
depends on the quantity of gluten in the dryer. This tem-
perature fluctuation can lead to differences in the quality
of vital gluten due to heat sensitivity. Up to now, there are
no in-depth studies that have examined a sufficiently large
number of vital gluten samples to study structure—function
relationships. Recently, baking experiments using 2 different
recipes allowed a classification of 39 vital gluten samples
into different quality classes according to their specific vol-
ume. However, the correlations of functionality to differ-
ent parameters describing gluten protein composition were
either weak or non-existent [10]. Based on the hypothesis
that the composition and the structure of the major and
minor components have an influence on the functionality of
vital gluten, the aim of this study was to fundamentally char-
acterize these vital gluten samples regarding protein, ash,
lipid and starch content, particle size distribution, oil and
water absorption capacity as well as gluten protein composi-
tion and M, distribution. All parameters were combined in a
principle component analysis (PCA) to find out whether vital
gluten quality is manufacturer dependent. An additional aim
was to analyze the secondary protein structure of these vital
gluten samples by circular dichroism (CD) spectroscopy and
near-infrared spectroscopy (NIRS).

Materials and methods

Materials

Vital wheat gluten samples (G1-G39) were provided by six
suppliers, four of them manufacturers, the other two distribu-
tors. Vital gluten G1-G18, G19-G22, G23-G28, G29-G33,

G34-G35, and G36—G39 came each from the same supplier.
G1-G18 were from one of the distributors and were further
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subcategorized into four groups (G1, G2-G6, G7-G11, and
G12-G18) based on the information of the supplier. G2-G6
can be assigned to the manufacturer of G34—G35, while the
other vital gluten samples came from three unknown manu-
facturers. One manufacturer specializes in the production of
vital gluten (G19-G22), the other manufacturers obtain vital
gluten as a co-product of wheat starch production. Details
about the production process were not disclosed by the sup-
pliers due to confidentiality obligations, so that the effect
of various production parameters on the structural char-
acteristics could not be evaluated. All reagents were pur-
chased from Merck KGaA (Darmstadt, Germany) or Sigma-
Aldrich (Steinheim, Germany) at analytical or higher grade.

Determination of the basic composition

The moisture content of vital gluten samples was determined
using the infrared moisture analyzer MA35 (Sartorius AG,
Goettingen, Germany). Vital gluten (3.5 g) was heated up
to 100 °C until the residual weight remained constant. The
instrument automatically calculated the moisture content as
percentile weight loss in relation to the original weight. The
ash content was measured according to ICC standard method
104/1. Vital gluten (5+0.1 g) was heated at 900 °C for 3 h.
The weight before and after heating and the moisture content
of the sample were used to calculate the ash content. The
amount of total starch in the vital gluten samples was ana-
lyzed photometrically with the total starch enzyme kit (Meg-
azyme International Ireland Ltd., Wicklow, Ireland). The
fat content of the samples was determined with the Soxhlet
method using 2.5 +0.05 g sample and petroleum ether as a
solvent. The samples remained in the Soxhlet apparatus at
80 °C for 3 h. After evaporating the solvent with a rotary
evaporator and drying the flasks overnight, the remaining
lipids were measured gravimetrically. The TruSpec Nitrogen
Analyzer (Leco, Kirchheim, Germany) was utilized to ana-
lyze the nitrogen content according to the method of Dumas.
The crude protein content was calculated from the nitrogen
content using a conversion factor of 6.25, as stated in Codex
Standard 163-1987 [1]. All measurements were performed
in triplicates.

Oil and water absorption capacity of vital gluten

The oil and water absorption capacity was analyzed in tripli-
cates according to the method of Kaushik et al. [11]. There-
fore, 500 mg vital gluten were mixed with 10 ml pure soy
oil (Kunella Feinkost GmbH, Cottbus, Germany) or distilled
water, respectively, and shaken for 1 h at 900 x g. After cen-
trifugation at 2000 g (22 °C, 30 min), the weight of the
pellet was determined and used to calculate the absorption
capacity (AC) with the following modified formula:
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_ weight of pellet — weight of sample(dry matter)

AC % 100.

weight of sample (dry matter)

Particle size distribution

The particle size distribution was measured by static light
scattering with a Mastersizer 3000 instrument using the
Aero S unit for dry powders (Malvern Instruments Ltd,
Worcestershire, UK) as described in Jakobi et al. [12]. The
particle size of the dry dispersion was determined accord-
ing to the Mie theory with a refractive index of 1. For each
measurement, the average of 10 spectra was calculated. A
range of obscuration of 1-8% was used for the measurement.
The span is calculated as (Dgy — D1)/Ds,.

Determination of the gluten protein composition
by RP-HPLC

Vital gluten (20 mg) was extracted first with 60% (v/v)
aqueous ethanol (3 1.5 ml) for 10 min at 22 °C (gliadins)
and then with 50% (v/v) propan-1-ol, 0.05 mol/l Tris—HCl
(pH 7.5), 2 mol/l (w/v) urea and 1% (w/v) dithiothrei-
tol (DTT) (3x 1.5 ml, 60 °C and under nitrogen atmosphere)
for 30 min (glutenins). After centrifugation for 25 min at
4600xg and 22 °C, appropriate extracts were combined and
diluted to 5.0 ml with the respective solvents. Protein frac-
tions were quantitated by reversed-phase (RP)-HPLC analy-
sis as described in Schopf and Scherf [13]. The calibration
and the calculation of protein contents was established using
PWG—gliadin (11.6-46.6 pg, dissolved in 60% (v/v) ethanol)
[14].

Determination of extractable and non-extractable
proteins by GP-HPLC

The extractable and non-extractable protein content was
determined according to the method of Batey et al. [15]. To
obtain the extractable protein fraction, 15 mg of vital gluten
were extracted with 5 ml extraction solution (acetonitrile/
water (1:1, v/v), 0.1% trifluoroacetic acid (TFA) (v/v)) by
shaking for 30 min at 900xg and 22 °C, followed by cen-
trifugation for 20 min at 4500xg and 22 °C. The residue
was then extracted a second time essentially in the same
way, except for an additional sonication step for 40 s at the
beginning of the procedure to get the non-extractable pro-
tein fraction. Both extracts were analyzed by gel permea-
tion (GP)-HPLC using a Hitachi Merck instrument (VWR)
with a BioSep-SEC-s4000 column (300 X 4.6 mm, Phenom-
enex) under isocratic conditions with acetonitrile/water (1:1,
v/v) containing 0.1% TFA (v/v) at a flow rate of 0.3 ml/min
and 22 °C. The injection volume was 20 pl. UV detection

was carried out at 210 nm. PWG—gliadin (2.5 mg/ml) was
used as standard material [14] to calibrate the HPLC-system
and finally to calculate the protein concentration of extract-
able and non-extractable proteins. The obtained peaks had
a retention time of 6.0 -13.0 min. For both fractions, a fur-
ther division into high-molecular-weight (HMW) and low-
molecular-weight (LMW) was made, resulting in peaks from
6.0-9.2 min for HMW and 9.2-13.0 min for LMW.

Determination of SDS-soluble proteins and glutenin
macropolymer by GP-HPLC

For the determination of the content of SDS-soluble (SDSS)
proteins, 20 mg of vital gluten were extracted with 1% (w/v)
SDS and 0.05 mol/l NaH,PO, (pH 6.9) (2% 1.0 ml). The
extraction procedure involved vortex mixing for 2 min,
then magnetic stirring for 30 min at 22 °C, followed by
centrifugation for 25 min at 4600Xg and 22 °C. To obtain
the glutenin macropolymer (GMP), the residue was then
extracted using the same procedure with 50% (v/v) 1-pro-
panol, 0.05 mol/l Na,HPO,/KH,PO, (pH 7.5) and 1% (w/v)
DTT (2% 1.0 ml, 60 °C, under nitrogen atmosphere) [16].
Both extracts were analyzed by gel permeation (GP)-HPLC
using a Hitachi Merck instrument (VWR, Darmstadt, Ger-
many) with a BioSep-SEC-s3000 column (300 x 4.6 mm,
Phenomenex, Aschaffenburg, Germany) under isocratic
conditions with acetonitrile/water (1:1, v/v) containing
0.1% TFEA (v/v) at a flow rate of 0.3 ml/min and 22 °C. The
injection volume was 20 ul. UV detection was carried out
at 210 nm. PWG-gliadin (2.5 mg/ml) was used to calibrate
the HPLC system [14].

Near-infrared spectroscopy

Near-infrared (NIR) spectra (12,800-4000 cm™!) of vital
gluten samples were recorded using the Tango FT-IR spec-
trometer (Bruker Optik GmbH, Ettlingen, Germany) with
the software OPUS 7.8. An average of 64 scans per spectrum
was calculated with a resolution of 8 cm™'. The background
spectra were generated with a clean empty cell. For each
spectrum, the absolute and mathematical area was calculated
every 50 cm™ in the range from 7000 to 4000 cm™!.

Circular dichroism spectroscopy

Circular dichroism (CD) spectra (200-280 nm) were meas-
ured using the Chirascan Plus CD spectrometer (Applied
Photophysics Ltd., Leatherhead, UK). The temperature was
held constant at 20 °C during the measurement. An average
of 10 scans per spectrum was made. Gliadins, glutenins and
gluten of each vital gluten sample (G1-G39) were analyzed.
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The gliadins were obtained by extraction with 60% aqueous
ethanol as described. For the glutenins and gluten, the sam-
ple preparation was made in the same manner as for the non-
extractable protein fraction according to Batey et al. [15].
The background spectra were recorded with the appropriate
solvents before each measurement.

Statistical analysis

Origin® 2019 (OriginLab Corporation, Northampton, USA)
was used to collect and evaluate the data. Principal compo-
nent analysis (PCA) was applied individually for each analy-
sis, but also for a combination of all analytical results to
check for variation and correlation between the vital gluten
samples. One-way analysis of variance (ANOVA) with Tuk-
ey’s test (p <0.05) was performed by SigmaPlot 12.0 (Systat
Software, San José, CA, USA).

Results and discussion
Basic composition of vital gluten

The basic composition of the vital gluten samples G1-G39
is summarized in Table 1. The moisture content was between
4.8 (G1) and 7.4% (G19), the ash content varied from
0.7 (G20) to 1.2% (G1) and the crude protein content ranged
from 81.6 (G13) to 95.7% (G20). These values were consist-
ent with the definition of vital gluten in the Codex Stand-
ard 163—1987 [1]. The starch content of the vital gluten
samples G1-G39 was between 2.7 (G22) and 7.9% (G27).
During the production of vital gluten, starch is separated
from wheat flour by washing with water. Depending on
the process, residual starch remains in the end product and
starch contents from 7.1 to 15.5% are common [17]. The
lipid content of the vital gluten samples G1-G39 ranged
from 0.6 (G31) to 2.1% (G18). In the literature, similar lipid
contents of 0.8-2.7% can be found [17, 18].

Oil and water absorption capacity

The oil absorption capacity (OAC) of the vital glu-
ten samples G1-G39 varied from 98.5 (G21) to
129.1% (G14) (Table 1). Overall, the OAC of most vital
gluten samples was similar. There were only some signifi-
cant differences, e.g., G21 with the lowest OAC differed
significantly from the 7 vital gluten samples with the highest
OAC, while similar OACs were identified for the remaining
31 vital gluten samples. In this study, the OAC was cal-
culated considering the sample weight, resulting in gener-
ally lower values compared to Kaushik et al., who reported
246.2-356.0% [11]. They calculated the OAC and WAC by
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dividing the weight of sediment by the weight of sample and
multiplying the result by 100. The water absorption capac-
ity (WAC) of the vital gluten samples G1-G39 ranged from
117.4 (G18) to 190.3% (G14) (Table 1). Interestingly, similar
WACs were observed for several vital gluten samples from
the same manufacturer. For example, G19-G22, G23-G28,
as well as G3-G6 and G34-G35 showed no significant dif-
ferences in their WAC. WACs of 249.9-354.2% for dried
wheat gluten were reported by Kaushik et al. [11]. These
values were higher compared to those found in this study,
but as already mentioned for the calculation of the OAC,
the sample weight was also considered in our study, which
led to lower values. Especially, the WAC has been shown
to be an important parameter determining the functionality
of vital gluten when used in baking experiments, because it
influences gluten network formation and the interaction of
water molecules with both gluten polymers and starch [19].

Particle size distribution

The particle size distribution provides information about
the diameter of the particles by three different key param-
eters: Dy, D5, and Dy,. D5, represents the median diam-
eter where 50% of the total particle volume is gener-
ated by particles with a diameter smaller than Ds,. The
diameter where 90% are smaller and 10% are larger is
called Dy, and D, defines the diameter where 10% are
smaller and 90% larger. Vital gluten samples G1-G39
had values from 5.8 (G38) to 34.5 um (G19) for D,
from 33.6 (G38) to 111.0 um (G21) for D5, and from
93.2 (G28) to 302.0 um (G21) for Dy, (Table 2). The val-
ues for the width of the distribution (span) varied between
1.8 (G20) and 3.5 (G33). Overall, vital gluten samples
G1-G39 showed similar particle size distributions except
for G19-G21. Since we had no further information on the
production process for each sample, it was not possible to
link the particle size distribution to potential functionality.
Considering the overall similarity of the D,, D5y, and Dy,
values, we concluded that the particle size distribution did
not appear to have a large influence on the characteristics
of the samples G1-G39. This is in line with Wadhawan and
Bushuk [20], who analyzed 27 commercial gluten samples
and reported that the particle size had no significant effect
on water absorption and functionality.

Gluten protein composition

A combination of modified Osborne fractionation and RP-
HPLC [21] was applied to quantitate w5-, wb-, w1,2-, a-
and y—gliadins, as well as HMW-GS and LMW-GS in the
vital gluten samples G1-G39 (Table 3). G27 had the lowest
gluten content with 687.8 mg/g, while G20 had the highest
content with 944.0 mg/g. The recovery rate of the gluten



European Food Research and Technology

Table 1 Overview of vital VG

eluten (VG) samples G1— OAC WAC Ash Lipids Starch Moisture  Crude protein
G309, their oil absorption (%) (%) (%) (%) (%) (%) (%)
2§§§f§§$§§§;§?\§« ACLash O 107.3% 1752 118" 0.84% 5.oefehiil 4 gt 87.0h
content, lipid content, starch G2 119.3%¢ 15950l ggyede p sghiklmn 5 gdefehifk 5 gt 86.3¢M
content, moisture content and G3 112.9%b¢ 52 5dfehi (g gshikl  5pfehikim 5 pdefehik 5.5mp 83, gabodefe
crude protein content G4 121.3%%¢  161.5%hk o ggef 1.46cfehikim 5 7ehijklmn 5 pqrs 90.5%
G5 118.73b¢  157.5dfehi () gpehi 1.57hiikimn 4 Gabedefehij 5 jrst 85 gdefehii
G6 122.4%¢  160.2%fehi (96! 1.51fehikim 5 jdefghijkl 5.5mP 84, 3abedefehij
G7 104.6°  163.6%hk . gshikl q s5ehikimn 4 gedefehijk 5 7lmn 84, 3abedefehij
G8 116.3%¢ 159 7dfehi 1 g3no 1.83mnop 3.1% 5.6Mmn° 84 4abedefehij
G9 101.5%  165.1%Mk (0 .84¢d 1.37¢fehik 3.0 5.6mm° 86.31ehi
G10 122.1%¢ 182,79 0.97 1.17bcdefe 4 pbedefehij 5 snop 84, (gbedefeh
Gl1 126.5° 174.41K 0.988m  1.10bcde 5.6ehikim 6.28h 85.6°fehi
G12 125.0  123.0% 0.96/ 2.01° 5.6ehikim 5.40P0r gD 7abede
G13 108.5%¢ 143 7¢def 1.00™ 1.90"P 5.3fehijkl 5.2P4s 81.6°
Gl4 129.1¢ 190.3! 0.961! 1.76Kmmop 6.1hikimno 5 gjkim 82.1%
G15 119.1%¢ 172 7MiM 0.94Pik 7 7pikimnop 3 gabedef 7.0% 84, 5ubedefehi
G16 117.0%  119.9% 0.97Km 1 7pKimnop 5 jdefghijkl 5 gkim 82.54bed
G17 106.0%¢ 15020t 0.92¢" 1.79'mnop 6.3kImmo 5.6 84, ] abedefehi
G18 112.0%  117.4 0.98'm 2.09° 6.68mm° 5.2Pars 82.54bed
G19 108.3%¢  165.3%Mk  (.90f 0.928%¢ 4 ubedefgh 7 g2 87.2
G20 108.7%¢  163.3%Mk  (.69? 1.09Pcde 3 4bede 7.1%¢ 95.7!
G21 98.5° 171.8hikl 0.92K! 1.13bcdef 4 gbedefehii 7 42 85.4cdefehi
G22 11772 157.4%fhi (964 0.942%¢ 2.7 5.40P9F §3,gabedef
G23 125.4%  168.18hk 1.10™ 0.928%¢ 5.1 defehiikl g ohijk 84 (abdefehi
G24 121.8%¢  161.5¢fhk 1 oora 1.09bcde 4 5ebedefehii ¢ ikl 85, Qbedefehi
G25 117.9%¢  165.2%Mk 1 06° 0.98:bcd 6.2kimno 6.2¢8h 84, ] @bedefehi
G26 120.4%¢  161.1¢fhk 1 5P 1.13bcdef 6.9!mme 6.1¢8hik 84, ] @bedefehi
G27 117.8%¢  169.08MK 1074 0.943%¢ 7.9° 6.4% §3 4abedefe
G28 115.7%¢  162.0¢fhk 1 10b 1.11bcde 7.8° 6.1¢8hik 3 3abedefe
G29 117.7%¢  155.0%fh 0 79¢ 0.95%¢ 5. 3fehijkl 6.7% 87.17
G30 116.6%¢  155.8%fehi (832 1.25¢defehi 7.6° 6.7% 84, 5abedefehi
G31 123.8%¢  151.7%f 0700 0617 6.4ikImno 6.8% 5. 7¢tehi
G32 124.3%  163.8%Mk g7t 1.20bcdefeh 7 gno 7.0%4 82.54¢
G33 115.8%¢  138.8abd 0768 1 36dfehi 6.8kImno 7.4% 82.41b¢
G34 108_9abc 157.6defghij 0.93hijkl 1'47efghijk1m 5_3efghijk1 6. lghijk 85.5cdefghij
G35 119.9%¢ 1715 0.95° 1.51fehikim 7 gmno 6.38h 83, 5abedele
G36 121.9%¢  140.4bcde 0.69%¢ 1.1]bede 4 gbedefehi ¢ 3feh 85 4cdefehii
G37 123.5% 168.2¢hiik 0.84°f 1.4 ¢fehiikl 3.18b¢ 5.8Kim 84,1 2bodefehij
G38 116.13¢  157.5%fhi (g 1.38¢fehik 4 (gebedefe 5.20 81.8%
G39 123.3%¢ 1726 0.97¥ 1.620kimno 5.5¢ehijkim 6.6 §3 gabedefe
Mean 116.5 157.5 0.93 1.34 5.5 6.0 84.7
Median  117.7 161.1 0.95 1.36 52 6.0 84.1
cv 0.08 0.10 0.12 0.26 0.34 0.12 0.03

All values are given as means (n=3); mean values associated with different small superscript letters indi-
cate significant differences between vital gluten samples within one column (one-way ANOVA, Tukey test,

p<0.05), CV coefficient of variation over all samples G1-G39
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Table 2 Particle size distribution of vital gluten (VG) samples G1-
G39

VG D, Dy, Dy, Span
Gl 7.6 58.8 154.0 2.5
G2 7.4 39.9 109.0 2.5
G3 8.1 429 115.0 2.5
G4 8.1 42.6 112.0 2.4
G5 7.5 38.9 107.0 2.6
G6 8.2 42.7 115.0 2.5
G7 6.6 39.6 113.0 2.7
G8 7.2 46.5 122.0 2.5
G9 6.9 43.7 117.0 2.5
G10 7.2 49.6 132.0 2.5
Gl11 7.0 46.1 124.0 2.5
G12 6.4 38.8 117.0 29
G13 6.7 42.1 119.0 2.7
Gl14 7.6 47.1 123.0 24
G15 7.1 439 116.0 2.5
G16 6.6 43.9 132.0 29
G17 6.4 414 117.0 2.7
G18 6.9 443 126.0 2.7
G19 345 106.0 284.0 24
G20 21.2 71.2 149.0 1.8
G21 33.1 111.0 302.0 24
G22 7.0 43.0 117.0 2.6
G23 8.3 459 121.0 2.5
G24 7.5 41.8 109.0 24
G25 7.5 42.7 112.0 24
G26 7.9 43.6 115.0 2.5
G27 9.1 48.6 125.0 24
G28 7.0 37.7 93.2 2.3
G29 7.9 46.7 138.0 2.8
G30 8.3 50.2 141.0 2.6
G31 9.0 52.0 145.0 2.6
G32 7.4 442 136.0 29
G33 6.6 36.0 133.0 35
G34 8.3 42.0 112.0 2.5
G35 8.1 41.7 113.0 2.5
G36 8.1 46.9 139.0 2.8
G37 6.8 41.8 110.0 2.5
G38 5.8 33.6 102.0 29
G39 6.6 37.7 117.0 29
Mean 9.1 47.6 130.3 2.6
Median 7.5 43.6 117.0 2.5
CvV 0.68 0.33 0.31 0.10

CV coefficient of variation over all samples G1-G39

content using RP-HPLC compared to the corresponding
crude protein content was 85.9% or higher. Overall, G1-G39
showed similarities in their gliadin and glutenin distribu-
tion. Most variations were observed for the w5—gliadins with
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a coefficient of variation (CV) of 0.15 and values ranging
from 13.8 (G30) to 27.5 mg/g (G20). For the glutenins, the
highest CV (0.11) was found for HMW-GS. G14 had the
smallest content with 63.2 mg/g, whereas G36 had the high-
est content with 100.1 mg/g. The gliadin/glutenin ratio was
between 1.5 (G36) and 2.7 (G15 and G18). Goesaert et al.
[22] showed that a balanced gliadin/glutenin ratio is neces-
sary to achieve good bread making quality in wheat flour.
However, recent investigations showed that the gliadin/glu-
tenin ratio was not sufficiently reliable to predict the baking
performance of vital gluten samples [10]. Vital gluten sam-
ples from one manufacturer showed predominantly higher
similarities in their protein distribution compared to samples
from other manufacturers.

Extractable and non-extractable proteins

The extractable (EP) and non-extractable proteins (NEP)
were isolated according to Batey et al. [15] and ana-
lyzed by GP-HPLC (Table 4). Values from 186.2 (G23)
to 321.1 mg/g (G1) were observed for HMW-EP and
406.5 mg/g (G16) to 552.3 mg/g (G20) for LMW-EP. The
NEP ranged between 12.1 (G6) and 41.6 mg/g (G7) for
HMW-NEP and 16.6 mg/g (G6) and 24.6 mg/g (G38) for
LMW-NEP. In total, the protein contents were between
637.1 (G23) and 887.0 mg/g (G20). In most cases, the
vital gluten samples from one manufacturer had similar
protein distributions.

SDSS proteins and GMP

The SDSS proteins and the GMP were extracted by the
method of Gupta et al. [16] (Table 4). The total protein was
between 530.8 (G22) and 787.2 mg/g (G27) and the SDSS
proteins were between 449.4 (G22) and 718.7 mg/g (G26).
For the GMP, the absolute protein content was 7.7 mg/g
(G26) to 27.1 mg/g (G21) for LMW-GMP and from 25.6
(G26) to 85.7 mg/g (G20) for HMW-GMP, resulting in a
total GMP content of 33.3 mg/g (G26) to 83.6 mg/g (G21).
Vital gluten samples G19-G22 had higher GMP contents
compared to the other vital gluten samples. In general, a
high GMP content is associated with good baking perfor-
mance in wheat flour [23], but our results indicated no
correlation (p =0.49) between the GMP content of vital
gluten and the specific volumes of two independent baking
experiments reported in Schopf and Scherf [10].

Comparison of GP-HPLC methods

Both GP-HPLC methods are based on the principle of gel
permeation chromatography and provide information on



European Food Research and Technology

91 1'98L 143508'96C 1330S €0T usepE 98 3j0poqe0’9 e 68% q0'€ST aqu0'LST 609 JopoqeS ST %3]
L1 1608 13,0 €0€ 143l 90C w39 'L8 850008 poqe6’ 10S aqu0'SST poqe€ €9T quS 9 Jopoqe] 81 €0
81 £'98L usropoqS 18T uspopoql P61 1opoq€ 08 8jopoqeC L poqe8 70S 310p2q9 691 0T8T eV 79 Jopoqu6 81 %%9)
81 808 wsop8 062 143309661 1opoS €8 Sjopoqe8 L opoqe9 TS yspopoqC PLI 2qe0'9ST poqel L9 e ST (439}
61 TIE8 wpl 88T wpepoq T61 JopoC 18 w101 wBpepoaS THS  ysjepaql SLI 310p2q0 €8T poqel 99 JopoquC 81 1€D
L1 818 13l TOE 1330 €0T 4310968 455’6 350p0qeS STS  ysjepoqt TLI opoquS L9T opoqu6 1L 8°€l 0D
L1 L8 143509 T0E 43S S0T 3001 98 w011 Jopoqe] 'TTS 310poq8 L9 apoquE 69T poqeC 99 1op2q8 81 629
61 ¥'09L Jopoqe€ 09T sjopoqel SLT apoqS'LL Spopoqel 'L poqe] 100S oqul"LST 2qe9'SST poqe?” L9 usppo0"0T 87D
8l 8189 - poqeS 991 oqu8 TL 3jopoqe8 9 oL 7Y F8€E1 1°STT #8°6S Jopoqul 81 LTO
61 8908 uSjopoS 8LT uS1opoq0 061 1opoC 18 8jopoqeC L 31p0qC 8TS 310poqS L9 1opoq9 1LT apoqe] OL 1opoq0’61 97O
61 1'€8L 3jopoqe8 99T E—a| Jopoql 8L Jopogqel.’S JopoqeE 91S JopogL'S9T poqe€ 09T opoqe€ 0L uspepo0"0C 449)
61 T'8C8 uspopol T8T I — 1opo0'C8 3popoql '8 wepoa0' IS ysjepoq8 SLI Jopoq€ LLT opoa8TL uspepo0"0T ¥7O
|4 $'908 Jopogqe] 6ST 310poqe0 9L 1 apoq0'LL Jopoqel 9 wpepoa? LVS  ysjepoql OLI 3popoal” 8T opoqel TL spepol 0T 1549)
97 1'608 q6'92T OPST 8'S9 Jopoqel 9 uspopE T8S 4€'961 uspopl TOE apoqe8'89 @S Pl (443}
€T L'068 Sjopoqel 99T JopoqeL VLT 4510898 bV 4€¥T9 F9°S61 4O EEE apoql €L uETT 129
61 0't¥6 49°9C¢ wl'TTT 436'86 poqel 'S $ELI9 4T €61 wspl €1€ 0°€8 S'LT 079
Tt S'LS8 Jopoqel $9T opoqu8 VL1 1opoC H8 Jopoqe€ 9 us1epC TOS W€'T0T  y3j0peqC 96T opoql VL 310po8 61 619
LT ¥€T8 8TTT «SIST 7’99 poqe0’ ¥ 9009 s 1°S81 $6°STE p89L W36'TT 81D
61 TTL Jopoqe9 15T 8jopoquS VLT poqeS TL @9t @S OLY @8 9vI 0qu8'81C eL'LS opoqeE L1 LTO
97 6'L18 oquE 6CT qul’SST 0'L9 3j0poqed9 4509888 ysep8 181 sl LOE opa9'SL wS'€C 91D
LT 068 67T 2CTST @9'L9 apoqel 'S 4517009 y5100'981 S STE opoC 9L w9 1T 989)
v LISL €T qO'LST «C'€9 7 3popoal” LTS apoq L ¥91 3jopoq| 08T oqu8'C9 ys1ep€ 0T ¥19
1T 1'2CL oqu] "€€T 0 91 8'99 — 20 68% 58 TST poqe] '8SCT qC 68 350p0q0 ' 81 €10
61 0SHL Jopoqe8 €ST 8jopoqu9 SLT oqe’ TL JopoquE 9 el 16¥ T TSI poqe0’09C P19 opoqel' L1 4rs}
61 €'6SL JopoqeS 79T 8jopoqe9 SLT 1opoS 08 apoqe’S 0qe8 V6Y T IST 0qe8¥ST apoqel TL opoqe8 L1 119
81 0TSL S1opo0 08T w3jopa9 TO1 JopoL T8 Jopoqu9’S oqel LY ! @V €T aqut T9 opoqe0'L1 019
81 S'86L wspl 06T 143129°961 el 98 Sjopoqel 'L apoqel” 808 poq8 €91 apoqeE $9T quS 9 el Pl 69
LT SY9L wepol 8L wsjopoqt TOI 1opa9'18 sqel ¥ 0qe8'S8Y 0qe8 ST 0qe6 15T 29 €9 oqeS'ST 8D
€T 0018 apoquE LYT - opoqO PL 810poqe9 9 wsppol TS uSjopo8 8LI Bpepol 16T apoqel’OL wpe 1T LD
61 ¥'708 wsppol 6LT Sjopoqd 061 Jopot 18 Syopoqel 'L 8jopoaf €T poqe 6ST Jopoq€ LLT poqe9 99 usjep€ 0T 9D
81 VLLL s1opo0'08T SpopoqS 061 350pa0 T8 Sjopoqe9 9 poqel” L6V poqed"SST apoqe] 19T 29" C9 Jopoqel ‘81 SO
07 8058 45109'98¢C wapepS €61 350pC 78 u5jopo06 wppol YIS ysjopoql 691 uspepo0 ' L6T apol'SL W3S T ¥D
8T ¥T8L wSppo8 9LT —a 1opoC 6L 8jopoqeC L apoqe9"S0S € SST apoq1'99C aquC 9 usjep0°0C €D
91 S'L8L 13,9°66C 3S 20T 45,088 wsyepl 6 e’ L8Y poqe0’SST 0qel TST 2qe0"€9 poqe€ 91 [43)
97 9°¢6L 1439°S0€ w81 JopoL 18 opoqed’S 2qe0"88% poqeL9ST 0qe6 ¥ST qul 68 poqel. 91 [£9)
[3/3w] [8/3uw] [3/3w] [3/3w] [3/3w] [8/3uw] [3/3w] [8/3uw] [3/3w] [3/3w]
LOTO/NVITD  uamiy  sutudinis [ejo], SO-MINT  SO-MINH  SUIperjs-qo  suiper|s [ejo], surper3-4 sulper3-v  suIpers-z‘[@  sulper[3-gm DA

sisATeue ) TdH-d¥ 10} (SO-MIN'T) siunqns uruan(s Jy31om-Ie[no[owW-mo| pue (SO-MJAH) siungns uruain|3 jysSom-1enodjowr
-y3y ‘surper3-4 pue -v -g‘{® ‘-q@ ‘-¢® :paIAPISU0 1M sadA) uroad Juareyiq [S/3w] Juouod urelold Anjosqe se udAIS GED-1D (DA) sojdwes uanis (el Jo uonisodwod urlold € d|qeL

pringer

a's



European Food Research and Technology

GLIA/GLUT

1.5
1.8
1.8
1.8
2.0
1.9
0.16

Gluten
[mg/g]
844.5
842.4
789.3
771.3
799.4
802.4
0.06

Total glutenins
0.10

[mg/g]
274.0bcdefg

343.8
303.4%hi
283.7defgh
273.8
278.7

182_6abcdefg
0.10

LMW-GS
[mg/g]
230.7!
202_7efghi
202.2¢hi
186.5
190.5

HMW-GS
[mg/g]
100.1"
91.5fh
83.8de
81_20def
80.2

14

0.11

wb-gliadins

[mg/g]
13.0°
9.3defgh
7.7bcdefg
10.2¢
7.1
0.28

6.8

Total gliadins
[mg/g]
500. 6abcd
539'0bcdefgh
505.6ab0de
503.42bcd
525.6
512.6

0.08

177_3bcdefgh
161 _7bcde
0.09

y-gliadins
150.5%
166.6
164.1

[mg/g]
161 _3abcde

a-gliadins
[mg/g]
249.9%¢
270. 3bcdef
260. Sabcd
260.7%¢
272.1
0.09

265.3
3); mean values associated with different small superscript letters indicate significant differences between vital gluten samples within one column (one-way

ANOVA, Tukey test, p <0.05), CV coefficient of variation over all samples G1-G39, GLIA/GLUT, gliadin to glutenin ratio

wl,2-gliadins

[mg/g]
69.7abcde
72. 4abcde
65.4ade
68.2ade
67.8
0.09

67.1

w5-gliadins
[mg/g]
19, gedeteh
19, Qbedete
17 72bede
24.0"

0.15

19.1
18.9

Table 3 (continued)
All values are given as means (n

G36
G37
G38
G39
Mean
Median
Cv

the solubility in different extraction solutions, the M, dis-
tribution and the ratio of soluble to insoluble proteins of
the vital gluten samples. However, different pore sizes in
the column, BioSep-SEC-s3000 (30 nm) and BioSep-SEC-
s4000 (50 nm), as well as different extraction procedures
were used to analyze the vital gluten samples. The ratio
for EP to NEP was between 10.9 (G7) and 26.1 (G6). The
ratio of SDSS proteins to GMP ranged from 4.6 (G21)
to 21.6 (G26). Interestingly, the loading plot showed that
SDSS proteins and NEP, as well as GMP and EP loaded in
one direction, respectively, rather than vice versa as could
be expected from the extraction procedures (Fig. 1). Since
there was no significant correlation (p > 0.05) between
both methods, it is recommended to use both to character-
ize the M, distribution of vital gluten, because they provide
complementary information, such as the M, distribution.

NIRS

The NIR spectra of the vital gluten samples G1-G39 showed
similarities in their curve profiles, only the intensities dif-
fered slightly (Fig. 2). Most variation occurred for the range
of 5350-5200 cm™!, which is the typical band for the 2nd
overtone of O—H bending [24] and most likely indicated
differences in the moisture content of the vital gluten sam-
ples. Typical molecular vibrations for flour occurred in
the region of 82207190 cm™! for C-H 2nd overtone and
combination modes, 7190-6720 cm™' for O—H 1st over-
tone and C—H combination modes, 5700-5200 cm™~! for
C=O0 stretching 2nd overtone and O—H combinations,
44004120 cm™!, 7150-6400 cm™! for N-H stretching 1st
overtone, 6400-5300 cm™! for C-H stretching and combi-
nations, as well as 5250—-5040 cm™' for O-H bending 2nd
overtone [25]. NIRS was already used to successfully predict
quality-related parameters in wheat [26] and was, therefore,
considered to be suitable to predict quality parameters of
vital gluten. The results of the area integration of the NIR
spectra (each 50 cm™') was assessed by PCA and showed
that there were similarities between the vital gluten sam-
ples of the same manufacturer. However, many vital gluten
samples from different suppliers were located in the same
region, making it difficult to assign them to a specific manu-
facturer (Fig. 3). We assumed that the production processes
varied from manufacturer to manufacturer and caused dif-
ferences in fundamental characteristics that might explain
the differences in functionality observed between the vital
gluten samples [10]. Since we had no access to confiden-
tial information on specific process parameters, our study
tried the reverse approach to collect as much structural and
spectral data as possible and use this to assign vital gluten
samples to different manufacturers. Based on the spectral
analysis, samples G1, G31 and G36 stood out from the rest,
but further studies would be necessary to identify the exact
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Table 4 Protein composition of vital gluten samples (VG) G1-G39
given as absolute protein content [mg/g]. Different protein types

or LMW non-extractable proteins (NEP), as well as SDS-soluble
(SDSS) proteins and HMW or LMW glutenin macropolymer (GMP)

were considered: HMW or LMW extractable proteins (EP), HMW for GP-HPLC
VG HMW-EP  LMW-EP HMW-NEP LMW-NEP EP/NEP SDSS HMW-GMP LMW-GMP GMP  SDSS/GMP
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

Gl 321.1™ 503.2hikl 19.43bcdel 94 ab 19.0 610.1¢%fe 14 3bedefe 58.5°¢ 72.8%0 84
G2 2727 28bcdefeh  4gg 5defehijkl 55 Hdefe 21.7 15.3 635.2¢0f 16, ehi 55748 71.9%f 88
G3 240.5¢defehii 494 gfehijkl 23 pcdefe 17.42 18.1 640.8%T8 14 4bedefeh 43 pbe 57.6  11.1
G4 264 2kl 500.5¢hik! 14.6%¢ 17.7% 23.7 657.1°%  16.62hik 55,3def 71.9% 91
G5 251 4°fehiik 47 7abedefehifk 36 Hhi 23.42 12.1 595,3bcdefe 5 3defehi 56.54fe 71.9% 83
G6 247.3%fehi 503 3hikl 12,1 16.6% 26.1 636.2¢0fe 17 hik 55.54fe 732840 87
G7 215.920cdef 473 pbedefehijc 47 g 21.8° 10.9 609.8cdefe 13 gbedefe 58.0°¢ 71.8°%f g5
G8 215.280cdef 47 pabedefehifk 35 ghi 23.00 11.5 578.20cdel 14 gedefeh 56.7%f 71.3%%f g1
G9 282 2ikIm 506.6"K! 31.2¢h 24.0° 14.3 659.2°f 11.4° 41.6° 53.0° 124
G10 198.3%¢ 415.6 13.4% 21.0° 17.9 620.0%¢fe 12,40 45.5bd 57.9%  10.7
Gl1 239 3cdefehi 578 gikl 25.5' 21.6° 16.1 622.4°defe 15 4defehii 53 4cdef 68.8°% 90
G12 249 79efehiik 465 gabedefehik 19 gabedef () 32 18.2 628.4°d4fe 17 gbede 59.2¢fe 71.8%f g7
G13 298.4!m 458 guoedefehi 9 gbedef 21.4° 17.5 632.0%0cfe 14, 1bcdefe 57.6%' 71.7°%f 8.8
Gl4 271.4K 459 500cdefehii 40y 4hi 22.3% 11.6 591.00cdel 17 gbedefe 59.1¢f 72.1%F 82
G15 292.9kIm 508.21K! 20.3%edef g2 20.9 657.0%f  11.6%d% 52, 5bcdef 64.1%¢  10.2
G16 235.1bedefehi 406, 5 14.7%¢ 21.7% 17.6 626.6°%f 142 59.1¢f 73.3%F 86
G17 293.0km 464 470cdefehii g gabedel 93 ja 18.0 600.90cdefe 13 gbedefe 58.2¢f 71.8%f g4
G18 243 59¢fehii 447 qabedefehi 5 gabedef () 32 17.0 621.0%dcfe 14, 1bcdef 60.2¢f¢" 74.4% 83
G19 248.0defehii - 474 ghedefehifk 1 g gabedef 94 (2 16.8 481.2% 19.14 69.8" 89.0¢ 5.4
G20 293 3kIm 552.3! 18.5%bcdet 92 g2 20.4 528.82<d 24 0™ 85.7 109.7" 438
G21 258.1fhik 490 gefehijkl 13.9%¢ 23.4* 20.1 510.8*  27.1" 83.6' 1106" 46
G22 260. 18k 481 1cdefeniik 17 ga 20.4 22.3 449 4° 15.pdefeni 66.2¢" 814t 55
G23 186.2° 410.5% 19.6%cdef 20 92 14.8 687.5% 17.9%k 63.6" 81.5% 84
G24 219.530cdefe 419 gabe 15.72bed 20.0° 17.9 668.4° 15 5dfehi 54,100t 69.6°%f 96
G25 200).430cdefegh 43 7abedef 16.5%cdet 90,32 17.7 646.9%fe 14 gedefeh 54 5%f 69.3%%f 93
G26 212.28cde g7 pabede 16.32bcde 20.7° 17.3 718.78 7.7 25.6° 333% 216
G27 206.42bcd 422 42bed 20.8abedel 9 42 15.2 643.49fe 14 1bcdefe 54 4%t 68.5%% 94
G28 251 .gefehiik 474 sbedefehifk g gabedef 5 g2 18.3 635.4°defe 15 pdefeh 55.9dfe 70.8%f 90
G29 214.5%0cdel 447 gabedefehi g gabedef 5y 52 16.0 624.0°4fe 17 1ehik 55.8%fe 72.9%f 86
G30 213.330cde 477 pbedefehifk g 7abedef 55 ga 16.6 602.6°defe 18 11k 55,30t 73.4%" 82
G31 306.3!™ 496.5thikl 13.9%¢ 18.6% 24.7 642.5bdefe 16 3fehifk 55.4¢%f 71.7°%t 90
G32 210.92bed 472 gbedefehik 14 gabe 20.9° 19.3 674.1°%t 219 60.4%" 82.3% 82
G33 195.9% 435.9ibcdefe 15 (yabe 21.5° 17.3 539.6%cde 182k 53 3cdef 71.5%f 75
G34 209 gabedefehi 495 gfehikl 25.3¢fe 19.8? 16.1 640.5%f 15 gefehi 48.pbcde 64.1%¢  10.0
G35 219.18bcdefe 479 gabe 14.3%¢ 20.2% 18.5 621.6°%f 183k 58.7°¢ 77.1° 8.1
G36 279.1ikKim 504. 1 ikl 23.0cdefe 21.4% 17.7 571.3bcdel 16,1 ehi 55.8dfe 71.9%%f 8.0
G37 234 obedefehi 570 6K 13.7% 21.6% 21.4 632.9%%fe 16,1 ehi 57.3dfe 73.4%F 86
G38 218.93bcdel 440 gabedefeh o5 gfe 24.8° 13.0 616.7°d4fe 15 3defehi) 56.5%fe 71.8%%F 8.6
G39 257.9'ehiik 471 gbedefehijk 4 gabe 19.0° 21.8 659.5%" 12,6 59.2°f¢ 71.8%% 92
Mean 2442 469.5 20.6 21.2 17.7 615.8 15.7 56.8 72.5 8.9
Median 240.5 472.1 19.0 214 17.7 626.6 153 56.5 71.8 8.6
cv 0.14 0.07 0.36 0.09 0.20 0.08 0.22 0.17 0.17  0.29

All values are given as means(n=3); mean values associated with different small superscript letters indicate significant differences between vital
gluten samples within one column (one-way ANOVA, Tukey test, p <0.05), CV coefficient of variation over all samples G1-G39
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Fig. 1 Score plot (a) and load- a 10
ing plot (b) of analytical param-

eters of vital gluten samples

G1-G39. Vital gluten samples :
from the same manufacturer are ',"%36
indicated by different symbols o
and colors. Ash content (AC),
moisture content (MC), dry
matter (DM), crude protein con-
tent (CP), lipid content (LC),
starch content (SC), water
absorption capacity (WAC),

oil absorption capacity (OAC),
relative and absolute (a) protein
parameters gliadins (glia)

and subtypes (w5-gliadins,
w1,2-gliadins, a-gliadins,
y-gliadins), glutenins (glut) and .
their subunits high-molecular- -5 4 TN L.
weight (HMW)-glutenins,
low-molecular-weight (LMW)-
glutenins, glutenin macropo-
lymer (GMP, HMW-GMP,
LMW-GMP), SDS soluble

PC 2 [21.89%)]

proteins (SDSS), non-extracta- -10 1= . . — — — — = — T
ble proteins (NEP, HMW-NEP, _ _

LMW-NEP), extractable pro- 4 2 0 2 4 6 8 10 12
teins (EP, HMW-EP, LMW-EP) PC 1 [2534% ]

and particle size distribu-
tion (D, Dsg, Dyg)

b glut (a)

glut LMW-GS (@) TMWGS (a)
LMW-GS ™. HMW- GS .
0.2 - S b gia@) | HMW GMP
L A i HMW GMP a
wbglia b ) ?\AWQMP W owp

Vs
“,,9F’ LM GMP

SC_LM

PC 2[21.89%]
o
o

SDSS + GMP (a)- QOAC: f (a) T, ZTQ,IIav(Sﬁa (@)
SDSS(a)  NEp(a) - “~gla (a)
o m"vgv"fpp(a’ EP- " agiia (a)

SDSS DM E U)‘|’~,_Q"-glla

ACLC . yeglia
0.2 - ulé’ligll_glut
AN 1a
a-glia
T T ) !
0.2 0.0 0.2

PC 1 [25.34%]

molecular structures responsible for the differences. Allin ~ CD spectroscopy

all, NIRS seems to be a promising tool to characterize vital

gluten, but further studies based on a much larger sample set ~ CD spectroscopy was used to determine secondary structural
will be necessary to establish a clear relationship between  elements of vital gluten samples G1-G39. Figure 4 shows
spectral characteristics and vital gluten composition. the far-UV spectra (below 250 nm) of gliadins, glutenins
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Fig.2 Near-infrared spectra of vital gluten samples G1-G39 normal-
ized to [0,1]. Regions where typical molecular vibrations of wheat
flour occur are marked
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Fig.3 Score plot of the area integration of the NIR spectra (each
50 cm™!). Vital gluten samples from the same manufacturer are indi-
cated by different symbols and colors

and gluten. At this wavelength range mainly the peptide
bond absorbs, allowing conclusions about the secondary
structure of proteins. The spectra had two characteristics
of an a-helical conformation, expressed by two minima at
206-208 nm and 220-224 nm. Furthermore, the intensity of
the spectra within one protein fraction was similar. However,
larger variations occurred for glutenins, as well as smaller
variations for gliadins and gluten at about 222 nm. This
variance might be explained by the presence of disulfide
bonds, as they have their maximum at 240-250 nm and can
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Fig.4 CD spectroscopy of vital gluten samples G1-G39 normalized
to [0,1]. Gliadins dissolved in 60% ethanol (a), glutenins dissolved in
acetonitrile/water/TFA (50/50, 0.1%) (b), gluten dissolved in acetoni-
trile/water/TFA (50/50, 0.1%) (c)
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distort at about 224 nm [27]. CD spectroscopy is one way
of looking at the secondary structural elements, but in the
case of vital gluten, the spectra were too similar to identify
differences between the samples. For this reason, it does not
appear to provide further information that may be useful to
characterize vital gluten.

Principal component analysis of all analytical parameters

PCA was performed with all analytical parameters (Fig. 1)
and eight principle components (PC1-PC8) were consid-
ered to cover 86.4% of the whole data variance. The com-
ponent matrix indicated that the individual principal com-
ponents were influenced by various parameters resulting in
comparatively low percentages of explained variance for
PC1 (25.3%) and PC2 (21.9%). The loading plot (Fig. 1b)
shows quite clearly that the content of a-, y-, ®1,2- and
w5-gliadins had a positive impact on PC1, but a negative
impact on PC2. Vice versa, LMW-GS and HMW-GS had
a negative influence on PC1, but positive on PC2. EP- und
GMP-related parameters as well as particle size distribution
and water and crude protein content pointed to the top right
corner, whereas SDSS protein- and NEP-related parameters
together with ash and lipid content pointed to the bottom left
corner. The score plot shows the distribution and the cor-
responding clustering of the vital gluten samples (Fig. 1a).
Especially, G19-G22 were quite clearly separated from the
rest of the samples, but they also showed greater variability
within than the rest of the samples. G29-G33, as well as
G12-G18 were located together in a comparatively narrow
area and could be clearly assigned to a cluster. There were
manufacturer-dependent similarities for the other vital glu-
ten samples, but these could not be unambiguously allocated
to a special manufacturer, because of overlapping clusters.
To study whether the outstanding samples G19-G22 con-
founded the loadings and scores of the samples G1-G18
and G23-G39, another PCA was performed without these
samples (Online Resource 1, Figure S1). PC1-PC8 covered
85.7% of the whole data variance, resulting in a coverage of
27.4% for PC1 and 16.8% for PC2. Overall, the loading plot
put the same parameters together as before (Fig. 1b), but the
influence on PC1 and PC2 changed, with a switch of glia-
din- and glutenin-related parameters. In total, the samples
G29-G33 clearly clustered together as before and the overall
picture regarding the distribution of samples from the same
manufacturer was comparable. In addition, various combina-
tions were evaluated, such as removing either the relative or
the absolute values for the content of the protein fractions,
but all PCA plots revealed similar distributions of the vital
gluten samples. A clustering was possible for some manufac-
turers, especially the one specializing in vital gluten produc-
tion (G19-G22). For others, the PCA revealed clear similari-
ties on the one hand, but on the other hand, the differences
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were not large enough to allow a clear assignment to one
specific manufacturer. One additional limitation was that
the origin of some samples were unknown since they were
supplied by distributors, so that some samples might in fact
be from one of the manufacturers already included. Due
to the lack of information on specific proprietary produc-
tion parameters, we could not establish clear relationships
between the raw materials used, the process of gluten-starch
separation and the fundamental characteristics of the com-
mercial vital gluten samples reported here. Our observation
that G19-G22 clearly differed from the other samples sug-
gests that a manufacturing process tailored to producing vital
gluten of high quality causes structural differences compared
to those samples that are gained as a by-product of starch.
Wheat of the highest baking quality typically goes directly
into the production of bread, but would certainly also yield
vital gluten of improved functionality, if used for this pur-
pose. Further work will focus more specifically on relating
process-specific parameters to the structural and functional
properties of vital gluten.

Conclusion

Due to the increasing use of vital gluten for different food,
feed and non-food applications, it is necessary to achieve a
profound characterization of vital gluten samples and deter-
mine whether differences in composition are manufacturer
dependent. The combination of all chemical analyses revealed
that the samples from the manufacturer specializing in vital
gluten production had a different composition and a greater
variability compared to all other samples that were obtained as
a co-product during wheat starch production. While our analy-
ses revealed that samples from the same manufacturer were
indeed similar in their composition, we also found that the
range of variability over all samples was comparatively low.
This makes it difficult to identify clear differences between the
samples that can be related to the manufacturing process and
also help explain differences in functionality.
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