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ABSTRACT

The traditional method in the United States for
screening hard winter wheat (Triticum aestivum
L.) breeding lines is based on the optimum mix-
ing time (MT), an important rheological property
of a wheat flour-water (dough) system typically
obtained from the mixograph. This method is
time consuming and requires some degree of
subjective interpretation, especially with regard
to mixing tolerance. The purpose of this study
was to investigate the potential of Fourier trans-
form horizontal attenuated total reflectance
(FT-HATR) spectroscopy to objectively predict
optimum MT in doughs from a short-duration
mixing cycle (1 min). A total of 55 hard winter
wheat flours with varying protein contents and
MTs were scanned in the amide lll region of
the mid-infrared by FT-HATR immediately after
being mixed 1 min with a mixograph. Regres-
sion analysis of the ratio of the band areas at
1336 cm™ (a-helix) and 1242 cm™" (3 sheet) ver-
sus optimum MT as determined by the mixo-
graph showed a quadratic response with an R?
value of 0.81. Results from this study indicate
that optimum MT could be predicted early in the
mixing process based on changes in the second-
ary structure of the dough protein (gluten). This
method could provide the basis for new tech-
nology to rapidly and accurately screen wheat
samples in early generation breeding lines, thus
saving considerable time and expense in the
development of new cultivars.
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THE DEVELOPMENT OF rapid prediction methods for determina-
tion of wheat (Triticum aestivum L.) end-use functionality is a
major focus of U.S. wheat-quality laboratories. The optimum mix-
ograph mixing time (MT) in a wheat flour—water system (dough)
is one of the important rheological properties that wheat breeders
use to screen germplasm since MT is closely related to end-prod-
uct quality, work input, and product processing time. The current
standard method for wheat breeders to evaluate MT is to use a
mixograph, farinograph, or similar device. For the end-use qual-
ity evaluation of hard winter wheats in the breeding laboratory,
primarily the mixograph has been used. However, this method is
subjective in its interpretation, as well as time consuming in its
method. A rapid and objective method of flour evaluation based on
the chemistry of the dough system and its response to work input,
rather than physical response alone, is desirable.

It is generally recognized that when flour and water are opti-
mally mixed, at least three things are accomplished: (i) a homog-
enous mass of flour and water is formed, (ii) a three-dimensional
protein network is developed with the unique capacity to hold
gas, and (iii) air cells are incorporated into the dough. When
water is added to flour, and the mixing process is started, flour
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protein (gluten) absorbs water and partially unfolds due to
the shear and tensile forces imparted to the dough as a result
of the mixing process (Baig and Hoseney, 1977; Campos et
al., 1997; Kilborn and Tipples, 1977; Larsen, 1964; Lee et
al., 2001; Paredes-Lopez and Bushuk, 1983). It is believed
that hydrophobic interactions and sulthydryl-disulfide inter-
change reactions allow threadlike polymers to form in the
presence of water (Shewry and Tatham, 1997). These poly-
mers are then thought to interact with each other through
hydrogen bonding, additional hydrophobic interactions and
sulthydryl-disulfide interchanges, and physical entangle-
ments created during the mixing process to ultimately form
a continuous sheetlike film of protein with the unique ability
to retain fermentation gases (Bloksma, 1975; Mecham et al.,
1963; Tsen, 1969). These entangled protein polymers con-
form to some as yet unknown extent with the traditional
biochemical models of protein secondary structure, such as
a-helix, 3 sheet, and random coil.

Near-infrared spectroscopy has been used to model
dough mixing time but has seen limited success (Delwiche
et al.,, 1998; Delwiche and Weaver, 1994). In the present
study, we investigated the potential of Fourier transform
horizontal attenuated total reflectance (FT-HATR) infra-
red spectroscopy to objectively predict MT based on unique
changes in the secondary structure of wheat gluten in flour
as it is hydrated and mixed. In the mid-infrared region,
wheat gluten protein has distinctive absorption bands that
“fingerprint” its composition and biochemical structure
and conformation (Susi, 1969). The structural repeat unit of
proteins, the peptide group, gives nine characteristic mid-
infrared bands, named amide A, B, I, II, and III to VII
(Lin-Vien et al., 1991). The amide I (1700-1600 cm™) and
amide II (1600-1500 ¢cm™) bands are two major bands of
the protein infrared spectrum and have traditionally been
used to characterize protein secondary structure (Cooper
and Knutson, 1995; Susi and Byler, 1983; Williams, 1986).
The amide I region (1700-1600 cm™) corresponds to the
C=0 stretch vibration and is directly related to the (poly)
peptide backbone of the protein molecule. The amide II
region (1600—1500 cm™) represents C-N stretch strongly
coupled with N-H bending and is sensitive to conforma-
tional changes in protein structure. The amide III region
(1350— 1200 cm™) of the mid-infrared corresponds to N-H
in-plane bending (40—60%) coupled with C-N stretching
(18—40%) molecular vibrations and also includes C-H and
N-H deformation vibrations. The most important advan-
tage of using the signal in this region is that the —OH vibra-
tions from water do not interfere with the protein spectrum
as they do in the more traditionally used amide I (1700-1760
cm™) and amide II (1600-1500 cm™) regions. In addition,
the absorption bands of secondary structures in the amide
III region do not overlap as much as they do in the amide
I, thus offering less ambiguity of band assignments (Singh
et al., 1993).

Seabourn (2002) previously examined changes in the
secondary structure of gluten proteins during dough mixing
using FT-HATR. It was observed that long mixing doughs
(MT > ~4.50 min) had a higher ratio (1339 cm™/1242 cm™)
of second derivative band area (SDBA) at 1 min into the mix-
ing cycle, followed by medium MT doughs (MT = ~3.00 to
4.50 min), and with short MT doughs (MT < ~3.00 min)
having the lowest ratio. A band at 1339 cm™ was previously
assigned to protein a-helix secondary structure and 1242
cm™! to protein 3-sheet secondary structure (Mathewson,
1985; Seabourn, 2002). The author suggested that infrared
spectroscopic techniques that monitored changes in the sec-
ondary structure of flour proteins could potentially be used
for rapidly screening wheat samples based on MT prediction.
The objective of this study was to investigate the potential of
using FT-HATR infrared spectroscopy as an objective mea-
sure to estimate optimum wheat flour MT in a flour—water
dough system using a short-duration mixing cycle (1 min).

MATERIALS AND METHODS

Sample Preparation

Fifty-five straight grade flours derived from unblended pure
experimental hard red winter wheat breeding lines were used
in this study. Protein content (PC; 14% moisture basis) ranged
from 8.7 to 14.2%, and dough optimum MT ranged from 1.63
to 7.38 min. Experienced operators at the Hard Winter Wheat
Quality Laboratory (Manhattan, KS) determined (i) flour opti-
mum MT and water absorption utilizing a mixograph accord-
ing to AACC Method 54-40A; (ii) flour moisture by air oven
according to AACC Method 44-15A; and (iii) protein content
using a Foss NIR system according to AACC Method 39-11
(American Association of Cereal Chemists, 2000).

Data Collection

An FT-HATR mid-infrared spectrometer (Nexus 870, Ther-
moElectron Corp., Madison, WI), equipped with a ZnSe sample
cell (frequency range = 20,000 to 650 cm™, index of refraction
= 2.4), a mercury-cadmium-telluride (MCT/A) liquid nitrogen-
cooled detector, and a KBr beam splitter, was used for recording
spectra at room temperature (21.5 £ 1°C) in the mid-infrared
region (4000 to 700 cm™). The spectrometer was purged with
CO,—free dry air for 24 h before recording spectra. A 128-scan
co-added interferogram (mirror velocity: 1.8988; aperture:
69.00; sample gain: 1.0; Happ-Genzel apodization, Mertz phase
correction) was collected for each dough sample at a resolution
of 2 cm™ using Omnic software (v8.0.5, 2003, ThermoElec-
tron Corp., Madison, WI). For each dough scan, the single beam
spectrum of the dough was divided by the background (attenu-
ated total reflectance [ATR] cell with no sample) single beam
spectrum and then converted to an absorbance spectrum.

Data Analysis

Omnic software and Grams/Al (v7.0, 2001, ThermoGalactic,
Salem, NH) were used in data analysis. Before peak integration,
the raw spectra were preprocessed according to the following pro-
cedure by Seabourn (2002): (i) baseline and ATR correction
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(Griffiths and deHaseth, 1986), (ii) conversion to sec-
ond derivative (5-pt and 2-degree polynomial), (iii)
spectral smoothing (11-pt and 2-degree polynomial
Savitsky—Golay), and (iv) spectral inversion. A self-
developed C+ program was applied to integrate the
peak areas by using the zero line as baseline. The
SDBA was then regressed against optimum MT.

RESULTS AND DISCUSSION
Figure 1 shows the raw spectrum of a dough
sample (PC 12.3%, MT 3.5 min) collected by
FT-HATR infrared spectroscopy. Two bands
(1336 cm™" and 1242 cm™) located in the amide
II1 region can easily be observed. The raw spec-
trum was manipulated according to the method
described above before integrating the individ-
ual band areas. The corresponding derivatized
and inverted amide III region in Fig. 1 is shown
in Fig. 2. Compared to the work of Seabourn
(2002) and Mathewson (1985), the bands at 1336
cm™! and 1242 cm™ corresponded to a-helix
(Seabourn at 1339 cm™'; Mathewson “no find-
ing”) and (3-sheet structure (Seabourn at 1242
cm™!; Mathewson at 1245 cm™), respectively.
The B-sheet band at 1242 cm™ centered within
<1.0 cm™ of the band location for all the samples,
while the a-helix band varied from 1335.5 cm™
to 1342.2 cm™'. Seabourn (2002) reported the
same phenomenon in which this a-helix band
shifted slightly with samples of varying protein
content and optimum MT.

The ratio of the SDBA at 1336 cm’!
(a-helix) and 1242 cm™ (3 sheet) was calcu-
lated, and its relationship to optimum MT was
studied. It can be seen from Fig. 3 that the
ratio increased nonlinearly with MT. The data
best fit a polynomial regression, and the R?
between the actual MT and the spectrophot-
metrically predicted MT was 0.81. The study’s
results demonstrate that the ratio of the SDBAs
at 1336 cm™ and 1242 cm™ was highly predic-
tive of the optimum MT of the doughs.

Seabourn (2002) reported that the infra-
red absorption band associated with o-helix
decreased in area while the band associated with
3 sheet increased in area during the mixing pro-
cess, and that these bands reached a plateau that
was closely related to the optimum MT of the
dough as determined by the mixogram mid-
line. The results of this study show that 3-sheet
SDBAs for the longer mixing doughs were much
smaller at 1 min in the mixing cycle in relation
to the a-helix band than for the shorter mixing
doughs. In other words, the intimate relationship
between the SDBA ratio and mixogram midline
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Figure 1. A raw spectrum of a dough sample collected by Fourier transform
horizontal attenuated total reflectance infrared spectroscopy.
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Figure 2. The corresponding inverted and smoothed second derivative spectrum

(baseline and ATR corrected) of the amide Il region shown in Fig. 1.
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Figure 3. The relationship between dough optimum mixing time and second derivative
band area (SDBA) ratio (1336 cm~'/1242 cm™) determined by regression analysis.
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indicated flour samples with short MT tended to develop
B sheet faster than those with long MT, and did so regard-
less of protein content. The results support the explanation
given by Seabourn (2002) that flours with short MT are able
to more rapidly hydrate and utilize hydrogen bonding and
other noncovalent associations to develop the unique second-
ary structures such as 3 sheet because of their unique differ-
ences in gluten protein composition. The results observed in
this study also confirm the observations of other researchers
(Pezolet et al., 1992; Popineau et al., 1994; Wellner et al.,
2005) that the 3-sheet structure was the favorable conforma-
tion in doughs during mixing.

CONCLUSIONS

The SDBA ratio of a-helix vs. 3-sheet (1336 cm™/1242
cm™) measured at 1 min in the mixing cycle in a flour—water
dough system was highly predictive of optimum MT. This
FT-HATR technique demonstrates the ability to accurately
predict optimum MT very early in the mixing process. Pro-
tein secondary structural characteristics are important factors
in determining flour optimum MT since the protein network
in a dough system is dependent on the formation of specific
protein secondary structures such as 3-sheet conformation.
This technique could be the basis for new technology to rap-
idly and accurately screen wheat samples in early generation
breeding lines, thus saving breeders considerable time and
expense in the development of new cultivars.
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