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Abstract: Hardness, of wheat grains, is one of the most important quality characteristics used in wheat classification and
determination of its marketing value. So, the key objective of this investigation applies a non-destructive method like infrared
technique as an alternative method of destructive methods to assess hardness of wheat grains. The hardness characteristic was
measured by two destructive methods Single-Kernel Characterization System (SKCS) and Instron Universal Testing Machine
(IUTM), as reference values. Infrared technique was used to develop NIR calibration and validation model using the partial
least squares (PLS) regression to assess wheat grain hardness. The best calibration and validation model for assess hardness of
wheat grains were observed throughout the reference method Instron Universal Testing Machine (IUTM) within the
wavelength range 950 to 1650 nm with 6 principal components (PCs) and pretreatment by Savitzky-Golay second derivative
(S.G. 2™). Where, the optimum PLS was recorded at the lowest standard error of prediction (SEP) 3.92 N with the maximum
value of coefficient of prediction (R = 0.91) and sufficient value of the relative prediction deviation (RPD =~ 3.35). The
accuracy of the prediction model was sufficient to use NIRS technique as a nondestructive method to estimate hardness of
wheat grains for different varieties of the wheat.
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characteristic of wheat grain has become receiving great
interest due to several factors like, milling and dough
characteristics, water absorption and flour particle size as
pointed both [8-11]. Endosperm structure (grain hardness) is
one of the most important criteria for wheat classification due
to be the primary determinant of quality for milling and end-
use of wheat according to [5, 12-14]. Where, wheat was
classified by [15] according to hardness to three general
texture categories soft and hard hexaploid wheat (T.aesti-
vum), and durum (T.turgidum ssp. durum). While, [16-17]
classified wheat into five classes soft, medium soft, hard,
medium hard and extra hard on the basis of kernel hardness.
These wheat categories are directly related to the Hardness
locus which contains the puroindoline genes as mentioned
[18]. Where, the case of soft kernel texture found at presence
both puroindoline genes in effective case. While, in presence

1. Introduction

Wheat crop has a valorize value among all the cereal crops
as a staple food for the peoples of the world and used in
numerous of the food products industry. Quality of
agricultural crops has become one of the most important
market requirements based on consumer demand. Wheat
quality was generally classified into two group's physical and
chemical characteristics. Primary physical characteristics are
vitreousness, kernel weight, PSI, moisture content, color, and
hardness while the content of protein, gluten, starch, ash and
SDS-sedimentation value represent the essential chemical
characteristics as mentioned [1-7]. Generally, Cereal
hardness is gaining major importance in cereal quality
determination, especially in wheat grain. Hardness
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of single gene of puroindoline genes and the other absence
this leads to hard texture. In the case of durum wheat, both
puro-indolines are absent. Wheat grain hardness has been
defined by numerous researchers as the case of being hard,
difficult to penetrate or separate into fragments [15]. While,
[3] added that the term of hardness is not a clearly defined
but could generally be formulated as a resistance to plastic
strain and cracking at a force concentrated on the surface of a
given body. In another meaning hardness is the resistance of
the individual grain to deformation under applied forces as
described by [19-20]. Also, [21] defined hardness grain as the
ratio of the rupture force to the deformation at the rupture
point of the grain. Additionally, Wheat grain hardness
dependent on genotypes and influenced by many factors as
environment especially nitrogen (N) availability of the soil
[22-23] and other factors like moisture, lipids, pentosans and
protein content as shown by [20]. Many investigations
concluded that protein content of wheat grain related to the
proper amount of N fertilizer application as mentioned [24].
Likewise [25] shown that greatest influence of nitrogen
fertilizer on wheat grain quality is achieved through its effect
on grain protein concentration resulting in an increase of
gliadins and glutenins. For this reason, [3] reached to that the
high percentage of protein content in wheat grain lead to hard
wheat grain have strength gluten. Conversely, in case, protein
content ratio was low tends to be the wheat grain is soft, have
weak gluten. A lot of investigations employed numerous
techniques to estimate wheat grain hardness where was the
first experiment to assess a numerical value to the hardness
of Australian wheat by [26]. Most of them depend on
measuring the size and particles distribution after grinding or
milling operation like wheat hardness index (WHI) [27],
particle size index (PSI) [28], or pearling resistance index
(PRI) [29]. Recently, compressive-strength of grain has been
measured as a fundamental characteristic for hardness.
Agreed both [3-4, 13] that the broadest methods to determine
and measure grain hardness are the particle size index (PSI)
and near infrared reflectance (NIR) spectroscopy according
to [30-31] Which were approved by the American
Association of Cereal Chemists [32] under these following
methods 55-30 and 39-70A respectively. While concerning to
the last prevalent method single kernel characterization
system (SKCS) model 4100 (Perten Instruments, Springfield,
IL) [33] which measures the required force to crush
individual grains between two surfaces, taking into account
the weight, diameter and moisture content of each individual
grain. Also, this method was approved by [32]. All these
physical methods of hardness estimation depend primarily on
the crush cereal and therefore classified as destructive
methods. These destructive methods for hardness estimation
are tedious, time-consuming and are rarely used in wheat
breeding. Near-infrared spectroscopy (NIR) is adequately
method for rapidly measuring the constituents of various
agricultural products with acceptable accuracy. In addition to,
is particularly useful when analyzing a large number of
samples. Various NIR techniques have been studied to
quantify wheat hardness. These NIR techniques included

near infrared reflectance spectroscopy (NIRs) for ground
wheat grain by [30-31, 34-37]. Although this technique does
not require chemical substances, it only requires grinding
process before analysis and this causes great suffering and
leads to a significant source of error. Also, NIR transmittance
spectrum ranged 740 to 1140 nm were combined on single
wheat kernels in order to establish the feasibility of
measuring wheat hardness by spectroscopy [38]. While,
Near-infrared (NIR) spectroscopy technique for whole wheat
hardness measurement was used by a few researchers in this
field. Where, [39] reached to that the hardness of whole
wheat grain measured by NIR reflectance is not with the
same degree of accuracy as in the case of ground grain. In
contrast, [40] confirmed that using visible and near-infrared
reflectance spectroscopy (550-1690 nm) was quantitatively
predicted hardness values of soft and hard wheat (R*= 0.88).
While the value of RPD = 2.5 indicated that the model is
useful for screening purposes. Hence, the VIS-NIR
reflectance spectroscopy has the potential as a rapid and
nondestructive measurement of bulk wheat grain hardness.
Therefore, the overall objective of this investigation is to
apply and discuss infrared technique as a non destructive
method to assess whole wheat grain hardness.

2. Materials and Methods
2.1. Samples

The wheat samples used were kindly provided by Crop
Production Institute, Szent Istvan University, Hungary. Where,
the Samples were taken from field experiment including three
winter wheat (Triticum aestivum L.) varieties, Mv Magdalena
(OM), Mv Suba (0S), and Mv Toldi (To), it was carried out
in 2014, under six different levels of nitrogen fertilization as
follows 0 (M@, OSSO, BTo®), 80, 80-40, 120, 120-40 and
160 kg N.ha™'. Where, the fertilization treatments 80-40 and
120-40 were implemented by adding 80, 120 to the soil at
tillering and 40 kg N.ha™' at heading stage.

2.2. Physical Characteristics

The physical characteristics of the wheat samples were
determined as follow, moisture content was determined at a
temperature 105+ 5°C according to the procedure of standard
method (44-15 A.) [32]. Also, geometric mean diameter
(GMD) was calculated through measuring the seeds
dimensions length (L), width (W) and thickness (T) using
digital vernier caliper with accuracy of 0.01 mm according to
[41]. Also, the mass of wheat kernel was determined by using
an electronic digital balance having a sensitivity of 0.001 g.
For each treatment, 30 wheat grains were randomly selected to
measure the GMD and mass. The obtained data of the samples
were statistically analyzed to assess the range, average value,
standard deviation (SD), and coefficient of variation (CV).

2.3. Reference Hardness Methods

2.3.1. Single-Kernel Characterization System (SKCS)
Wheat grain hardness was determined following approved
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method 55-31 [32] by using the instrument Perten Single
Kernel Characterization System (SKCS, model 4100)
developed by [42]. Where, the SKCS isolates individual
wheat grain and determines the mass, diameter and moisture
content for every single kernel. Then, The SKCS crushes
single kernels between a narrowing crescent-shaped gap and
toothed rotor in order to obtain the crushing force and
electrical conductivity between the rotor and crescent. Data
output for 300 samples single wheat grains were processed
by the integrated computer software to provide the means
and standard deviations of grain hardness index, weight,
diameter, and moisture content as described by [7].

2.3.2. Instron Universal Testing Machine (IUTM)

Dual Column Tabletop Testing Systems (Model 5965),
static testing systems that perform compression testing was
used to determined wheat grain hardness. The instrument
measures the compression force on the wheat kernel, where
due to the way that the pressure head has taken. Where, the
capacity of the instrument (model 5965) 5 kN, with a
maximum speed of 3000 mm/min and an even greater return
speed of 3200 mm/min. The machine records data during the
measurement and draws the load-extension curve between
compressive extension (mm) on the X-axis and compression
force (N) on the Y-axis. For each treatment, 30 wheat grains
were randomly selected to determine the force-deformation.

2.4. Nondestructive Near Infrared (NIR) Technique

Wheat grain hardness determination within near-infrared
wavelength range was performed by using NIR instrument,
Perten DA7200 NIR analyzer (Perten Instruments, Huddinge,
Sweden) equipped with a diode array detector (950-1650 nm
wavelength range) with 2 nm resolution. A sufficient quantity
of wheat grain was taken to fill the sample cup. The spectrum
of each sample was the average of four successive scans. Then,
the spectral data were exported for chemometric analysis to the
Unscrambler software (version 10.2 CAMO ASA, Oslo,
Norway). The all spectra of 180 samples (80% and 20% for
calibration and validation set randomly separated) were
preprocessed by Savitzky—Golay smoothing (SG). Partial least
squares (PLS) regression was used to developed wheat grain
hardness calibration model through the data of reference
methods and the NIR spectral data. The usual calibration
model and prediction statistics were recorded as following
coefficient of determination (R?), standard error of cross
validation (SECV), standard error of prediction (SEP) and the
relative prediction deviation (RPD) ratio of the standard
deviation to standard error of prediction is a measurement of
the ability of an NIRS model to predict performance efficiency
[43-44].

3. Results and Discussion

3.1. Destructive Methods for Estimating Wheat Grain
Hardness

A summary of physical characteristics of each wheat
varieties treatment under study was presented in Table 1.
Briefly illustrated from the physical characteristics listed in
table I that that the maximum average values of wheat grain
mass found at variety Mv Magdalena (M) (80+40 kg.ha™)
was (46.69+1.43). While the minimum average value of seed
mass was 37.56+£6.22 at Mv Subha (@S) with zero N
fertilization in addition to that the minimum average value of
moisture content 9.49 + 0.60 was recorded at the same
variety and the same N treatment. Also, there were a clear
differences in geometric mean diameter (GMD) for grain of
wheat varieties at the levels of nitrogen fertilization under
study, where the lowest mean value of (GMD) (3.82+0.15)
was observed at variety Mv Magdalena (M 120 kgha™),
likewise the highest mean value of (GMD) was (4.06 + 0.14)
at the same variety with different nitrogen fertilization
treatment (@M 80 kg.ha'). Having considered physical
characteristics of different wheat grain, it is also responsible
to assess hardness characteristic of wheat grain. Where, the
single-kernel characterization system (SKCS) showed that
the hardest variety was Mv Suba (@S) at fertilization
treatment 120 kg.ha” where mean value of hardness index
(HI) was (65.58) as shown in Figure (1). Likewise the highest
values of (HI) appeared in the other two varieties Mv
Magdalena (OM) and Mv Toldi (9YTo) at the same
fertilization treatment (80+40 kg.ha™) were 64.10 and 61.49
respectively. While the minimum value of (HI) was 55.8 was
noted at Mv Toldi (¥To) with zero fertilization treatment
(DToW). These results largely confirmed by the curves of
compression force and compressive strength of the instron
machine instrument as shown in Figure (2). As a
consequence, the maximum mean compression force was
132.99 (N) noted at Mv Suba (@S) treatment with 120 kg.ha™
with a slight increase than the fertilization treatment (80+40).
As well the maximum values of compression force curves for
Mv Magdalena (OM) and Mv Toldi (@To) were 126.95 and
112.13 N respectively at treatment (80+40 kgha'). These
differences in grain hardness are due to nitrogen fertilization
as well as the genotypes where the proper nitrogen
fertilization treatment was 120 kg.ha'l., whether, it will be
added in one or two stages where lead to high concentration
of protein content which in turn increases the grain hardness
as interpreted by [4, 22, 24-25].

Table 1. Shows some physical characteristics of wheat varieties samples.

Sevimyites N.F. L. Seed Mass (mg) Geometric Mean Diameter (GMD) (mm) Moisture Content (%)
(kg.ha™) Range Avg. SD Cv Range Avg. SD Cv Range Avg. SD CvV
My 0 44.8-47.4 46.20 0.85 0.02 3.255-4.241 3.92 0.31 0.08 10.2-11.3 1091 0.32 0.03
i 80 43.2-47.8 46.13 1.39 0.03 3.822-4.336 4.06 0.14 0.03 10.5-11.5  11.07 0.28 0.03
(©M) 80-40 44-48.4 46.69 1.43 0.03 3.832-4.094 3.97 0.09 0.02 10.9-11.2 11.03 0.12 0.01
120 42.2-48.2 4529 1.90 0.04 3.528-3.977 3.82 0.15 0.04 10.6-11.1 1091 0.18 0.02
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St N.FE. L. Seed Mass (mg) Geometric Mean Diameter (GMD) (mm) Moisture Content (%)
(kg.-ha')  Range Avg. SD CVv Range Avg. SD CVv Range Avg. SD Cv
120-40 42.8-46.8 4493 139  0.03 3.688-4.215 391 0.16  0.04 10.5-11.2 1098 022  0.02
160 43.2-47.6 4533 122 0.03 3.338-4.184 3.95 0.23 0.06 10.7-11.3 1097 0.19  0.02
0 21.4-42.8 37.56 622 0.17 3.539-4.192 3.95 0.17  0.04 8.2-10.3 949  0.60 0.06
80 37.8-41 39.02 1.10  0.03 3.643-4.233 387 0.19 0.05 8.5-10.2 949  0.63 0.07
Myv Suba 80-40 37.4-39.4 38.60 0.77  0.02 3.730-4.271 3.95 0.18 0.04 8.3-10.4 954  0.71 0.07
(9S) 120 37.4-39.4 38.60 0.77  0.02 3.956-4.246 4.03 0.10  0.02 9.2-10.7 9.91 0.50  0.05
120-40 37.4-40 3840 0.88  0.02 3.588-4.270 396 021 0.05 9-10.5 9.83 0.54  0.05
160 36-40.6 37.87 136 0.04  3.808-4.148 3.98 0.11 0.03 9.2-10.7 987 049  0.05
0 40.2-44.6 4276 131 0.03 3.469-4.277 3.88 026  0.07 10.8-11 10.87 0.07  0.01
80 38.8-42.8 41.00 132  0.03 3.765-4.171 4.02 0.13 0.03 10.8-11.3  11.03 0.14  0.01
Myv Toldi 80-40 41-43 42.09 058 0.01 3.511-4.131 397 0.17 0.04 10.7-11.1 1097 0.14  0.01
(9To) 120 37.2-42.2 40.11 179  0.04  3.743-4.243 3.98 0.18 0.05 10.8-11.2 1099 0.12  0.01
120-40 37.2-42.6 4049 184  0.05 3.726-4.189 394  0.15 0.04 10.7-11.1 1093 0.13 0.01
160 38.4-42.4 40.84 126  0.03 3.664-4.278 4.02 0.19 0.05 10.8-11.2 11.01 0.12  0.01

N. F. L.: Nitrogen Fertilization Levels, Avg.: Average, SD: Standard Deviation, CV: Coefficient of Variation.

66

HardnessIndex(HI)

54 4 T

| ]&m

o) ) O
o $ $ Q »
& K Q & ES

o S o o o o o o
& S © o RV N S S Foy >R
S > ¢ ¢ & © Y <o
& % 5 & Q“\o & & ¢ ® & 9 6\0"’
Mv Magdalena (M) variety Mv Suba (@S) variety Mv Suba (@S) variety

Figure 1. lllustrated the results of the SKCS instrument for the hardness index of wheat varieties under different fertilization doses.
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Figure 2. Shows compression force Vs. compressive strength curves of wheat grain varieties under different fertilization doses.

It is noted from the hardness grain results that the treatment
of fertilization with the highest concentration (160 kg.ha™") did
not positively affect the hardness of grain. Consequently, this
dose of nitrogen fertilization is considered to be excessive
which negatively affects the quality of grain hardness. In
addition to, that it leads to increase potential adverse
environmental effects such as excessive nitrate leaching and
increase of greenhouse gases emissions associated with
nitrogen fertilization as mentioned by [45-47].

3.2. Nondestructive Near Infrared Technique

Obviously, Figure 3. represents the 180 average of all
wheat samples studied in spectral range 950-1650 nm.,
without any treatment. Undoubtedly notes from the initial
analysis of NIR curves illustrated in Figure 3, that there are
three consecutive peaks. The lowest NIR peak was at 995
nm., and the second peak was at 1205 nm., while the highest
peak was at 1470 nm. These peaks revealing the



104 Ayman Ibrahim et al.: Applying Infrared Technique as a Nondestructive Method To Assess Wheat Grain Hardness

characteristics of the wheat samples tested which associated
mainly to moisture content, proteins, lipids and
carbohydrates as mentioned by [48-51]. It could be seen from
the shapes of NIR curves that there are variations between all
wheat treatments. This confirms that different levels of
nitrogen fertilization have different absorbance light in the
range of NIR 950-1650 nm., band and hence led to
differences in concentration of chemical components
between the samples of wheat varieties which associated with
the hardness characteristic this analysis is compatible with
both [4, 22, 43, 48]. From this concept, it could be
highlighted the spectral peaks in the range of NIR, where
were monitored at wavelengths 995 nm., second overtone N—
H and O-H stretching, 1205 nm., second overtone C—H
stretching and 1470 nm., first overtone N-H and O-H
stretching which related to moisture and protein content as
mentioned [47, 48, 52].

NIR technique has the potential and ability to develop a
calibration model for the quantification of grain hardness. It
was used all wheat samples for the construction of the model
and its validation. Where the spectrum range (950-1650 nm)
used in the experiment was divided into four domains in
addition to the total range as follow, 950-1150, 1150-1350,
1350-1650, 1150-1650 and the total range from 950 to 1650
nm. In order to reach the best prediction and validation
models to assess the wheat grain hardness characteristic at
the best spectral peak located in the best spectral range. The
calibration model was applied to all wheat samples under
different fertilization levels in two ways the first without any
treatment and the second with pretreatment method Savitzky-
Golay (SG) second derivative with an optimal number of
principal components (PCs =6) was determined by the lowest
mean square error of cross-validation. The results of wheat

hardness calibration and validation model were presented in
Table 2. According to Table 2, there are differences between
the values of square error of cross-validation (SECV) and
coefficient of determination for validation (R*Y) of the
calibration and cross-validation model for assess hardness of
wheat grains treated by different nitrogen fertilization levels,
where it was found that the lowest SECV and the largest R*"
to predict the (HI) were 1.30 and 0.88 within wavelength
range 950-1650 nm. While the minimum value of SECV and
the maximum value of R*" to predict the hardness of wheat
grains based on the compression force (N) were 3.91 and
0.91 located within the same wavelength range from 950 to
1650 nm.
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Figure 3. lllustrated NIR wavelength curves for all wheat varieties samples.

Table 2. Partial least squares algorithm analysis (PLS) of hardness characteristic for wheat grain by NIR technique.

Calibration Model Validation Model

Hardness Method W. R (nm) P. M. (6PCs) SEC RC SECY R
Without 2.29 0.62 2.46 0.56

930:1150 S.G. 2™ 1.89 0.74 2.22 0.64

Without 2.69 0.47 2.82 0.42

1150:1350 S.G.2™ 2.17 0.66 248 0.56

Hardness Index (HI) by 1350:1650 Without 2.92 0.38 3.06 0.32
SKCS ’ S.G. 2™ 1.07 0.92 1.35 0.87
Without 2.74 0.45 2.88 0.40

1130:1650 S.G. 2™ 1.10 0.91 1.34 0.87

Without 2.68 0.48 2.80 043

Gl S.G. 2™ 1.08 0.92 1.30 0.88

Without 6.68 0.74 7.13 0.71

930:1150 S.G.2™ 6.20 0.78 7.40 0.69

Without 7.65 0.66 8.22 0.61

1130:1350 S.G. 2™ 5.56 0.82 6.33 0.77

Compression Force [N] by 1350:1650 Without 8.76 0.56 9.17 0.52
IUTM ’ S.G.2™ 3.76 0.92 4.80 0.87
Without 7.22 0.70 7.54 0.67

1130:1650 S.G. 2™ 3.26 0.94 4.12 0.90

Without 7.09 0.71 7.33 0.69

930-1650 S.G. 2™ 3.04 0.95 3.91 0.91

SKCS: Single-Kernel Characterization System, [UTM: Instron Universal Testing Machine, W.R.: Wavelength range, P.M.: Pretreatment method, PCs:
principal components, S.G. 2" Savitzky-Golay second derivative, SEC: square error of calibration, R*": coefficient of determination for calibration, SECV:

square error of cross validation, R?": coefficient of determination for validation.
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The results recorded in Table 2 show that the best
prediction of the hardness of the grains under study at the
three spectral peaks shown in Figure 3 was the spectral peak
of 1470 nm., first overtone N-H and O-H stretching which
concerned to chemical bonds related protein bonds and
moisture content together where the value of R*Y were 0.87
for calibration model of hardness index (HI) and compression
force (N). Over these results, the calibration model was

examined through an external validation treatment in order to
verify the accuracy of this model to prediction the value of
hardness of wheat grains. The data obtained showed good
accuracy for (HI) and compression force within spectral
region from 950 to 1650 nm., as shown in Table 3 and the
graph of predicted hardness values against measured was
illustrated in Figure 4.

Table 3. Showed external validation data of wheat grains hardness at the best range of NIR wavelength.

Hardness Method ‘W.R. (nm) P.M. (6PCs)

External Validation

Mean SD SEP R RPD
SKCS (HI) 950-1650 S.G.2™ 62.12 3.70 131 0.88 2.83
IUTM (CF[N]) 950-1650 S.G. 2™ 114.61 13.14 3.92 0.91 3.35

SKCS (HI): Single-Kernel Characterization System (Hardness Index), IUTM: Instron Universal Testing Machine (Compression Force [N]), W.R.: Wavelength
range, P.M.: Pretreatment method, PCs: principal components, S.G. 2™: Savitzky-Golay second derivative, SD: standard deviation of the data in the validation
set, SEP: standard error of prediction, R*": coefficient of prediction, RPD: ratio of the standard deviation to standard error of prediction.
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Figure 4. lllustrated the predicted hardness values against measured of the
NIR model for hardness index (HI) by SKCS and compression force [N] by
IUTM.

In general, the PLS results showed that there clear
differences in calibration and validation statistics for Single-
Kernel Characterization System (Hardness Index) and Instron
Universal Testing Machine (Compression Force [N]) in order
to wheat grains hardness prediction. Where, the higher
correlation between the best NIR Wavelength 950-1650 nm.,
and universal testing machine for determination compression
force [N] as indicator to wheat grain hardness was achieved
at the lowest value of standard error of prediction (SEP) 3.92
N, and the maximum values of coefficient of prediction (R*")
and the relative prediction deviation (RPD) ratio of the
standard deviation to standard error of prediction were 0.91
and 3.35 respectively.

While the obtained results of coefficient of prediction R*
0.88 for SKCS (HI) were in consistent with near-infrared
prediction models of hardness values of soft and hard wheat
by [40]. The calibration model for compression force [N] was
more efficient than those obtained from Single-Kernel
Characterization System (Hardness Index) as indicated by
RPD more than 3. This can be believed to be attributed to the
accuracy of the device and the large variability attained in the
validation samples as shown by high SD. This level of
accuracy is sufficient to use NIRS as a tool for screening of
wheat grains hardness in a diverse of wheat varieties treated
by different levels of nitrogen fertilization in the obtained
range according to [44, 53]. These results prove the ability of
NIR technique to assess wheat grain hardness accurately
without the need for destructive methods to measure.

4. Conclusions

Briefly, using infrared technique as a nondestructive
method to assess wheat grain hardness could be
accomplished by NIRS with a low standard error of
prediction (SEP) 3.92 N, high coefficient of prediction (R*" =
0.91) and sufficient value of the relative prediction deviation
(RPD = 3.35) according to the reference method based on
Instron  Universal Testing Machine.  Single-Kernel
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Characterization System (HI) model didn't provide an
accurate model for predicting single kernel hardness of wheat
varieties compared to the predictive model of grain hardness
based on the compression force [N] measurement by using
Instron Universal Testing Machine instrument. The three
spectral peaks 995, 1205 and 1470 nm., located in the
spectral range from 950 to 1650 nm., that contributed to the
potency of the calibration and prediction model to assess the
hardness of wheat grains were related to the chemical bonds
of protein compounds and moisture content, where it is
known that both basically determine the value of wheat grain
hardness. Further studies should be carried out infrared
technique as a non-destructive and cost-effective for
developing NIRS calibration and prediction models in order
to assess hardness of wheat grains using many other wheat
varieties.
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