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Abstract | Wheat quality characteristics play a vital role in processing and trade. Many techniques have been
introduced to evaluate wheat quality. Near Infrared (NIR) is one of the suitable techniques that have an
advantage of rapid response over other techniques. But investigations are needed to check its reliability on
determining important quality parameters. The study therefore has been designed to evaluate the efficiency
of NIR in comparison with standard techniques. Thirty samples of wheat (including 11 varieties and 19
composite samples) were analyzed. Samples were widely varied in test weight (72.4-79.9 kg/hL) and wet
gluten contents (15.4-31.5%) but showed narrow ranged moisture contents (10.8-13.3%). The NIR values
were significantly related to the referenced values for test weight, wet gluten content and moisture with the
correlation coefficients of 0.96, 0.83 and 0.73, respectively. Three consecutive measurements of test weight,
moisture and gluten contents by using NIR and referenced methods shown to have average repeatability of
0.2%, 0.3%, 2.4% and 0.1%, 0.7%, 1.5% respectively. The information is useful for maintaining the quality of
wheat intended for milling and ultimate products.
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1. Introduction

eat (Triticum aestivum L.) is a major crop in
Pakistan; its production is less as compare to

wheat growing leading countries like USA and China.
It is grown on 37% of total crop cultivated area of
Pakistan. Wheat is annually grown on approximately
0.90 million hectares and harvested with a yield of
2.38 million tons in Pakistan (Khan ez /., 2012).
Wheatis astaple food in Pakistan, miller and processor
has major concern about defined properties i.e. test
weight, moisture, gluten content and rheological
characteristics. Millers and processors have to run

series of analytical tests to check quality parameters,
they meet economical and time interrelated cost

(Miralbes, 2004).

Various methods and techniques have been developed
to evaluate wheat quality. The conventional methods
are physicochemical and sensory evaluation (Huang
et al., 2008). For instance, the chemical analysis has
certain limitations like influence of other substances,
high cost, time consuming and required expertise
for the analysis. To counter limitations of traditional
methods new economical techniques have been
introduced. Optical spectra and imaging have been
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used for short time analysis without destruction and
even touching of samples. Spectra base instruments
offer low cost analysis and better option for
conservative methods (Aulander ez a/., 2013).

Infrared spectroscopy is the influential and expedient
analytical technique that can be utilized for evaluating
the wheat quality attributes (Williams ez a/., 2001).
First application of near-infrared (NIR) spectroscopy
in crop sciences was the estimation of moisture
content in grains. Analysis of other parameters (i.e.
protein and fat) had also been explored in crops and
agro base products (Singh ez a/., 2010). Flour milling
industry is one using this technique for measuring
protein, moisture content and test weight. It enables
the miller and processor to access and maintain the
quality by optical sensors useful in flour segregation on
the basis of their qualities (Dowell ¢z al., 2006). NIRs
were also used to detect color, damage, mycotoxin and
fumonisin (Dowell ez a/., 2002). For wheat grading
and estimation of flour yield test weight is a major

tool (Dowell ez al., 2006).

Although it’s utility in quality assurance of wheat
has been highlighted commercially, but the scientific
literature is still taking the studies conducted on
performance evaluation of NIR- spectroscopy in
wheat quality analysis. This study has therefore
been designed to evaluate the performance of NIR
spectroscopy in comparison to the standard techniques
on wheat quality analysis.

2. Materials and Methods

2.1 Materials / sample description

Thirty samples of wheat (including 11 varieties and
19 composite samples) were selected for this study.
All the samples were sound (non-infested) and had
good keeping quality; these samples were analyzed
for test weight, moisture percentage and wet gluten
content.

2.2 Instrumentation

Near-infrared (NIR) spectrometry (OmagaAnalyzer
G, Typ: Grain,Nr.:22G1507B16) isa high performing,
transmittance base instrument designed to analyze
sample by absorbing near infrared of sample spectra.

Sample preparation for NIR-spectroscopy: Samples
were cleaned from foreign materials including stones,
straws, weed seeds and grains. About 1Kg wheat

grains of each sample were poured in the sample
receiving chamber for the analysis.

Principle of operation: Light from tungsten lamp
fall on monochromator, where diffraction of light is
took place by optical grating. Diverse wavelengths
were recorded at exit end of slits. These NIR radiation
fall on sample matrix in sample holding shaft and
detected by a detector attached to one side of shaft.
Photometric signals are generated after detection of
radiations; result is computed on the basis of sample
and reference value.

2.3 Referenced methods

AACC (2000) standard methods were followed to
analyze test weight, moisture and gluten content.
Test weight was determined in Seedburo Filling
Hopper (model 151) in accordance with standard
method. Briefly after filling the hopper with already
prepared sample excessive grains were scraped away
by a stick and result was recorded in Kg/hL. Moisture
content was determined by using air oven according
to standard method. Results were calculated by
difference in weight of 10g of sample before and after
drying in hot air oven at 130°C for 1hour.

Gluten content was determined by using Glutomatic

2200 following AACC Method No. 38-12.

2.4 Statistical analysis

All samples were analyzed in triplicate and results
were expressed in mean value and standard deviation.
Correlation coefficient was obtained between NIR
values and referenced values by using SPSS software

(IBM SPSS Statistics 21).
3. Results and Discussion

Wheat samples used in this study varied significantly
in their quality parameters. Results shows that the test
weight, moisture, and wet gluten ranging from 72.2-
80.4 kg/hL; 10.4-13.3%; and 15.5 to 28.5% with the
mean values of 76.4 + 2.5 kg/hL; 11.6 + 0.8 %; and
21.7+ 3.2% respectively (Figure 1). All the wheat
samples were sound. The performance of NIR in
comparison with reference methods for determining
the wheat quality has been evaluated and results are
discussed below:

3.1 Test weight of wheat
Test weight gives the idea about soundness of wheat
grains and higher flour yield is obtained from sound
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grains. Results showed that the NIR values of test
weight were strongly related (r = 0.96) to that of
referenced values (Figure 2). This confirmed that
the NIR can be utilized for determining test weight
of wheat grains. It had also been observed that the
NIR values of test weight of all the samples were
marginally higher than the referenced values with
the average differences ranging between 1.5 and 1.8%
(Table 1). Such consistent difference can further be
minimized with an exercise of calibration. As different
devices were used for the analyses of test weights,
the differences were recorded though correlations
exist among the results obtained from those devices

(Manley ez al., 2009).

Figure 1: Test weight, moisture and gluten values
obtained through near-infrared (NIR) spectrome-
try and referenced techniques.

In a study more than 100 wheat samples were selected
to predict different quality parameters i.e. protein,
wet gluten, moisture, test weight, color, particle
size, vitreous of grains by using NIR. Correlation
of different quality parameters was evaluated and
this technique recommended for analysis (Dowell
et al., 2006). Two wheat varieties (Eta and Banti)
were selected to investigate quality parameters
including physical and technical characteristics. In

physical properties test weight was one of parameter
in addition to virtuousness, thousand grains mass,
grain density, thickness, width and length which
were correlated with technical attributes including
protein, gluten and sedimentation values. Grains of
selected varieties were different in most of physical
and technical parameters (Warechowska ez a/., 2013).

Figure 2: Relationships between near-infrared
(NIR) spectrometry values and referenced tech-
nique values.

In this study two techniques were compared for
same physical parameter (test weight) to check
the performance of NIR- spectrometry. All above
investigations have been reflected reliable results of
test weight by NIR- spectrometry technique.

3.2 Moisture content of wheat

Moisture is one of the most critical factors, needed
during processing, storage and trade. In this study,
wheat samples were analyzed for moisture through
air oven method and also through NIR technique.
Results showed that NIR values were highly related
(r = 0.73) with the air oven values (Figure 2).
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Table 1: Frequency distribution of data to compare NIR values with the referenced values.

Parameters Freq. on the basis of Actual
standard values values NIR >Std.
Test 70.0 -74.0 72.4-749 06
weight 741780 75.0-77.5 14
78.1-82.0 77.6-79.9 10
Moisture  10.0-11.0 10.8-11.5 09
11.1-12.1 11.6-12.5 13
12.2-133 12.6-13.3 0
Gluten 15.0-20.0 15.4-20.8 04
20.1-25.0 20.9-26.2 03
25.1-30.0 263-315 0

No. of samples (n)

Avg. differences of NIR and standard

NIR< Std. techniques (%)
0 1.6

0 1.8

0 1.5

0 0.8

02 0.4

06 -0.6

08 -0.6

11 -1.8

04 -2.3

In this study, we did not found any consistent
differences in NIR and air oven values (Table 1).
However, NIR gave better results within a range of
11.6 — 12.5% as the average difterence of 0.4% was
observed (Table 1). Maximum difference between
NIR and air oven values was 1.3% (Figure 3).

Figure 3: Differences between the values of near-in-
frared (NIR) spectrometry and referenced tech-
niques.

NIR technique have been compared with standard
technique for analysis of moisture content in wheat
samples, higher value of moisture (11.07 + 0.03%)
was recorded through NIR than standard technique

values (9.50 = 0.10%) (Chukwu ez al., 2014). Seven
different air oven drying methods have been used to
determine moisture contents in pearl millet. Drying
temperature was adjusted at130°C for 1, 2, 16, 20 h
and 105°C for 5, 48, 72 h; analysis showed suitability
of each methods for removal of moisture content (at
35% wet basis) in given sample (Obi ez a/., 2016).
Acoustic technique has been applied for estimation
of moisture content in grains and seeds, impact of
grain sound when fall on surface and surface sound
in relation to moisture content was detected by
microphone in form of sound waves and generated
electronic signal. Linear equation was applied to find
relationship between acoustic characteristics and
moisture percentage. Same samples were analyzed by
standard technique, both techniques were significantly

(R2> 0.95) correlated with each other (Lotfi and
Darvishi, 2015).

3.3 Gluten content in wheat

Gluten content is considered to be the most influential
factor in wheat processing. A strong correlation (r =
0.83) was found between the NIR and glutomatic
values (Figure 2). A comparable result of NIR has
suggested that it can be utilized for analyses of gluten
content in wheat. An irregular trend was observed.
Glutomatic values of 23 samples (77% of total
samples) were higher as compared to the NIR values
(Table 1). In this study, it has been observed that
the NIR gave better results for the wheat samples
showing the gluten contents ranging between 15.4-
20.8% (Table 1). Differences in NIR and Glutomatic
values are shown in Figure 3. Minimum and maximum
differences were -3.7 and 3.6 respectively between the
values of NIR and Glutomatic.

In previous study, 40 wheat samples were analyzed
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for various quality parameters (including wet gluten
contents) aiming to compare standard and NIR
techniques. They recorded higher values of gluten
contents from standard technique (i.e. Glutomatic)
in all the wheat samples (Hruskova ez a/., 2000). Wet
gluten content has been analyzed by two methods;
manual washing and Gluten Index Method.
Romanian wheat cultivars were analyzed for wet
gluten quantity and quality. Results indicated no
significant differences between these two methods
of analysis (Vasilean ez a/., 2010). Gluten content,
protein percentage and rheological properties of
gluten have been studied by using wheat gluten quality
analyzer (WGQA), extensigraph and farinograph.
Fifty-nine wheat samples were collected for analysis
through these instruments; all instruments were
used efliciently to evaluate behavior of wheat flours.
Significant variation has been recorded in results of
medium hard wheat. Wheat gluten quality analyzer
was preferred on the basis of small amount of sample,
time saving and easy to run as compare to other
instruments (Ferrari ez al., 2014).

Table 2: Advantages and disadvantages of near-
infrared (NIR) spectrometry and referenced

techniques.
Advantages Disadvantages
Near-infra- Non- destructive, Matrix specific, calibration
red (NIR)  rapid, low costand  need.
spectrom-  time saving, no sam-
etry ple preparation need,
rapid and easy to use.
Referenced No matrix specific, ~ Sample preparation, cali-
techniques less need of calibra-  bration need, expertise are
tion as compare to require to run test, cost of
NIR. test is high, time consum-
ing and waste produce by
destroying sample.
Conclusion

Performance of NIR and standard techniques
for the wheat analyses is shown in Table 2. High
correlations of NIR values with the standard values
have suggested that the NIR can be utilize for the
analyses of wheat quality. Most of the results varied
marginally from the standard values. Keeping
in view the rapidity and easy handling of NIR,
it may further be explored for different quality
parameters including w value, falling number and

water absorption of wheat. This will support the
monitoring of wheat quality and also useful in
decision making during the trade of wheat.
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