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Introduction

Near infrared (NIR) spectroscopy application has 
gained importance in recent years. It is currently 

used in many sectors such as pharmaceutical and 

cosmetics, textile and agriculture with a rapid growth 
and success (Tripathi and Mishra, 2009). It is known as 
non-invasive, non-destructive and a simple technique 
and does not require any sample preparation for 
the ground and unground samples. Therefore, the 
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continuous growth since its introduction and has 
taken some proven place among all spectroscopic 
analysis mainly for evaluating the quality of agro food 
products (Ozaki et al., 2006; Tripathi and Mishra, 
2009). 

Various analytical techniques including HPLC (Zuo 
et al., 2002), gas chromatography (GC) (Togari et 
al., 1995) and plasma atomic emission spectroscopy 
(Herrador and Gonzalez, 2001), capillary 
electrophoresis (Horie et al., 1997) and calorimetric 
methods (Najjar, 2020) are useful for the analyses of 
agricultural stuff and their products. Such techniques 
involve high cost, consumes more time and require 
expertise for their operation. Whilst, optical spectra 
base instruments are time and cost effective without 
destruction of sample (Alander et al., 2013). In NIR, 
a single beam of photon allows to determine different 
analytes simultaneously with no time and with great 
robustness. The electromagnetic radiation interacted 
with a chemical substance (Ozaki et al., 2006). When 
the energy is transfer through the physical substances 
including solid surfaces, liquid or gaseous state, 
absorption of different frequencies of the radiation 
was occurred and converts into molecular vibrations 
NIR spectra are obtained due to combination of 
overlapping absorption bands and fundamental 
molecular vibration associated basically with C-H, 
N-H, S-H and O-H functional groups present in the 
molecules (Najjar, 2020). 

NIR weak bands arise from the original ground state 
to higher excited states and occur at multiples of the 
fundamental transition vibration frequency (Aenugu 
et al., 2011). According to the reference (Roggo et al., 
2007), NIR spectroscopy diffuse the reflection of light 
in the region of 800–2500 nm to the mid infrared 
region from 12821-4000cm-1.

Some studies have been conducted to explore the 
utility of NIR on grains. NIR-spectroscopy is the 
leading and opportune technique that is used for 
analysis of wheat quality characteristics (Williams 
and Norris, 1987). Initially NIR-spectroscopy had 
been used for determining moisture content in wheat 
grains. Other constituents like protein and fats were 
also analyzed in food and feed (Singh et al., 2010). 
Spectra based technique offer estimation of wheat 
quality by specific optical sensor for color damage 
and mycotoxin (Dowell et al., 2002, 2006). Hardness 
of winter wheat was also evaluated by using NIR-

spectroscopy with lowest coefficient of variance as 
compare to hardness index and particle size index 
methods (Faměra et al., 2004).

The laboratory assistance for any value chain is 
critical. It is essentially needed to provide assistance 
in quantitative terms and convey reliable information 
based on scientific instruments. The decision based on 
such information are more reliable. Wheat is a staple 
food of most of the nations in this world. Pakistan 
is generally produces sufficient quantity of wheat 
and sometime export the surplus quantity to other 
countries as well. The quality of wheat is therefore 
remaining the area of interest to stake holders 
including consumer. By knowing the benefits of NIR-
spectroscopy, this study was conducted to evaluate the 
performance of spectra base technique for evaluation 
of wheat grain hardness to support industry and trade 
of the country. 

Materials and methods

Sample description
Cleaned and healthy samples of Wheat grain (free 
from foreign matter) were chosen for this study. All 
Those selected samples were analyzed for hardness 
using NIR and in comparison, with standard method 
(AACC) viz. Hardness Index (HI) and Particle Size 
Index (PSI).

Sample preparation for NIRS
Three composite samples of about 1Kg were prepared 
to analyze the thrice. Sample was drawn into 
collecting chamber for analysis. Prior to analysis, 
moisture content of samples was determined through 
Brabender hot air oven following the set procedure 
of AACC. Moisture of all the sample were found in 
narrow range (10-11%).

Principle of NIRS
A non-destructive Near-infrared spectrometric 
technique (NIRS) Omaga Analyzer (Germany) 
used for the analysis of quality of grains. A beam of 
light from tungsten halogen brightens the optical 
dispersing device (monochromator). Monochromator 
separate the color component of light and dispersed 
the light beam was different angle. Radiations in NIR 
hit the sample reflected in all direction. The reflected 
beam was accumulated under a detector unit which 
finally generated a corresponding photometric signal 
(Figure 1).
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Mechanism of hardness index tester
Differences of wheat hardness leading to the 
differences of mechanical degree of commination. 
Based on this principle, the hard wheat face difficulty 
to be milled (powder) as compared to soft wheat while 
being grinded. The wheat hardness was measured 
under specific condition (moisture level 5-9%) 
according to the ratio between the sample weight and 
the sample gross weight.

The mill knife was driven by the motor drive installed 
in the external surface of the rotor. This shear 
and crushes the sample together followed by the 
centrifugal airflow. The field was made within the 
crushing room by the rotor blade, meanwhile, powder 
particles were entered into the loading hopper. The 
weight of powder particles which have been passed 
are different caused by the different wheat hardness 
under certain crushing time. The wheat hardness was 
measured by the ratio between the weight of remained 
powder particles and the tested wheat sample weight. 
The obtained value was taken as hardness index. 
Higher index values reflect the hardness of wheat.

Particle size index
Wheat kernel texture has important implication for 
milling quality parameters such as starch damaged, 
water absorption and gas production. For grain 
hardness, particle size index method of AACC 55-
30 was performed. Cleaned wheat kernels with 10-
11% moisture was used for determination. About 
22-23g of wheat grain were milled by using Perten 
laboratory mill 3100 equipped with mesh size of 
0.8mm. Approximately 10g of the flour were weighed 
and sieved from U.S. No. 75 sieve for 10 min using 
sieve shaker. The sieve threw were weighed by using 
the formula given below:

	
For wheat hardness index JYDX 100 × 40 hardness 
index tester were used following the regulation GB/T 
5497.

Statistical analysis
All the test were performed in triplicate and result 
reported with mean and standard deviations. 
Correlation coefficients (r) were determined by using 
SPSS software (SPSS version 17, Inc., USA).

Results and Discussion

This research activity was carried out to assess the 
performance of NIR-spectroscopy for determining 
hardness of wheat. For this purpose, wheat samples 
were evaluated for hardness through NIRS, hardness 
index (HI) and particle size index (PSI). 

Figure 1: Near infrared spectroscopy schematic diagram.

NIR spectra
Figure 2 shows a representative NIR spectra obtained 
on wheat samples. It is clear from the spectra that 
hard wheat samples had high absorbance as compared 
to the medium wheat. This may be due to intracellular 
spaces between starch molecules present in wheat 
kernel, creating discontinuous protein patches (Glenn 
and Saunders, 1990). This probably sends back the 
scattered light to the sensor and as a result it gives less 
absorbance for soft wheat than hard wheat sample. 
The peaks around 900-920nm and 970-1020nm 
represent the ability of hardness related to protein, 
starch and color differences (Maghirang and Dowell, 
2003).

Figure 2: Representative NIR-spectra of wheat hardness.

NIRS and standard techniques
The NIR hardness values were compared with the 
values obtained from PSI and HI techniques (Figure 
3). Results shown in the Figure 3 suggested that 
the trend of NIR values is close to the trend of HI 
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values. Mass distribution of whole wheat flour and 
their properties of wheat were recorded empirically 
during milling process. Values from NIRS and 
singulator and crushing  mechanism (single kernel 
characterization system; SKCS) were compared to 
evaluate performance on the basis of wheat hardness 
as a quality parameter. A significant correlation 
(r=0.94) had been reported between the hardness 
values from NIR and SKCS (Groos et al., 2004).

Figure 3: Comparison of near-infrared (NIR) spectrometry with 
reference methods for hardness of wheat.

Figure 4: Differences between NIR and hardness index values.

Figure 4 demonstrates the quantum of differences in 
values of NIR and HI techniques for same samples. 
The values of wheat hardness by HI and NIR-
spectroscopy were ranged from 55.6 – 79.1 and 31.3 – 
60.0 with average difference of 17.5, respectively. Such 
difference was due to the difference in measurement 
range. The NIR spectroscopy usually ranged between 
30 and 60 whereas the HI values ranged between 50 
and 80. 

Faměra et al. (2004) investigated different methods 
for wheat hardness of winter wheat varieties. NIR-
spectroscopy had shown low coefficient of variance 
(12.6%) in comparison quality characteristics like, 
wheat hardness index (WHI) and particle size index 
(PSI) with coefficient of variation 32.8 and 30.6, 
respectively.

Correlations
Figure 5 represents the correlations of NIRS values 
with the HI and PSI values separately. A positive 
association (r= 0.92) among the values of NIRS and 
HI values. Hardness of winter wheat was determined 
by different methods like NIR spectroscopy and 
hardness index (HI). These methods were correlated 
with each other to check their performance for 
hardness of winter wheat. Significant correlation was 
recorded between WHI × NIR (r = 0.84) for winter 
wheat varieties (Faměra et al., 2004).

 

 

  

 

 

 

 

y = 0.9548x + 19.897
R² = 0.8384

40

50

60

70

80

30 35 40 45 50 55 60

H
ar

dn
es

s i
nd

ex

NIR-spectroscopy

r=0.92

y = -0.1875x + 31.069
R² = 0.0878

0

10

20

30

30 35 40 45 50 55 60

Pa
rt

ic
le

 S
iz

e 
In

de
x

NIR-spectroscopy

r=-0.30

y = -0.2782x + 40.829
R² = 0.2101

0

10

20

30

55 60 65 70 75 80

Pa
rt

ic
le

 S
iz

e 
In

de
x

Hardness Index

r=-0.46

Figure 5: Correlation coefficients (r) between harness values of near-
infrared (NIR) spectrometry and reference methods.

Results further suggested that PSI values were weakly 
related to HI (r = -0.46) and NIR (r = -0.30) values. 
Faměra et al. (2004) conducted a study on comparison 
of different methods for hardness of winter wheat. 
NIRS and particle size index (PSI) had shown 
significant positive correlation (r= 0.74) whereas 
hardness index (HI) and particle size index (PSI) 
were significantly negatively correlation (r= –0.79).

NIRS performance on medium and hard wheat
A frequency distribution had been applied to group 
the data into hard and medium wheat groups (Figure 
6). Almost equal number of samples fell into these 
two groups. It has also been observed that most of the 
wheat available in Pakistan belongs to the medium 
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hard wheat class. Khurshid et al. (2017) determined 
physicochemical attributes of wheat available in 
Pakistan, hardness score wheat varieties reflected 
medium hard to hard range. Arif et al. (2007) evaluated 
seven spring wheat varieties for physicochemical 
attributes, hardness score revealed that all varieties 
belonged to hard wheat class.
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Figure 6: Hardness values of medium and hard group of wheat 
samples.
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Figure 7: Correlation coefficients (r) between NIR and 
hardness index values of medium and hard wheat samples 

Both the wheat groups were separately analyzed for 
correlation coefficients (Figure 7). This exercise was 
undertaken to understand that which type of wheat 
can be best suitably analyzed through NIR. Results 
showed that the efficiency of NIR technique was 
high (r = 0.92) when utilized for medium wheat class. 
Whilst the NIR technique can also utilize for hard 
wheat class as suggested from strong relationship (r = 
0.70). The reference (Surowiec et al., 2017) compared 
near infrared (NIR) and microwave resonance sensors 

(MRS) for moisture analysis. Significant correlation 
(r= 0.97) was recorded between the values of NIRS 
and MRS.
 
Conclusions and Recommendations

Near infrared spectroscopy has given the opportunity 
to overcome the limitations of other analytical 
techniques. It is simple, reliable, rapid, non-destructive 
and environment friendly. The study suggested that 
the agro-based industry can take such benefits from 
this technique for the assessment of their products’ 
quality. The medium hard wheat class, which is more 
common in Pakistan, can be reliably analyzed through 
NIR spectroscopy. The alternate way to assess the 
wheat quality will likely to support the industry and 
trade of the country.
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