
Nondestructive classi¯cation of mung bean seeds
by single kernel near-infrared spectroscopy

Kaewkarn Phuangsombut*, Nattaporn Suttiwijitpukdee†

and Anupun Terdwongworakul*,‡

*Department of Agricultural Engineering
Faculty of Engineering at Kamphaengsaen
Kasetsart University, Kamphaengsaen

Nakhon Pathom, 73140 Thailand

†Kasetsart Agricultural and Agro-Industrial
Product Improvement Institute

Kasetsart University, Bangkok, 10900 Thailand
‡fengant@ku.ac.th

Received 27 July 2016
Accepted 17 September 2016
Published 14 October 2016

Near-infrared spectroscopy (NIRS) in the range 900–1700 nm was performed to develop a clas-
sifying model for dead seeds of mung bean using single kernel measurements. The use of the
combination of transmission-absorption spectra and re°ection-absorption spectra was deter-
mined to yield a better classi¯cation performance (87.88%) than the use of only transmission-
absorption spectra (81.31%). The e®ect of the orientation of the mung bean with respect to the
light source on its absorbance was investigated. The results showed that hilum-down orientation
exhibited the highest absorbance compared to the hilum-up and hilum-parallel-to-ground
orientations. We subsequently examined the spectral information related to the seed orientation
by developing a classifying model for seed orientation. The wavelengths associated with classi-
¯cation based on seed orientation were obtained. Finally, we determined that the re-developed
classifying model excluding the wavelengths related to the seed orientation a®orded better ac-
curacy (89.39%) than that using the entire wavelength range (87.88%).

Keywords: Mung bean; germination; near-infrared spectroscopy; classi¯cation; single kernel.

1. Introduction

The mung bean (Vigna radiata) is one of the

important crops used as an ingredient (in the form

of sprouts) in various foods for consumption in
Thailand due to its high nutritional value. The
sprouts of mung beans resulting from germination
improve the nutritional and medicinal qualities of
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mung beans1 through changes in the chemical con-
stituents, nutritional value, and metabolites occur-
ring during the sprouting process.2 Consequently,
the presence of hard seeds during seed collection
poses a major problem to mung bean consumption,
particularly during the sprouting process or when
boiling. In this context, the seed size also a®ects the
germinating ability. Larger seeds (with relatively
heavier and larger heads and stems) were found to
correspond to a higher germination percentage.3

The \hardness" of seeds is a genetically and physi-
ologically controlled trait.4 The seed coats of hard
seeds contain seven times more lignin, 23% higher
silica and 12% higher ¯ber content than those of
normal seeds. Moreover, the hard seed coat consists
of tough and highly dense palisade cells. The
thickness of the seed coats of the hard seeds is
greater and more solid at the ultrastructure level.
Further, the micropyle of the hard seed is closed and
covered with palisade cells, in which covering makes
hard seeds impermeable to water. In the seed pro-
duction process, hard seeds need to be separated
from normal seeds as the hard seeds will not grow as
they are impervious to water, and they do not ger-
minate in the sprouting process. The moist hard
seeds that do not sprout can develop mold and in-
fect neighboring sprouting seeds in the process.
Thus, the separation of hard seeds from the normal
ones forms an important aspect of seed collection
and separation. At present, the only method used
for the separation of hard seeds from normal ones
involves the use of a reciprocating force; the inclined
and reciprocating movement of a sieve plate sepa-
rates the hard seeds from the sound ones. The
working principle of this approach is based on the
di®erence in the densities of the hard seeds and
normal seeds. However, this technique is not very
e®ective.

One of the techniques for nondestructive as-
sessment of internal quality of agricultural pro-
ducts that is becoming increasingly popular is
near-infrared spectroscopy (NIRS). NIRS has been
widely applied to evaluate the internal quality of
beans with the primary advantage that the tech-
nique requires minimum sample preparation.5–9 In
one mung bean breeding program, NIRS re°ec-
tance spectra were obtained from intact grains and
the palmitic, linoleic, and total fatty acid contents
were successfully predicted with reliable accura-
cy.10 Further, NIRS has been utilized to evaluate
the contents of protein, starch, and amylose in

intact mung bean seeds for seed conservation
purposes.11 The investigators reported that the
NIRS method is robust, a®ords nondestructive
determination of the seed quality, and the nonde-
structive aspect preserves the seed's vitality. NIRS
has also been utilized to assess the internal quality
of certain other beans and seeds. For examples,
models based on partial least squares regression
(PLSR) have been developed to analyze the
nutritional composition of the Chinese Faba bean
seed. In one such study, the authors reported that
a model based on the ground-seed powder gener-
ally performed better than the model based on
the intact seed in the estimation of protein, starch,
oil, and total polyphenol.12 NIRS has also been
reported to show signi¯cant potential as a rapid
and nondestructive method for the analysis of
crude protein and fat content in whole-kernel
soybean.13 From a qualitative viewpoint, NIRS
based on transmittance measurements has been
useful in discriminating among the insect-infested,
¯lled, and empty seeds of three species of Larix.14

Classi¯cation accuracy with the method has been
reported to be equal to or nearly 100%.

While nondestructive NIRS has been success-
fully applied in the abovementioned contexts, there
has been no research on developing nondestructive
techniques for the discrimination of hard seeds
from the normal seeds of the mung bean. Conse-
quently, in this study, we investigated the possi-
bility of applying the NIRS technique to separate
hard seeds from normal seeds. Furthermore, we
proposed that the classifying model could com-
pensate for the e®ect of bean orientation on the
NIR spectra and that the performance of the
classifying model could be improved by combining
the transmission-absorption spectra and re°ection-
absorption spectra.

2. Materials and Methods

2.1. Sample preparation

Two crops of mung bean (Kamphaengsaen II vari-
ety) were harvested and threshed to separate the
seeds from the peels at a crop research center in the
Chainat province in the central region of Thailand.
Two hundred seeds were subsequently obtained.
The seed samples were maintained at 25�C and a
relative humidity of approximately 85% in an air-
conditioned laboratory overnight to ensure that the
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seeds attained temperature equilibrium prior to
measurement.

2.2. Spectra acquisition of single
kernel

As di®erent orientations of the hilum with respect
to the light source yield di®erent re°ection and
transmission characteristics for the same bean, a
uniquely designed holder (Fig. 1) was used to collect
one transmission spectrum and two re°ection
spectra at two positions of each sample. This sample
holder was designed so as to allow the attachment of
three ¯ber optic cables to capture the transmitted
light from underneath the sample and two re°ected
light from the top surface of the mung bean. In the
measurement, the kernel was placed in the holder
and illuminated from the top. The transmitted light
was collected through a hole at the bottom and the

re°ected light was collected at one end and the
middle part of the seed surface from two ¯ber optic
units installed at 45� with respect to the illumina-
tion and spaced 90� apart above the samples.

A light source (100 W, tungsten halogen) was
directed onto the kernel and set at a distance of
10 cm above the seed. The transmitted light or
re°ected light signals were conveyed via an optical
¯ber to a spectrophotometer (NIRQuest; Ocean
Optics; FL, USA) operating in the range 900–1700
nm with a 512-element InGaAs detector and 3.1 nm
spectral resolution. The integration time was opti-
mized to 250 ms with a spectral average count of
six. Te°on material was used as the reference for
each set of 10 seeds.

As a mung bean seed is not symmetrical along
one axis, each individual seed was scanned in three
orientations relative to the hilum of the seed
(Fig. 2). The orientations were designated as hilum-
down (HD), hilum-up (HU), and hilum-parallel-to-
ground (HP). The absorbance spectra for the three
orientations were compared for the e®ective classi-
¯cation of the hard (dead) mung bean from the
normal (sound) bean.

2.3. Germination test

After spectral acquisition, the mung been seeds were
germinated for seven days. Each seed was placed on
moist paper in a Petri dish at 25�C. The numbers of
germinated seeds and hard seeds were recorded on
the third day after the start of the germination
test.15

2.4. Development of classi¯cation
model

We allocated the samples of single seeds to a cali-
bration set and a prediction set based on the ¯rst
principal component score derived from principal
component analysis. The germinated seeds were
sorted according to the ¯rst principal component
score, which explained 90% of the variance, and
subsequently, the seeds were alternately allocated
to the calibration and prediction sets. Similarly, the
nonviable seeds were also allocated to the calibra-
tion and prediction sets with the use of the ¯rst
principal component score. In total, 134 seeds were
allocated to the calibration set (67 germinated seeds
and 67 nonviable seeds), and the remaining 66 seeds
were allocated to the prediction set (33 germinated

Sample

10 cm 

To detector

Light beam

Sample holder 

(a)

(b)

Fig. 1. (a) Mung bean holder showing light source and (b)
isometric view of mung bean holder uniquely designed to collect
both re°ected and transmitted light.
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seeds and 33 nonviable seeds). Models for classi¯-
cation were constructed by implementing partial
least squares discriminant analysis (PLS-DA) with
the use of the calibration set. The constructed
classi¯cation models were cross-validated to deter-
mine the optimum number of PLS factors using
(PLSR) (The Unscrambler v.9.8; Camo; Oslo,
Norway), with values of 1 and 0 being set for the
germinated and nonviable seeds, respectively. The
classi¯cation performance of the models was calcu-
lated as the percentage correctness via prediction of
the germination of the seed samples in the predic-
tion set.

Di®erent pre-treatment techniques were also
examined to reduce the e®ect of scattering (which
results in spectral variations) and to improve the
classi¯cation performance. The techniques, which
were applied either individually or in combination,
comprised smoothing, calculation of the ¯rst and
second derivatives of the spectra, multiplicative
scatter correction (MSC), and standard normal
variate (SNV). Therefore, apart from the raw
spectra used for the development of the classi¯ca-
tion model, pre-treated spectra were also utilized
for comparison with regard to the model
performance.

As the hilum is present on one side of the seed
surface, the scattering e®ect on the hilum side is
di®erent from that of the smooth-sided surface of
the mung bean seed. In addition, each placement of
the seed on the table does not assume the same
orientation. Therefore, in order to investigate the
e®ect of the hilum orientation on the classi¯cation
performance, four models were developed using
the spectra obtained from seeds oriented in the
hilum-down (HD), hilum-up (HU), hilum-parallel-
to-the-ground (HP) positions, and a combination of
the HD, HU, and HP orientations.

Initially, only the transmission-absorption spec-
tra (AT) were used in the PLS-DA analysis to de-
velop a classi¯cation model. However, di®erent
orientations of the hilum with respect to the light
source yielded di®erent re°ection and transmission
characteristics for the same bean. Therefore, in
order to obtain more information on the absor-
bance, two more ¯ber optic units were employed to
collect re°ected light at one end (AR1) and the
middle part of the seed surface (AR2) in addition to
the transmitted light (Fig. 1(b)). Thus, combined
absorbance, which was the combination of the
transmission-absorption spectra and two re°ection-
absorption spectra (AT þ AR1 þ AR2), was also
used as independent variables for further develop-
ment of the classi¯cation model for the improve-
ment of the classifying performance.

3. Results and Discussion

3.1. Absorbance of mung bean seed

In general, the absorbance characteristics of the
mung bean seed (Fig. 3) are similar to those of
wheat kernels,16 with a large and relatively constant
absorbance over the long wavelength region from
1430 nm for the sound beans. In our case, noise was
present in the absorbance at low and high wave-
lengths due to the low sensitivity of the sensor.
Consequently, the wavelength range from 923 nm to
1400 nm was selected for further analysis to avoid
the upper and lower noisy absorbance regions.

Regarding the absorption bands, water bands
were observed clearly at wavelengths around
990 nm and 1440 nm (Fig. 3). In between the water
bands was a signi¯cant starch band at 1200 nm
associated with the second overtone of C–H
stretching.17 The presence of the strong starch band

(a) (b) (c)

Fig. 2. Three orientations of mung bean seed for measurement: (a) hilum face-up, (b) hilum face-down and (c) hilum-parallel-to-
the-ground.
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con¯rmed the fact that the main composition of the
mung bean was starch. In addition, sound seeds
appeared to absorb more light than dead seeds, as
shown in Fig. 3.

The second-derivative spectra of sound and dead
seeds (Fig. 4), which aided in resolving the ab-
sorption peaks, exhibited prominent band peaks
around 1194 nm and 1363 nm with the sound kernel
peaks exhibiting higher absorbance. This result was
partly in agreement with a previous report on the
NIRS absorbance characteristics of wheat kernels.16

These band peaks may be assigned to the second
overtone and the combination of vibrations of the
C–H groups of the structural and food reserve
components of grains, such as starch and other
carbohydrates and proteins.18

The seed orientation investigation revealed that
the seed in the HD orientation exhibited the highest
absorbance, and the seed in the HP orientation
exhibited the lowest absorbance (Fig. 3). One con-
tributing reason was that the HD orientation led to
the highest scattering, allowing less light transmis-
sion through the seed.

3.2. Classi¯cation

The PLS-DA model constructed from the trans-
mittance spectra of all orientations yielded a clas-
si¯cation accuracy of 81.31% (Table 1). From
Table 1, it can also be observed that all the PLS-DA
models developed using the combined absorbance,
which was calculated from a summation of both
transmission-absorption spectra and re°ection-ab-
sorption spectra, resulted in a better classi¯cation
than the transmittance model. The PLS-DA model
developed using the combined absorbance of all
orientations yielded an accuracy of 87.88%, which
was higher than that yielded by the model using
only the transmittance (81.31%). This improve-
ment in results justi¯ed the use of the combination
of both transmission-absorption spectra and re°ec-
tion-absorption spectra in preference to using only
transmission-absorption spectra. This combined
absorbance partially compensated for variation in
the scattering due to the hilum orientation.

Upon investigation of the e®ect of hilum orien-
tation, we observed that better classi¯cation was
achieved for all three models based on the HD, HU,
and HP orientations. The HD model yielded the
best classi¯cation accuracy of 95.45%. Among
the three orientation models, the model based on
the HU orientation yielded the lowest accuracy of
89.39%, probably due to having the highest scat-
tering with respect to other orientations.

The model based on the spectral information of
all orientations was more practical for further ap-
plication as there was no need to place the seed at
any speci¯c orientation for measurement. There-
fore, we next attempted to compensate for variation
in the hilum orientation. Initially, spectral infor-
mation related to the orientation (\orientation
spectra") was required. This was obtained by per-
forming PLS-DA to construct a model capable of
separating the mung bean seeds into each orienta-
tion. Next, the regression coe±cients of the model
were examined to select the wavelengths corre-
sponding to high values of the coe±cients (Fig. 5).
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Fig. 3. Average absorbance of mung beans at di®erent hilum
orientations (HD: hilum face-down, HU: hilum face-up, and
HP: hilum-parallel-to-the-ground).

Classi¯cation of mung bean seeds via NIRS

1650053-5

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
7.

10
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
09

/2
2/

18
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



T
ab

le
1.

R
es
u
lt
s
of

cl
as
si
¯
ca
ti
on

p
er
fo
rm

an
ce

of
ca
li
b
ra
ti
on

m
od

el
s
b
as
ed

on
ab

so
rb
an

ce
of

si
n
gl
e
k
er
n
el

of
m
u
n
g
b
ea
n
.

N
u
m
b
er

C
al
ib
ra
ti
on

P
re
d
ic
ti
on

N
u
m
b
er

of
m
is
cl
as
si
¯
ed

N
u
m
b
er

of
m
is
cl
as
si
¯
ed

M
od

el
*

of
fa
ct
or
s

r*
*

R
M
S
E
C
V
**

r
R
M
S
E
P
**

h
ar
d
se
ed
s*
**

n
or
m
al

se
ed
s*
**

A
cc
u
ra
cy

(%
)

T
ra
n
sm

it
ta
n
ce

w
it
h
al
l

or
ie
n
ta
ti
on

sp
ec
tr
a

4
0.
61

6
0.
39

5
0.
64

8
0.
38

2
24

(9
9)

13
(9
9)

8
1
.3
1

T
þ
R

��
�
w
it
h
h
il
u
m
-d
ow

n
or
ie
n
ta
ti
on

5
0.
79

7
0.
30

3
0.
84

5
0.
27

1
1
(3
3)

2
(3
3)

9
5
.4
5

T
þ
R

w
it
h
h
il
u
m
-u
p
or
ie
n
ta
ti
on

5
0.
67

2
0.
37

2
0.
76

1
0.
32

7
4
(3
3)

3
(3
3)

8
9
.3
9

T
þ
R

w
it
h
h
il
u
m
-p
ar
al
le
l-
to
-

gr
ou

n
d
or
ie
n
ta
ti
on

5
0.
73

4
0.
34

2
0.
77

8
0.
31

4
3
(3
3)

2
(3
3)

9
2
.4
2

T
þ
R

b
as
ed

on
al
l
w
av

el
en
gt
h
s

an
d
al
l
or
ie
n
ta
ti
on

sp
ec
tr
a

6
0.
77

1
0.
31

9
0.
74

5
0.
33

6
12

(9
9)

12
(9
9)

8
7
.8
8

T
þ
R

w
it
h
al
l
or
ie
n
ta
ti
on

sp
ec
tr
a

om
it
ti
n
g
w
av

el
en
gt
h
s
re
la
te
d
to

se
ed

or
ie
n
ta
ti
on

6
0.
78

2
0.
31

3
0.
74

9
0.
33

4
11

(9
9)

10
(9
9)

8
9
.3
9

N
o
te
s:
*A

ll
m
od

el
s
w
er
e
d
ev
el
op

ed
b
as
ed

on
sp
ec
tr
a
p
re
tr
ea
te
d
w
it
h
M
S
C
an

d
th
e
S
av

it
zk
y
–
G
ol
ay

se
co
n
d
d
er
iv
at
iv
e
w
it
h
th
e
n
u
m
b
er

of
sm

oo
th
in
g
p
oi
n
ts

eq
u
a
l
to

1
5
.

**
r
¼

C
or
re
la
ti
on

co
e±

ci
en
t,
R
M
S
E
C
V

¼
R
oo

t
m
ea
n
sq
u
ar
e
er
ro
r
of

cr
os
s
v
al
id
at
io
n
an

d
R
M
S
E
P
¼

R
oo

t
m
ea
n
sq
u
ar
e
er
ro
r
of

p
re
d
ic
ti
on

.
**

*N
u
m
b
er

in
p
ar
en
th
es
is
in
d
ic
at
es

th
e
to
ta
l
n
u
m
b
er

of
se
ed
s
fo
r
cl
as
si
¯
ca
ti
on

.
**

**
T
¼

T
ra
n
sm

it
ta
n
ce
,
R

¼
R
ef
le
ct
an

ce
.

K. Phuangsombut, N. Suttiwijitpukdee & A. Terdwongworakul

1650053-6

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
7.

10
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
09

/2
2/

18
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



These wavelengths were associated with the hilum
orientation. Sixteen wavelengths ranging from
928.7 nm to 1395.9 nm were chosen from the re-
gression coe±cients. Thus, the PLS-DA model
based on all orientation spectra was re-developed
with the use of the spectra with the absorbance
pertinent to the above selected wavelengths being
omitted. The classi¯cation accuracy obtained with
the model without orientation-related wavelengths
was 89.39%, which showed an improvement over
that from the previous model (87.88%).

The PLS-DA model obtained eight PLS compo-
nents, which accounted for 91% of the variance in
the spectra for the classi¯cation. The scatter plot of
the ¯rst two PLS scores with 52% of explained
variance is displayed in Fig. 6, which shows that
most of the samples were separated diagonally into
a sound seed cluster in the upper right and a dead

seed cluster in the lower left. Some of the samples
were overlapping with respect to the ¯rst two
scores. Clearer separation would be realized in eight
dimensions which could not be visually displayed.

Regarding band assignments, Fig. 7 shows the
plot of the regression coe±cients, which was
obtained from the PLS-DA model based on both the
transmittance and re°ectance of all orientation
spectra (accuracy of 87.88%). The high peaks in the
regression coe±cients indicate the strong e®ect of
bond vibrations on the classi¯cation between the
sound and dead seeds. The coe±cient peaks and
their corresponding bond vibrations and structures
are listed in Table 2.19 Bands associated with the
vibration of starch, oil, and protein were observed.
Some bands were observed to relatively di®er from
the bands of chemical assignment. This di®erence
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Table 2. Chemical assignments of near-infrared absorption
bands associated with high regression coe±cients.

Wavelength
at high
regression
coe±cient
(nm)

Wavelength
of chemical
assignment
(nm)19 Bond vibration19 Structure19

928.7 928 C–H str. third overtone oil
987.9 990 O–H str. second overtone starch
1018.3 1020 N–H str. second overtone protein
1058.2 1060 N–H str. second overtone RNH2

1150.7 1152 C–H str. second overtone CH3

1206.4 1215 C–H str. second overtone CH2

1362.9 1360 2� C–H str:þ C–H def. CH3

1383.3 1395 2� C–H str:þ C–H def. CH2
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arose because the grain is a complicated system that
includes several major constituents.17

4. Conclusions

We examined the use of NIRS to classify mung bean
seeds. The NIRS results indicated the method's
potential in the classi¯cation of mung bean seeds
into sound and dead seeds. The classi¯cation model
based on a combination of both transmission-ab-
sorption spectra and re°ection-absorption spectra
yielded a better performance than the model based
on only transmission-absorption spectra. Further-
more, the orientation of the bean in relation to the
light source a®ected the absorbance. The model
using the spectral information of all orientations —
hilum face-up, hilum face-down, and hilum-parallel-
to-the-ground — yielded a lower classi¯cation ac-
curacy than those using the spectral information of
only one orientation. Improvement of the perfor-
mance of the model combining the spectral infor-
mation of all three orientations was achieved by
excluding wavelengths associated with the orienta-
tion. We believe that our ¯ndings can signi¯cantly
contribute to better mung bean classi¯cation.
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