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This research aimed to establish near infrared (NIR) spectroscopy models for identification of
syrup types in which the maple syrup was discriminated from other syrup types. Thirty syrup
types were used in this research; the NIR spectra of each type were recorded with 10 replicates.
The repeatability and reproducibility of NIR scanning were performed, and the absorbance at
6940 cm ! was used for calculation. Principal component analysis was used to group the syrup
type. Identification models were developed by soft independent modeling by class analogy
(SIMCA) and partial least-squares discriminant analysis (PLS-DA). The SIMCA models of all
syrup types exhibited accuracy percentage of 93.3-100% for identifying syrup types, whereas
maple syrup discrimination models showed percentage of accuracy between 83.2% and 100%.
The PLS-DA technique gave the accuracy of syrup types classification between 96.6% and 100%
and presented ability on discrimination of maple syrup form other types of syrup with accuracy
of 100%. The finding presented the potential of NIR spectroscopy for the syrup type

identification.
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1. Introduction

Syrup is a sweet flavoring that is a viscous liquid
and comprises a concentrated solution of sucrose
and other sugars in water. The viscosity of syrup
arises from the multiple hydrogen bonds between

*Corresponding author.

the dissolved sugars, which has many hydroxyl
(OH) group and the water. Many people eat syrup
on waffles or pancakes and sometimes it is used to
make cakes, cookies and other desserts. Syrup can
be produced from dissolving sugar in the water or
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made from a naturally sweet juice such as corn
syrup, cane syrup, agave syrup, maple syrup, etc.

Maple syrup is obtained from the sap of sugar
maple trees (Acer saccharum Marsh). Sap is a liquid
inside sugar maple trees; approximately 2-6% of the
sap is sucrose. Maple syrup is made by simmering
the sap until it is viscous and then filter out the
sediment, the remaining solution is maple syrup.
The chemical composition of maple syrup is domi-
nated by carbohydrates, mainly more than 80%
of sucrose, followed by variable detectable traces of
glucose and fructose, minerals, vitamins and
organic acids.'™

Near-infrared (NIRs) spectroscopy technique has
been used extensively to investigate the parameters
in syrup. Luqing et al.” reported that using NIRs for
detection and quantification of sugar and glucose
syrup in roasted green tea, the results showed that
NIR has a good potential in quantifying sugar and
glucose syrup content in roasted green tea and for
detecting adulterated roasted green tea sample.
The NIRs have been used to detect adulteration of
Irish honey by beet invert syrup and high fructose
corn syrup in transflectance mode by Kelly et al.’
The result has demonstrated that NIRs could be
used as a rapid screening tool for the detection of
beet invert syrup and high fructose corn syrup
adulteration in Irish honey at a minimum concen-
tration, which may be commercially useful. Fur-
thermore, NIRs have been used for qualitative and
quantitative detection of honey adulterated with
high-fructose corn syrup and maltose syrup, and the
results showed that NIRs have a potential as a
method for the classification of authentic and
adulterated honeys.”

Two classification methods, which are soft
independent modeling of class analogy (SIMCA)
and partial least-squares discriminant analysis
(PLS-DA), have been used to build classification
models for discrimination of agricultural products.
Veleva-Doneva et al.® reported that using SIMCA
to build the models for detection of bacterial con-
tamination in milk using NIRS,® using PLS-DA to
establish the classification models to discriminate
the oat and groat kernels by Serranti et al.” devel-
oping PLS-DA models for prediction of diazinon
contents in the samples and for classification of in-
tact cucumbers,'” SIMCA and PLS-DA were used
to build the models for nondestructive detection
of blackspot in potatoes.'!

From the aforementioned reports, the NIRs can
be potentially used to investigate the parameters of
syrup in fast, nonsample preparation and nonde-
structive fashion. Hence, the research aims to es-
tablish NIR models for identification of syrup types
and discrimination of maple syrup from other syrup
types; the resulting data of NIRs are analyzed
applying principal component analysis (PCA) to
transform the original data to a new group and
PLS-DA and SIMCA to build the classification
models to identify and discriminate the syrups.

2. Materials and Methods
2.1.

A total of 30 syrup samples from different sources
were collected from supermarkets and convenient
stores as outlined below: five samples of maple
syrup (MPS1, MPS2, MPS3 MPS4 and MPS5), four
samples of honey (HN1, HN2, HN3 and HN4), three
samples of cane syrup (CNS1, CNS2 and CNS3),
three samples of hazelnut syrup (HZS1, HZS2 and
HZS3), two samples of maple-flavored syrup (MFS1
and MFS2), two samples of corn syrup (COS1 and
CO082), two samples of caramel syrup (CMS1 and
CMS2), two samples of vanilla-flavored syrup
(VFS1 and VFS2), two samples of mint-flavored
syrup (MIS1 and MIS2), one sample of butterscotch
syrup (BSS), one sample of blue-flavored syrup
(BFS), one sample of carob syrup (CRS), one
sample of agave syrup (AGS) and one sample of
coconut flower syrup (CFS). Syrup samples were
delivered to Laboratory of NIRS Research Center
for Agricultural Product and Food, Curriculum of
Agricultural Engineering, Department of Mechani-
cal Engineering, Faculty of Engineering, King
Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand. Immediately prior to the ex-
periment, the samples were kept at room tempera-
ture (25°C) for 30 min before NIR scanning.

Syrup sample

2.2.

Each syrup sample was poured into a vial (20 mm
diameter and 43 mm height), and the syrup sample
was pressed by the transmittance probe (path
length 0.35 mm). NIR spectra of syrup samples were
recorded in reflection mode between 12,500 cm !
and 4000cm~! (800-2500nm) at a resolution of
8cm~! by the Fourier transform (FT)-NIR

Sample scanning
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spectrometer (MPA, Bruker Ltd, Germany). Ten
spectra were collected from each syrup sample.
Figure 1 shows syrup spectra measurement by FT-
NIR spectrometer.

2.3. NIR identification models
established and data analysis

The identification models were created for two
cases: identified type of syrup and discriminated
maple syrup from other syrup types. The 300
spectra of syrup samples were used to create
identification models. Identification models were
performed with the multivariate statistical program
of Unscrambler v10.1 software package (CAMO
AS, Trondheim, Norway). Principle component
analysis (PCA) was used for grouping the syrup
type. The error of the PCA model was then calcu-
lated with the full cross validation method. Identi-
fication models were established wusing soft
independent modeling by class analogy (SIMCA)
and partial least-squares discriminant analysis
(PLS-DA) methods. All NIR models were estab-
lished using raw spectra only. Performance of
models was evaluated in terms of number of false
positives, number of false negatives, sensitivity
(Eq. (1)), specificity (Eq. (2)) and accuracy
(Eq. (3)), which is defined as:

Specificity = x 100, (1)

TN
TN +FP

Fig. 1. Syrup spectra measurement by FT-NIR spectrometer.

Identification of syrup type using FT-NIR spectroscopy

Sensitivity = 100, (2)

TP "
TP + FN
TP +TN "
TP + TN + FP + FN
where TP, FN, TN and FP are the numbers of true
positives, false negatives, true negatives and false
positives, respectively.

Accuracy = 100, (3)

2.4. OQwverall precision test

Repeatability and reproducibility were assessed for
describing overall precision test. One of the syrup
sample (MPS3) was selected to determine repeat-
ability and reproducibility. Repeatability was per-
formed by NIR spectra scanning on selected sample
with 10 duplicates under the same conditions.
Reproducibility was performed on same selected
sample with 10 duplicates under different conditions
(lifting and placing). Repeatability and reproduc-
ibility are defined as the standard deviation (SD) of
absorbance values at 6940 cm ! (absorbance peaks
of sucrose'?) of 10 duplicates.

3. Results and Discussion
3.1. NIR spectra of syrup

The raw spectra of 30 syrup samples are shown in
Fig. 2. The trend and absorbance band of all syrup
spectra were similar, except spectrum of MFS1
(maple-flavored syrup). Shapes of raw spectra of all
syrup types were no noises. It could be observed by

log (1/R)

12000 10000 8000 6000 4000

Wavenumber (cm™)

Fig. 2. Raw spectra of syrup.
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naked eyes. However, the spectral data may obtain
baseline shrift and/or baseline offset, which led to
shift in absorbance peaks. These problems can
be resolved using the second derivative method.
Figure 3 shows the second derivative spectra of all
syrup types. Spectra of all syrup types show obvious
peak at 6940 cm ! (1440 nm), 5900 cm ! (1650 nm),
5160cm~!  (1940nm), 4810cm~! (2080nm),
4390 cm~! (2276nm), 4300cm~! (2325nm) and
4000 cm ! (2500 nm). The peaks at 6940 cm ! and
4810 cm~! correspond to first overtone of the O-H
stretching and combination of O—H stretching and
deformation band of sucrose.'? Figures 2 and 3 show
that the different type of syrup affected the spectral
level at 6940 cm~!, which is the absorbance band
of sucrose. The prominent peak at 5160cm~! is a
combination of O-H starching and deformation of
water.!? Absorbance bands of starch reveal at
4390 cm~! and 4000 cm ™! (i.e., combination of O-H
and C—C stretching and combination of C—H and
C—C stretching, respectively).'?

3.2. NIR identification models

Figure 4 shows PCA of syrup spectra on factor 1
(PC1) and factor 2 (PC2). The MFS1 was further
separated from other syrup types which posited on
positive axis of PC1 and the HZS3 was separated
from other syrup types on positive axis of PC1 also.
Five types of syrup, including HN2, HN3, HN4,
CFS and CNS3, were separated from other syrup
types on positive axis of PC2. Three types of syrup,
which include HN1, AGS and CNS2, were separated
from other syrup types on negative axis of PCl1.
Nine types of syrup that include CMS1, CMS2,
HZS2, MIS1, MIS2, VFS1, VFS2, BSS1 and BFS1

0.03

0.02 -
0.01 -
0.00 -

1/R)

= -0.01 -
-0.02 -

D2log

-0.03
-0.04 5160

-0.05

10000 8000 6000 4000
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12000

Fig. 3. Second derivative spectra of syrup.
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Fig. 4. PCA of syrup spectra.

were distributed on positive axis of PC1. The large
group of syrup consisted of MPS1, MPS2, MPS3,
MPS4, MPS5, CRS, MFS2, COS1, COS2, CNS1
and HZS1, clustered around center of PCA plot.
Comparing PCA model from FT-NIR with IR
spectroscopy for classification of maple! and agave
syrup,'® we observed that IR spectroscopy could
better classify type of syrup than FT-NIR spec-
troscopy but it needs a sample preparation although
simple.'*

Figure 5 shows z-loading plot of PC1 and PC2
from PCA analysis. PC1 and PC2 presented large
positive or negative loading values at 6942cm™!
(1440 nm), 6329 cm ! (1580 nm), 5155 cm ! (1940 nm)
and 4690 cm ! (2132nm), which were important
concerned components for separation type of syrup
by the PCA method. The peak of loading values at
6942cm ! (1440nm) and 6329cm~! (1580 nm)
corresponded to the O—H stretching first overtone of

0.20

—PCl ---PC2

5155

X-loading

-0.10

12000 11000 10000 9000 8000 7000 6000 5000 4000

Wavenumber (cm?)

Fig. 5. a-loading plot of PC1 and PC2 from PCA analysis.
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sucrose and the O-H stretching first overtone of
glucose, respectively.'? It is clear that different
types of syrup could separate by NIR absorbance
band of sucrose and glucose, which is the main
chemical composition of syrup. Therefore, it is
possible for using NIR spectra of syrup to identify
syrup type. In addition, the prominent peak at
5155cm ! (1940 nm) was combination absorbance
of O-H stretching and deformation of water.'?
Table 1 presents the result of identification types
of syrup using soft independent modeling by
SIMCA. Identification models using the SIMCA
method showed sensitivity between 33.3% and
100.0%, whereas specificity of all models was 100%.
Most models (AGS, BSS, BFS, CNS1, CNS2, CNS3,
CRS1, CFS, COS1, COS2, HZS1, HN1, HN2,
MFS1, MFS2, CRS, MIS2, VFS1 and VFS2) pre-
sented 100% of sensitivity, specificity and accuracy.
In contrast, some models (CRS2, HZS2, HZS3,
HN3, HN4, MPS1, MPS2, MPS3, MPS4, MPS5 and

Identification of syrup type using FT-NIR spectroscopy

MIS1) gave percentage of sensitivity of 33.3-83.3%
due to false negative of identification types of syrup
obtained on these models, especially all of maple
syrup models. This result presented that maple
syrup models could not identify among maple syrup
with various sources. These consequences were
obtained in previous research'? studied on classifi-
cation and discrimination of agave syrup, which
reported that NIR spectroscopy was not possible to
classify and discriminate among agave syrup with
different origins or between syrups from the variant
species. This finding indicated that these identifi-
cation models could be used for self and other
types of syrup. The accuracy of identification
models using the SIMCA method was more than
93.3%. Therefore, identification models created
using SIMCA technique were applicable. The
results of identification syrup type using PLS-DA
are shown in Table 2. Percentages of sensitivity on
identification syrup types by PLS-DA models were

Table 1. Results of identification types of syrup using SIMCA.
Models False positive  False negative  Specificity (%)  Sensitivity (%) Accuracy (%)
AGS 0 0 100.0 100.0 100.0
BSS 0 0 100.0 100.0 100.0
BFS 0 0 100.0 100.0 100.0
CNS1 0 0 100.0 100.0 100.0
CNS2 0 0 100.0 100.0 100.0
CNS3 0 0 100.0 100.0 100.0
CRS1 0 0 100.0 100.0 100.0
CRS2 0 14 100.0 41.7 95.3
CFS 0 0 100.0 100.0 100.0
COS1 0 0 100.0 100.0 100.0
COS2 0 0 100.0 100.0 100.0
HZS1 0 0 100.0 100.0 100.0
HZS2 0 6 100.0 62.5 98.0
HZS3 0 18 100.0 35.7 93.9
HN1 0 0 100.0 100.0 100.0
HN2 0 0 100.0 100.0 100.0
HN3 0 2 100.0 83.3 99.3
HN4 0 2 100.0 81.8 99.3
MFS1 0 0 100.0 100.0 100.0
MFS2 0 0 100.0 100.0 100.0
CRS 0 0 100.0 100.0 100.0
MPS1 0 20 100.0 33.3 93.3
MPS2 0 2 100.0 83.3 99.3
MPS3 0 16 100.0 38.5 94.6
MPS4 0 15 100.0 40.0 94.9
MPS5 0 7 100.0 58.8 97.6
MIS1 0 1 100.0 90.0 99.7
MIS2 0 0 100.0 100.0 100.0
VFS1 0 0 100.0 100.0 100.0
VFS2 0 0 100.0 100.0 100.0
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Table 2. Results of identification types of syrup using PLS-DA
Models  False positive — False negative  Specificity (%) Sensitivity (%) Accuracy (%)
AGS 0 0 100.0 100.0 100.0
BSS 10 0 96.6 0.0 96.6
BFS 10 0 96.6 0.0 96.6
CNS1 10 0 96.6 0.0 96.6
CNS2 7 0 97.6 100.0 97.6
CNS3 5 0 98.3 100.0 98.3
CRS1 10 0 96.6 0.0 96.6
CRS2 10 0 96.6 0.0 96.6
CFS 10 0 96.6 0.0 96.6
COS1 10 0 96.6 0.0 96.6
COS2 10 0 96.6 0.0 96.6
HZS1 8 0 97.3 100.0 97.3
HZS2 0 0 100.0 100.0 100.0
HZS3 10 0 96.7 0.0 96.7
HN1 10 0 96.6 0.0 96.6
HN2 7 0 97.6 100.0 97.6
HN3 6 0 98.0 100.0 98.0
HN4 0 0 100.0 100.0 100.0
MFS1 10 0 96.6 0.0 96.6
MFS2 0 0 100.0 100.0 100.0
CRS 0 0 100.0 100.0 100.0
MPS1 10 0 96.6 0.0 96.6
MPS2 0 0 100.0 100.0 100.0
MPS3 10 0 96.6 0.0 96.6
MPS4 10 0 96.6 0.0 96.6
MPS5 10 0 96.6 0.0 96.6
MIS1 10 0 96.6 0.0 96.6
MIS2 8 0 97.3 0.0 97.3
VFS1 0 0 100.0 0.0 100.0
VFS2 0 0 100.0 0.0 100.0

0% and 100% and specificity of all models was more
than 96.6%. The false positive was obtained on
most identification models (BSS, BFS, CNSI,
CNS2, CNS3, CRS1, CRS2, CFS, COS1, COS2,
HZS1, HZS3, HN1, HN2, HN3, MFS1, MPSI,
MPS3, MPS4, MPS5, MIS1 and MIS2) using the
PLS-DA method, and false negative of these models
was 0.0. This finding indicated that these PLS-DA
models could be better for identification of other
types of syrup but not for self-identification.

However, some models (AGS, HZS2, HN4, MFS2,
CRS, MPS2, VFS1 and VFS2) presented that the
numbers of false positive and false negative were 0.
The accuracy of all identification models was more
than 96.6%. These identification models established
by the PLS-DA method were applicable.

Table 3 shows results of discrimination of
maple syrup from other syrup types by SIMCA
and PLS-DA. Discrimination of maple syrup using
the SIMCA method showed accuracy between

Table 3. Results of discrimination maple syrup from other syrup types using SIMCA and PLS-DA.

PLS-DA

Accuracy (%)

Sensitivity (%) Specificity (%) Accuracy (%)

SIMCA
Syrup type Sensitivity (%)  Specificity (%)
Maple syrup 100.0 99.6 99.7
Other syrup 83.2 0.0 83.2

100.0
100.0

100.0
100.0

100.0
100.0

1750019-6



J. Innov. Opt. Health Sci. 2018.11. Downloaded from www.worldscientific.com

by HUAZHONG UNIVERSITY OF SCIENCE AND TECHNOLOGY on 09/13/18. Re-use and distribution is strictly not permitted, except for Open Access articles.

Table 4. Overall precision test.

Repeatability test Reproducibility test

Overall precision test Mean SD Mean SD

Absorbance values 0.719 0.001 0.714 0.010

at 6940 cm !

Note: SD: standard deviation.

83.2% and 99.7%, whereas the PLS-DA method
showed 100% accuracy. These results indicated that
FT-NIR spectroscopy combined with PLS-DA
method was high-performance technique for dis-
crimination of maple syrup from other syrups.

3.3.

Table 4 shows repeatability and reproducibility at
absorbance values at 6940 cm~!. The SD values of
repeatability and reproducibility were 0.001 and
0.010, respectively. The SD of both tests shows the
indication of precision of NIR instrument on mea-
surement of syrup spectra under same and different
conditions. Repeatability test showed that the SD
was 0.14% of the mean value (0.719) and repro-
ducibility was 1.4% of the mean value (0.714). This
indicated that measurement of syrup spectra using
FT-NIR instrument showed excellent precision.

Overall precision test

4. Conclusion

The performance of syrup type identification and
discrimination of maple syrup and other syrup
types using FT-NIR spectroscopy were studied in
this research. The results showed that FT-NIR
combined with SIMCA and PLS-DA has high po-
tential as methods for identification of syrup type
and discrimination of maple syrup and other syr-
ups. The FT-NIR spectroscopy in combination
with SIMCA and PLS-DA can therefore be used as
a fast, lost cost, simple and nondestructive tool for
identification and discrimination of syrup. How-
ever, the FT-NIR spectroscopy with SIMCA and
PLS-DA could not be applied to identify maple
syrup among various sources. Nevertheless, FT-
NIR models that developed from maple syrup
using SIMCA and PLS-DA presented excellent
ability for discrimination of maple syrup from
other syrup types.

Identification of syrup type using FT-NIR spectroscopy
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