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Garlic (Allium sativum L.) is a valuable medicinal plant that is widely used in pharmaceutical,
food, cosmetic, and hygiene industries due to the various products it contains in the form of
extracts and powders. Non-destructive and rapid methods for assessing food quality are of
interest to industries and research. In the present study, garlic powder was determined by
spectrometry in the range of 936 to 1660 nm and chemometric techniques. For this purpose,
120 spectra were recorded from the prepared samples of garlic powders during the storage
period of 3, 90, and 360 days. The effects of SNV, MSC, D1+SG, and D2+SG preprocessing
methods on the performance of ANN, SVM, and KNN classifiers were investigated. The
principal component analysis (PCA) technique was used to reduce the spectral variables, and
the first 4 principal components (PCs) were considered as the input of the models. The D1+SG
preprocessing showed the greatest effect on the identification of the spectra of the garlic
powder samples. Results showed that the highest classification accuracy of 96.88% was
achieved in all the three classifiers. The results of the present study confirm the feasibility of
using the near-infrared (NIR) technique and chemometrics for the rapid identification of the
freshness of garlic powder.
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INTRODUCTION

Allium sativum L. belonging to the Liliaceae family, is a
valuable medicinal plant that is widely used in various
pharmaceutical, food, cosmetic and hygienic industries
[1, 2]. The most important medicinal organ of this species
is bulblet, which is used as fresh and dried, extract, oil,
slice, and powder [3]. Garlic powder is one of the most
important spice, which has great commercial importance
and is widely used in the food and pharmaceutical
industries [4]. This valuable plant grows all around the
world and is considered as one of the most important
plants among onion species [5]. Garlic contains
compounds such as carbohydrates, starch, protein,
vitamins, minerals, and mucilage [2, 6], as well as various
organosulfur and amino acid compounds [7]. These
compounds have antibacterial, antioxidant, anticancer,
immunomodulatory, and many other therapeutic
properties. These functions are influenced by the
conditions and storage time of garlic powder and extract.
[8-13].

The development and progress of optical equipment has
led to the reduction of dimensions and the number of
components of optical systems. Therefore, the cost of
using them is decreasing [14]. In Vis-NIR spectroscopy,

spectroscopic modes include reflectance, transmittance,
transeflectance, and intractance, where the light source
and receiver change position relative to each other [15].
The best spectroscopic method is related to the
characteristics of the investigated materials; for example,
the transmission or transmission-reflection mode is the
best choice for liquid samples, and the reflection mode is
mainly used for powders [16].

Daszykowski et al. [17] investigated the rapid and non-
destructive detection and measurement of adulteration of
garlic powder (corn starch and corn flour) by modeling
NIR reflectance spectra. They prepared different mixtures
of garlic powder with starch and corn flour and
performed spectroscopy in the range of 4,000 to 100,000
/cm. Their results showed that the NIR spectroscopy can
be used to predict the level of adulteration in garlic
powder. Also, the PLSR method was superior to the PCR
model according to the model evaluation indicators.

The possibility of detecting the presence of corn starch in
garlic powder with FTIR spectroscopy and PLSR model
was studied by Lohumi et al. [18]. Reflectance spectra
were used in the range of 650-4000 /cm. They concluded
that non-destructive detection of corn starch in garlic
powder is possible. Wang et al. [19] examined the
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potential of spectroscopic techniques (NIR and MIR) and
chemometrics in determining whether strawberry
powders were prepared from stored fruit (0, 2, 4, 15, 20,
and 27 days) or fresh fruit. The separation rate of 100%
was obtained based on the evaluation of 111 samples
using PLSR and LS-SVM models, which indicated the
great potential of this method [19]. Due to the high
consumption of garlic powder in food and other
industries, no research has been reported on measuring
the freshness of this widely used product with non-
destructive methods, including near infrared spectroscopy
(936-1660 nm). According to the increasing trend of
making internal and external optical spectroscopic
instruments, the present study was conducted to improve
the evaluation techniques of food powders.

MATERIALS AND METHODS

Preparation of Samples

The required samples were obtained from garlic (white
garlic -a landrace native from Arak, harvesting in early
August) grown in the climatic conditions of Markazi
Province, Arak city (latitude 34°04'N, longitude 49°40'E,
and altitude 1743 m), and propagated with uniform
healthy cloves free from diseases and pests. At each
stage, after peeling and separating the bulblets from each
other, slices with a thickness of 2-3 mm were prepared.
After drying in the shade (temperature of 25-30 °C for a
week) and away from direct light, the dried slices were
powdered with a laboratory mill (cradle- Ts 1300). All
the powders were passed through a 50 mesh sieve and
were prepared in three periods of 3 days (A1), 90 days
(A2), and 360 days (As) using laboratory mill. From the
beginning, all the slices were powdered and samples were
taken from the initial powder in three time intervals. The
powders were stored in a zipped aluminum envelope in
the refrigerator until the test

Spectroscopy

Diffuse reflectance spectra were obtained by irradiating
light at an angle of 45° [20]. A Portable Flame-NIR
spectrometer (Ocean Optics Company, USA) was used in
a wavelength range of 936-1660 nm (Table 1). Before
starting the spectroscopy, the light source was kept on for
more than half an hour to remove the non-uniformity and
noises caused by the heating and heat of the light source.
After this step, the absorption spectra were drawn in the
software according to the existing relationship (A=Log
1/R) from the reflection spectra.

QP400 VIS-NIR optical fibers were used to transmit and
receive light. The fibers were placed in a fixed position
relative to each other (angle of 45°), and each spectrum
was obtained from the average of 4 scans. A total of 120
reflection spectra were taken from the samples. Before
spectroscopy and after taking 10 spectra, the standard
background and white light (barium sulfate) were
removed and stored again. An aluminum probe was used
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to fix the angle and distance of the fibers to the powder
surface when taking the spectrum. The corresponding
diagram is shown in Fig. 1.

Table 1 Characteristics of flame-NIR spectrometer

Characteristics Spectrometer

Manufacturing company Ocean optics

Model Flame NIR
Dimensions 88.9 *63.5*31.9
Weight 265¢g

Detector Hamamatsu G8160-03
Pixel number 128

Working range 936 — 1650 nm

Signal to noise ratio 6000 - 1

Wavelength separation 10 nm

Light Sourc

® < Detector

N 450

N
~

Sample

Fig. 1 Schematic diagram of spectral acquisition

Chemometrics — Preprocessing

Raw NIR spectra contain significant noise due to the
variation of particle size, issues related to the light source
and receiver, and other unwanted factors. Therefore,
different preprocessing methods are used to extract
chemical information from spectral data [21].
Unfortunately, there is no specific guide in choosing
preprocessing methods [17]. Several common
preprocessing methods were used in this research.
Preprocessing techniques of SNV and MSC are employed
to remove the effects caused by the difference in particle
size and the change in the distance between the light
source and the surface of the sample [22- 24]. The
derivation of the spectra leads to the enhancement of the
peak points and the noises, so usually after taking the
derivative, smoothing is done [25]. The Savitzky-Golay
smoothing method is one of the common methods used
after derivation. In the current research, the effect of the



89

first and second derivatives on the spectral data was
investigated, and smoothing was performed using the SG
method.

Principal component analysis (PCA)

Use of principal component analysis technique creates
new variables, each of which is a linear combination of
several main independent variables. The new reduced
variables are the principal components, and the first
principal component covers the highest variance, and the
second principal component covers the data that is not
present in the first component, and this process is
repeated in the subsequent components as well [26]. The
first to fourth principal components formed the input of
the classifiers in this research.

Classifiers

Classification models have been used in various research
fields [27-30]. In the present study, the potential of ANN,
SVM, and KNN models was evaluated in the separation
of powders based on spectrum. It is necessary to validate
the created models, so about 25% of the spectra (32
spectra) were randomly considered for validation before
modeling by the software, and the calibration of the
models was performed with the remaining spectra (88
spectra). The overall accuracy index (%) of the validation
samples (Equation 1) was used to evaluate the classifiers.
Where TC is the number of correctly classified samples
and N is the total number of confusion matrix samples of
the validation data set. Ocean view 1.6.3 was used for
spectra acquisition, and unscramble X10.4 was employed
for preprocessing methods. IBM Modeler 18 was used for
principal components extraction and classification.

RESULTS AND DISCUSSION

The total absorption spectra of powders and the average
spectra of three types of powder freshness in the range of
936 to 1660 nm are shown in Figure 2. The similarity
between the obtained spectra was very high, but the
amount of absorption in some wavelengths was different.
The obtained spectra had a very good conformation with
the spectra reported by Daszykowski et al. [17]. Garlic
contains some compounds including sulfur, flavonoids,
allicin, amino acids, polyphenols, water-soluble
compounds, and fats.

The content of these compounds in garlic is relatively
low, and therefore the interpretation of the spectra is
complicated due to the possible overlap of the spectra of
the compounds mentioned.

The effective absorption bands found in the collected
spectra (in the range of 936-1660 nm) were as follows:
(1) 1120-1290 nm band caused by the second overtone of
the C-H bond and (2) 1320-1520 nm band caused by the
first overtone of the N-H bond and also the first overtone
of the O-H bond [31]. The peak created at the wavelength
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936.976 995.14 1058.941 1128305 1191.65 1254.746 1323271 1391451 145926 1521.07 1582.526 1643.61
Wavenumber (nm)

of 1420 nm was reported to be caused by the first
overtone of the O-H bond of water [32].

Al —— A2

A3

b

936976 995,14 1058941 1128305 1191,65 1254746 1323271 1391.451 1459.26 1521.07 1582.526 1643.61
Wavenumber (nm)

Fig. 2 All samples (garlic powders) spectra (a) and Mean
spectra (b) of 3 days (Az), 90 days (Az), and 360 days (As)

936976 989.33 1041.56 1099.435 1157.128 1214.624 1271.908 1328.967 1385.784 1436.7 1487398 1543461593 661 1649.143
Wavenumber (nm)

Fig. 3 The effect of D1+ SG preprocessing on all acquired
spectra

To compare the effect of preprocessing methods on the
separability of sample spectra from each other (Fig. 3),
the distribution of sample spectra in the coordinates of the
first, second, and third principal components (PCs) is
shown in Fig. 4. The use of PCA method and dispersion
in the coordinates of PCs have been reported in various
research [24, 26, 33]. The graphs show that there was
good separation, especially after D1+SG preprocessing.

Classification
After PCA, the first to fourth principal components were
selected as the inputs of all classifiers. The results of
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model calibration and validation are shown in Table 2.
The training and test data sets were equal in all the
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classifiers.

Table 2 The overall accuracy (%) by classifiers in the training and testing samples based on different preprocessing methods

KNN

SVM

ANN

Spectral preprocessing Train

Test

Train

Test

Train

Test

No Preprocessing 95.45
MSC 95.45
SNV 98.86
D1+SG 100

D2+SG 97.73

84.38
93.75
96.88
96.88
96.88

95.45
97.73
96.59
100

98.86

93.75
93.75
93.75
96.88
93.75

95.45
98.86
100
100
96.59

90.62
96.88
93.75
96.88
87.5

(Eq. 1) Accuracy (%)= (TC/N)x100
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Fig. 4 The effect of different preprocessing on the scattering
plot of spectra (in PCy1, PC2 and PCs coordinate)

The highest overall accuracy of the correct classification
of the model test samples was 96.88% which was
obtained in all classifiers and using D1+ SG [34].

CONCLUSION

The near-infrared spectra (936-1660 nm) acquired from
garlic powder samples have shown a relatively small
number of peaks, which are probably caused by the
overlap of light absorption of overtones and the bonds of
various substances in the powder. Examining the effect of
SNV, MSC, D1+SG, and D2+SG preprocessing has
shown that the highest separation accuracy was achieved
in D1+SG.

The highest overall accuracy of correct separation was
96.88% and this number was suitable for practical
applications. The results of the present study indicated the
potential of using the non-destructive test of NIR
spectroscopy to evaluate the freshness of garlic powder.
Conducting similar studies for different storage periods of
garlic powder and other cultivars of garlic, as well as
spectroscopy in the entire near-infrared range (up to 2500
nm) is suggested as further complementary studies.
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