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Development of Nondestructive Detection Method for Adulterated Powder
Products Using Raman Spectroscopy and Partial Least Squares Regression
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Abstract This study was conducted to develop a non-destructive detection method for adulterated powder products
using Raman spectroscopy and partial least squares regression(PLSR). Garlic and ginger powder, which are used as
natural seasoning and in health supplement foods, were selected for this experiment. Samples were adulterated with
corn starch in concentrations of 5-35%. PLSR models for adulterated garlic and ginger powders were developed
and their performances evaluated using cross validation. The R? and SEC of an optimal PLSR model were 0.99
and 2.16 for the garlic powder samples, and 0.99 and 0.84 for the ginger samples, respectively. The variable
importance in projection (VIP) score is a useful and simple tool for the evaluation of the importance of each
variable in a PLSR model. After the VIP scores were taken pre-selection, the Raman spectrum data was reduced
by one third. New PLSR models, based on a reduced number of wavelengths selected by the VIP scores
technique, gave good predictions for the adulterated garlic and ginger powder samples.

Keywords: Raman Spectroscopy, Partial Least Squares Regression, Variable Important in Projection, Powder
Product, Adulteration
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Fig. 1 Raman spectroscopy system and the inside
of darkroom
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Fig. 2 Raman sprectrum of corn starch
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Fig. 3 Raman sprectra of (a) garlic and (b) ginger
powders modified using polynomial curve
fitting
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Fig. 4 Beta coefficient values of PLSR models for
(a) garlic and (b) ginger powders
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Table 1 Performances of calibration and validation
PLSR models for garlic powder

Calibration Validation
Preprocessing Factor
R? SEC R? SEV

Mean 0.98 1.26 0.95 2.55 6
Max 0.98 1.41 095 239 6
Range 0.98 1.41 0.95 239 6
MSC 0.98 1.26 095 234 6
SNV 0.98 1.26 095 237 6
SG 1st” 097 1.91 0.85  4.46 3
SG 2nd® 098 127 081 525 4
Raw 0.99 0.93 096  2.16 7

1) Savitzky-Golay 1% derivative, 2) Savitzky-Golay 2" derivative.

Table 2 Performances of calibration and validation
PLSR models for ginger powder

Calibration Validation
Preprocessing N N Factor

R’ SEC R’ SEV

Mean 0.98 1.24 0.92 3.06

Max 0.98 1.61 0.92 3.25

Range 0.98 1.61 0.92 3.25

MSC 0.98 1.21 0.92 3.09

SNV 0.98 1.21 0.92 3.09

SG Ist 0.99 0.84 0.90 3.54
SG 2nd 0.99 0.44 0.88 3.95
Raw 0.97 1.75 0.91 3.44
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Fig. 5 VIP scores for the raman spectra region of
(a) garlic and (b) ginger powders
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Table 3 PLSR model of garlic powder developed
with selected wavebands from VIP plot

Calibration Validation
- N Factors  Variable
R? SEC R? SEV
0.98 1.26 0.95 2.25 3 476

Table 4 PLSR model of ginger powder developed
with selected wavebands from VIP plot

Calibration Validation
- - Factors Variable
R? SEC R? SEV
0.98 1.25 0.90 3.61 4 554
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