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1- Pre-processing

2- Standard Normal Variate transformation (SNV)
3- Multiplicative Scatter (MSC)

4- The ratio of the standard deviation of the response
variable to the RMSEP (RPD)

5- Quadratic Discriminant Analysis (QDA)

6- Linear Discriminant Analysis (LDA)
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1- First derivative and second derivative
2- Median filter

3- Savitzkye-Golay

4- Wavelet
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Fig.2. Reflectance spectra of pistachio shell
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Fig.3. Reflectance spectra of whole pistachio kernel
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Table 1- Statistics of both calibration and prediction sets for moisture content and hardness of roasted pistachio kernels

Calibration set Prediction set
Ol 5 asgoon0 2Py 48 g0
SR G ] Lo <31
Characteristic (Xl dard EH I S W YY) oSbke 7 dard Ao Ady aueS
Mean Star_1 ar Median  Max Min Mean Star_1 ar Median Max Min
deviation deviation
Cugb)
Moisture 1.61 0.49 1.50 2.26 0.50 1.26 0.45 1.26 198  0.75
content (%)
o 65.84 12.5 68.06 81.28 43.52 63.31 15.94 63.93 82.76 43.62

Hardness (N)

OByt ilisee sl g, jl odatl b o 4ty (sladiay Cugb) (255in @l =Y Jgsa
Table 2- The prediction results of moisture content with different pre-processing techniques

PLS ANN
. S Olape (S e (omas S
Pre-processing
s Jlas! (5l 312
558 % RPD RMSEP R’ RMSEP  R?
No. of
PLS factor
i S o9 4 0.57 0787 0242 0238 0816
Original data
ol gnde clon ol 5l Jlo et oo 5 094 0478 0473 0238 0.804
SNV, Median filter, D
ol Grie s gle A8 oSl i s 5 098 0459 0478 0219 0.824
MSC, Median filter, D
9> Gnie oo A 2 lial Jlo etie oo 5 046 0982  0.528 0376 0.530
SNV, Median filter, D
P> Ghde oo A8 Xl A o 4 045 1005  0.525 0292 0.69
MSC, Median filter, D
ol grie Soge o uliad Jloyi ste o 4 085 0524 0517 0179 0.907
SNV, Wavelet, D
Jgl 3o «Sarge sl o 1 1 0448 0251 0244  0.820
MSC, Wavelet, D
ps2 Grde cKrgn i Jlos it Jiad 9 078 0572 0.051 0284 0742
SNV, Wavelet, D
pp2 Sho Sargn wiildl i s 5 039 1153 0.055 0314 0.689
MSC, Wavelet, D
I P ‘ ey ‘ I oo l . ta .-
ol Ghie o gl LSl Jlog eite s 2 084 0535 0432 0269  0.767
SNV, Savitzky-Golay, D
| o S siashe o Bl ik g
ol nie oo 0l i 2 089 0505 0333 0308  0.676
MSC, Savitzky-Golay, D
P52 Ghe o gl i Jlosi site a3 1 074 0605 0226 0199 0873
SNV, Savitzky-Golay, D
Py She o gl @Bl A gt 1 104 0432 0233 0.130 0767

MSC, Savitzky-Golay, D
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Table 3- The prediction results of hardness with different pre-processing techniques

PLS ANN
o
Pre-processing 32 Ol o yheS o
oh Jlos! (g 5515 o iy A
2956 e , ,
No. of RPD RMSEP R RMSEP R
PLS factor
Pin i o 4 149 10700  0.514 6.567  0.820
Original data
ol e e A oyl Jlo siite o 2 133 12090 0454 6737 0.774
SNV, Median filter, D
| ade e il ornlBl iy puons
Jo 5580 e 5L sl 54 g 2 133 12016  0.462 8276 0.662
MSC, Median filter, D
e & " . | A ‘ e I . v .
ps> Grde cilon i Sl Jloj uite a3 031 52089  0.353 8563  0.630
SNV, Median filter, D
P52 re sislun S ol 254 gt 030 52938 0362 5260 0.860
MSC, Median filter, D
ol gnie oSy i Jlosi siie 2 2 148 10780  0.643 7246 0.742
SNV, Wavelet, D
o e «Snge Xl iy gt 115 13.888 0344 12771 0.645
MSC, Wavelet, D
e n . ‘ l ol . P .
s Ghde o Sage i Jloy e Jas 047 33878  0.003 5216 0.876
SNV, Wavelet, D
P52 he Srgn il 3l i s 027 58558  0.536 9.943 0518
MSC, Wavelet, D
ol o sl oyl Jlog ite fia 094 16970  0.434 6190  0.821
SNV, Savitzky-Golay, D
ol Gre sl el 5 gt 140 11393 0453 8.898  0.641
MSC, Savitzky-Golay, D
. ¢ oo ‘ ol ‘ . P .
s> he ool lial Jlos e s 090 17710 0455 6562 0.787
SNV, Savitzky-Golay, D
ps> She o Sl 0l A gt 113 14051 0361 7700 0.735

MSC, Savitzky-Golay, D*
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Introduction: Pistachio nut is one of the most delicious and nutritious nuts in the world and it is being used as a salted
and roasted product or as an ingredient in snacks, ice cream, desserts, etc. (Maghsudi, 2010; Kashaninejad et al. 2006).
Roasting is one of the most important food processes which provides useful attributes to the product. One of the
objectives of nut roasting is to alter and significantly enhance the flavor, texture, color and appearance of the product
(Ozdemir, 2001). In recent years, spectral imaging techniques (i.e. hyperspectral and multispectral imaging) have
emerged as powerful tools for safequality inspection of various agricultural commodities (Gowen et al., 2007). The
objectives of this study were to apply reflectance hyperspectral imaging for non-destructive determination of moisture
content and hardness of pistachio kernels roasted in different conditions.

Materials and methods: Dried O’hadi pistachio nuts were supplied from a local market in Mashhad. Pistachio nuts
were soaked in 5L of 20% salt solution for 20min (Goktas Seyhan, 2003). For roasting process, three temperatures (90,
120 and 150°C), three times (20, 35 and 50 min) and three air velocities (0.5, 1.5 and 2.5 m s') were applied. The
moisture content of pistachio kernels was measured in triplicate using oven drying (3 gr samples at 105 °C for 12
hours). Uniaxial compression test by a 35mm diameter plastic cylinder, was made on the pistachio kernels, which were
mounted on a platform. Samples were compressed at a depth of 2mm and speed of 30 mm min™'. A hyperspectral
imaging system in the Vis-NIR range (400-1000 nm) was employed. The spectral pre-processing techniques: first
derivative and second derivative, median filter, Savitzkye-Golay, wavelet, multiplicative scatter correction (MSC) and
standard normal variate transformation (SNV) were used. To make models at PLSR and ANN methods, ParLeS
software and Matlab R2009a were used, respectively. The coefficient of determination (R?), the root mean square error
of prediction (RMSEP) and the ratio of the standard deviation of the response variable to RMSEP (known as relative
performance determinant (RPD)) were calculated.

Results and discussion:

Interpretation of hyperspectral data: The results showed that the spectra of the shell, the whole kernel and the internal
part of the kernel have different patterns. The internal part of thekernel had 2 peaks at 630 nm and 690 nm, while the
shell and the whole kernel had 1 peak at 670 nm and 720 nm, respectively and the peak of the whole kernel was sharper
than that of the shell. The highest and lowest intensities were for the internal part of the kernel and the whole kernel,
respectively. The spectral slope of the internal part is higher than that of the shell and the whole kernel at 500-700 nm.
The effect of different pre-processing techniques and analysis on prediction of pistachio kernels properties: In the absence of
pre-processing techniques, low correlation coefficients were observed for prediction of moisture content and hardness.
However, with the use of pre-processing techniques, in some models, correlation coefficient and RPD increased and the
RMSEP decreased. The results revealed that ANN models would predict moisture content and textural characteristics of
roasted pistachio kernels better than PLSR models.

Moisture content: ANN models can predict moisture content of roasted pistachio kernels better than PLSR models. In
total, PLSR models showed low RPD and R”. For all samples, RPD was lower than 1.5, indicating that the developed
models do not give an accurate prediction for moisture content. The best results with ANN method were achieved using
a combination of SNV, wavelet and D' for predicting moisture content with R =0.907 and RMSEP=0.179.

Hardness: The results indicated that ANN models can predict the hardness better than PLSR models. The best results
with PLSR models were achieved using a combination of SNV, wavelet and D1 with R2= 0.643, RMSEP=10.78, RDP=
1.48 and 2 PLSR factors. However, due to high RMSEP and low R? and RPD, it can be mentioned that prediction of
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hardness values with ANN model was not sufficiently desirable. However it was better than the PLSR models. The best
results with ANN models were achieved using a combination of SNV, wavelet and D* with R?=0.876 and

RMSEP=5.216.
Conclusions: The results of this study showed that employing pre-processing methods causesa decrease in prediction

error and improves the quality of the models. ANN models could predict moisture content and hardness of roasted
pistachio kernels better than the PLSR models.
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