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Abstract. This study aims to assess Near infrared (NIR) spectroscopy to predict vanillin and
moisture content non-destructively. Twenty-four samples of vanilla pods (@55 grams/sample)
from Sumatra and Sulawesi Island were tested. The reflectance spectra of vanilla pod were
measured using a NIRFlex N-500 spectrometer at the wavelength of 1000-2500 nm. After that,
the vanillin and moisture content were measured using the reference method. The reflectance
spectra were transformed to absorbance spectra and several pre-treatment methods of NIR
spectra were applied, and the results were calibrated with chemical data using principal
component regression (PCR) and partial least square (PLS) methods. The best estimation for
vanillin content using absorbance spectra with OSC pre-treatment at 3 PLS factors with the
accuracy parameters of r = 0.91, SEC = 1.31%, SEP = 1.34%, CV = 45.60%, RPD = 2.30 with
a consistency of 97.96%. The best prediction of vanillin content using PCR method was
obtained with SNV pre-treated spectra at 6 PCR factors with the accuracy parameters of r =
0.89, SEC = 1.47%, SEP = 1.49%, CV = 43.21%, RPD = 2.09 and 101.40% consistency. The
best estimation for water content using the PLS method is using the SNV pre-treatment spectra
with a PLS factor of 5 with the accuracy parameters of r = 0.99, SEC = 2.11%, SEP = 2.13%,
CV = 6.12%, RPD = 7.98 with consistency = 98.86%. While using the PCR method, the best
estimation for moisture content was also obtained by SNV pre-treated spectra at 4 PCR factors
with the accuracy values of r =0.99, SEC = 2.33%, SEP = 2.25%, CV = 6.25%, RPD = 7.58 and
consistency = 103.90%. The PLS calibration provide a better accuracy than the PCR. The NIR
spectroscopy associated with the selected pre-treatments and factor numbers of PLS and PCR
can be used for determination of chemical content of vanilla pods.

1. Introduction

Indonesia is the second largest vanilla producer in the world after Madagascar with production reaching
20% to 30%. Vanilla exports in 2020 reached 363 thousand tons with the value of 60.2 million USD.
The main export destination country is the United States which amounts to 254 thousand tons or 70%
of total exports [1]. Vanilla production in Indonesia is mostly carried out in the provinces of Central
Java, East Java, Bali, NTT, NTB, Sulawesi, West Sumatra and North Sumatra. Based on the SNI 01 -
0010-2002, there are several standard indicators of vanilla pod quality, including vanillin and water
content [2]. The quality of vanilla should be maintained so that vanilla from Indonesia can still compete
in the international market. The accurate determination of vanillin and moisture content so far is by
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using chemical laboratory analysis, but this method takes a long time and expensive. So, a more efficient
method of determining the moisture and vanillin content of vanilla pods is necessary for ensuring the
chemical quality of Indonesia’ vanilla.

Near infrared spectroscopy (NIRS) is one of the non-destructive methods that extensively studied for
many purposes in industries such as chemical quality of products, products adulteration, and products
classification. It provides several advantages ; fast and easy to do, it does not require chemicals, and
able to perform internal quality tests on agricultural products non-destructively. This method has also
widely studied in agriculture field to determine physicochemical content of agricultural products such
as catechin in gambir [3], fat and free fatty acid in jatropha [4], trigonelline, chlorogenic acid, caffeine
content of coffees [5][6], and classification of coffee origin [7]. Research on the estimation of vanillin
and moisture content in Thailand’ vanilla using NIRS has been carried out [8]. It is reported that the
vanillin and moisture content in vanilla can be predicted accurately by NIRS and PLS method. This
study aims to assess NIR spectroscopy to predict vanillin and moisture content of Indonesia‘ vanilla
pods non-destructively using PCR and PLS calibration method.

2. Materials and Method

2.1 Materials and Apparatus

The samples used were commercial vanilla pods obtained from the islands of Sulawesi and Sumatra.
The number of samples used was 24 samples (@55 grams). The materials used to determine the chemical
content of vanilla pods were N,OH, ethanol, and filter paper. The instrument used to measure the
reflectance of vanilla is one unit of NIRFlex N-500 spectrometer (Buchi, Switzerland) equipped with a
fiber optic solid and a computer. The other apparatus used include an absorbance spectrophotometer,
and a petri dish as a vanilla container, mortal, volumetric flask, funnel, erlenmeyer, oven, scales, and
cups.

2.2 Measurement of Reflectance of Vanilla Pods

The sample of amount 55 gram was arranged in a neat and tight position placed on petri dish, and the
reflectance of samples were measured using a gun (fiber optic solid) NIRFlex N-500 spectrometer at
the wavelength of 1000 — 2500 nm or 4000 cm™ — 10000 cm™'. The NIR instrument was firstly calibrated
with the tool's built-in software. The number of samples were 24 samples, each sample were measured
in nine different measurement points so total spectrum obtained was 216 spectra.

2.3 Chemical Analysis

Chemical analysis was carried out to obtain data on vanillin and moisture content data from vanilla pods.
Furthermore, the data is used as reference data in building the NIR calibration model. The measurement
of water content is based on SNI 01-2891-1992 using the oven method with a temperature of 105 C for
3 hours [9] . Meanwhile, the vanillin content was measured by comparing the absorption of the vanillin
sample solution with a standard vanilla solution using absorbance spectrophotometer at a wavelength of
348 nm [10].

2.4. NIR Data Processing and Analysis

The collected NIR and chemical dataset were divided into calibration and cross-validation datasets i.e.
2/3 part is used for calibration and 1/3 part for validation. The calibration between NIR and chemical
data were carried out using PLS partial least square (PLS) and principal component regression (PCR)
methods. Before calibration process, some pretreatment spectra such as normalization, De-trending,
SNV, orthogonal signal correction (OSC), and multiplicative scatter correction (MSC) were applied to
increase accuracy of NIR prediction [11,12]. All data processing was carried out using the Unscrambler
X 10.4 application and MS office excel. Parameters used for determining the accuracy of the calibration
were coefficient correlation (r), standard error (SE), coefficient of variation (CV), and residual predictive
deviation (RPD) [13].
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3. Results and Discussion

3.1 Chemical Data of Vanilla Pods

Table 1 shows the chemical data from destructive measurements of vanilla pods, namely moisture
content and vanillin content. Average moisture content of vanilla pods is 35.16% with standard
deviation of 16.99%. Meanwhile, vanillin content ranged from 0.38-9.65% with an average of 3.18%
and standard deviation of 3.07%. . The standard deviation value obtained were relatively high both for
water and vanillin content due to vanilla pods used in this study from two different region (Sumatera
and Sulawesi).

Table 1 Chemical components in vanilla pods

Content Standard Minimum
Chemical Average (%)  Deviation (%) Maximum (%) (%)
Moisture Content

(%) 35.16 16.99 57.83 16.62
Vanillin

Concentration (%) 3.18 3.07 9.65 0.38

3.2 Absorbance spectra of Vanilla pods

Figure 1 shows the NIR absorbance spectrum for vanilla pods (low, medium and high absorbance level
of vanilla pods) at the wavelength of 1000-2500 nm. The absorbance values ranged from 0.19 to 1.97.
The peaks of the absorbance spectrum occurred at the wavelengths of 2193 nm, 1940 nm, 1446 nm, and
at 1200 nm. NIR absorption that appears at wavelength of 1200 nm occurs due to CH3 bonding; a
wavelength of 1446 nm indicates the presence of CH aromatic compounds; the wavelength of 1940 nm
indicates that there is a C=0 chemical bond and an OH chemical bond with the product H,O; and at a
wavelength of 2193 nm indicated HC = CH bond [14]. This is in accordance with the chemical
composition of the vanillin pods, namely the vanillin content of CsHsO3 which is dominated by CH3,
OH, C=0O bonds. There is a match between the wavelength at the peak of spectra and the chemical
compound of the vanilla pod.

Absorbance

0 T T 1
1000.00 1250.00 1666.67 2500.00

Wavelength (nm)

Figure 1 Absorbance spectra of vanilla pods
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3.3 Prediction of chemical content of vanilla pods.

The results of calibration and validation of the estimation of vanillin and moisture content of vanilla
pods based on PLS and PCR calibration methods and several NIR spectra pre-treatments is shown in
Table 2.

In PLS calibration, the best prediction of vanillin content of vanilla pods was obtained using
absorbance spectra with OSC pre-treatment and 3 PLS factors. The accuracy parameters of prediction
are high (1=0.91, SEC=1.31%, CV=45.51%, RPD=1.30). It is selected because r value is high, the
lowest SEP values, the lowest difference between SEC and SEP, the lowest CV and the highest RPD
value. Despite MSC and SNV have a higher r values and a lower SEC than OSC, but the SEP and CV
are high and the lower values of RPD. Moreover, OSC pre-treatment is also more efficient than MSC
and SNV since it has the lowest numbers of PLS factor. The best prediction of moisture content was
obtained using SNV pre-treatment and 5 PLS factors (r=0.99, SEC=2.11%, CV=6.12%, and RPD=7.98)
indicating that all prediction accuracy parameters are excellent.

Table 2 Results of calibration and validation of the estimation of vanillin content and moisture content
of vanilla pods

Chemical Ca}ibrat Pre-. SEC SEP CV Consistency
Content on processing  Factor R ) (%) (%) RPD (%)
method Data
Original 9 091 1,36 148 50.60 2.08 91.74
Normalize 8 091 134 152 51.72 2.03 88.24
PLS 0SsC 3 091 1.31 1.34 45.61 2.30 97.96
MSC 8 092 128 149 50.77 2.07 86.35
Vanillin SNV 8 092 128 144 49.02 2.14 89.12
content de-trending 8 090 1.37 1.49 50.80 2.07 92.23
Original 12 0.89 1.49 1.54 4520 2.00 97.09
Normalize 4 0.85 1.68 1.53 45.04 2.01 109.43
PCR MSC 8 0.89 1.47 1.50 4399 2.06 98.51
SNV 6 089 1.47 1.49 4321 2.09 101.40
OSC 3 0,8 149 152 4454 2.03 98.05
Original 6 099 234 247 7.09 6.89 94.54
Normalize 6 099 222 234 671 1729 95.09
PLS MSC 5 099 213 216 6.19 7.89 98.56
SNV 5 099 211 213 6.12 7.98 98.86
“égftt;ff trei‘zhfng 4 099 248 264 756 646 94.18
Original 4 099 255 273 7.61 623 93.42
PCR MSC 4 099 235 227 633 749 103.58
SNV 4 099 233 225 6.25 7.58 103.90
Detrending 7 099 254 255 7.0 6.68 99.66
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In PCR calibration, the best prediction for vanillin content was obtained by SNV pre-treatment with
8 PCR factors (r=0.89, SEC=1.47%, CV=43.21% and RPD=2.09). The r value obtained from this model
is above 0.80, a good correlation between the NIR spectra and the reference [11]. The SEC and SEP
values obtained are 1.47% and 1.50%, the difference in values between the two is small, indicating that
the prediction is good. The RPD value is 2.09%, that between 2 — 2.5 indicate a fairly good prediction
[12]. For moisture content, the best prediction is also obtained using SNV pre-treatment but with 4 PCR
factors (r=0.99, SEC=2.33%, CV=6.25%, and RPD=7.58).

The calibration methods and types of NIR data pre-treatment affect the accuracy parameters in
predicting vanillin and moisture content using NIRS. In general, the PLS calibration gives a better
accuracy than PCR. The accuracy is also depended on amount and type of chemical content of material.
The NIR spectra pre-treatment slightly increased NIR accuracies both in PLS and PCR calibration. The
SNV was selected as the best pre-treatment both for prediction of vanillin and moisture content except
for vanillin prediction using PLS. It might be due to the variation in NIR spectra was predominantly
influenced by the chemical composition rather than light scattering.

The data plot of vanillin content predicted by the best NIR calibration using OSC pre-treatment and
3 PLS factors versus vanillin content reference is shown in Figure 2. This best prediction of NIRS
produces the SEC and SEP values which are small, namely 1.31 % and 1.34% and the difference in
value of 0.03%. The difference between SEC and SEP which is very small indicates that the calibration
is good [15]. However, the CV value is too high. The ideal CV value for agricultural materials and
considered reasonable is 20% to 25% [16]. It is due to the vanillin content is not well distributed along
the samples tested, especially in 1-8% vanillin content.

The data plot of moisture content predicted by the best NIR calibration using SNV pre-treatment and
5 PLS factors versus moisture content reference is shown at Figure 3. The best prediction of NIRS gives
a small SEC and SEP namely 2.11% and 2.13% and the difference in value of 0.02%. The difference
between SEC and SEP which is very small indicates that the calibration is good and calibration set
represent the validation set [14].
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X SEC=1.31% [ s 0%
d ° ° c 55 SEC =2.11%
c 8 SEP=1.34% ° s S 12130
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Figure 2 Plot of vanillin content predicted by Figure 3 Plot of moisture content predicted by using
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It also has a very high correlation value of 0.99 and an RPD value of 7.98%. The RPD value of more
than 3 indicates a good and very good prediction [11,12]. Compared to previous studies [8], the
correlation coefficient of this study is higher than that of previous studies (r=0.96). The moisture content
of samples is also not well distributed, and it is likely categorized into two groups of samples. There
are no vanilla pods with moisture content of 22-45%.

The data plot of vanillin content predicted by the best calibration with PCR versus vanillin content

reference is shown in Figure 4. The r value obtained from this calibration is 0.99. The value is above
0.80, a good correlation between the NIR spectra and the actual data (reference) [11]. The SEC and SEP
values obtained are 2.54% and 2.55% and the difference in values between the SEC and SEP is small,
indicating that the calibration is also good. The RPD value in this model is 6.80, more than 3 indicating
a very good calibration [11]. The CV of 7.10% and consistency value of 99.66% indicated that the
calibration can be used to predict vanillin content with acceptable accuracy.
The data plot of moisture content predicted by the best NIR calibration using SNV pre-treatment and
PCR calibration versus moisture content reference is shown in Figure 5. The calibration is good and
acceptable. The accuracy is higher than calibration with the original spectra. This shows that the use
of pre-treatment before calibration can improve the accuracy of the calibration [12,17]. More chemical
data especially in moisture content of 22-45% and vanillin content of 1-8% in order to develop the
robust calibration for more accurate prediction of chemical composition of vanilla pods.

4. Conclusion

The best estimation for vanillin content using absorbance spectra with OSC pre-treatment at 3 PLS
factors with the accuracy parameters of r = 0.91, SEC = 1.31%, SEP = 1.34%, CV = 45.60%, RPD =
2.30 with a consistency of 97.96%. The best prediction of vanillin content using PCR method was
obtained with SNV pre-treated spectra at 6 PCR factors with the accuracy parameters of r = 0.89, SEC
=1.47%, SEP = 1.49%, CV =43.21%, RPD = 2.09 and 101.40% consistency. The best estimation for
water content using the PLS method is using the SNV pre-treatment spectra with a PLS factor of 5 with
the accuracy parameters of r = 0.99, SEC = 2.11%, SEP = 2.13%, CV = 6.12%, RPD = 7.98 with
consistency = 98.86%. While using the PCR method, the best estimation for moisture content was also
obtained by SNV pre-treated spectra at 4 PCR factors with the accuracy parameters of r = 0.99, SEC
= 2.33%, SEP = 2.25%, CV = 6.25%, RPD = 7.58 and consistency = 103.90%. The PLS calibration
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provide a better accuracy than the PCR for estimating the chemical content of vanilla pods. The NIR
spectroscopy associated with the selected pre-treatments and factor numbers can be used for
determination of chemical content of vanilla pods.
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