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 High-value and high-volume products, like the Bima Brebes shallots from 
Indonesia, are particularly vulnerable to such fraud. Derivative 
spectrophotometric fingerprinting combined with chemometrics was 
used to distinguish between authentic and adulterated shallot varieties. 
The aim of this study was to identify the original spectra and their 
derivative spectrophotometric fingerprints, as well as classify and 
differentiate between shallot varieties using chemometrics. UV-Visible 
(UV-Vis) spectrophotometry was used to test essential oil (EO) samples 
from three shallot varieties and their mixtures, followed by spectral 
derivatization. The spectral data revealed unique patterns for each 
sample, encompassing individual varieties and mixtures. Subsequently, 
this data underwent analysis using Principal Component Analysis (PCA) 
and Partial Least Squares-Discriminant Analysis (PLS-DA). The original 
spectra and their derivatives showed similarities across the samples. The 
results of the PCA and PLS-DA analyses demonstrate that the second-
order derivative data produced the most distinguishable separation. 
Principal Component 1 (PC1) and Principal Component 2 (PC2) yielded 
values of 62.2% and 60.1%, respectively. Additionally, the wavelength with 
the highest Variable Importance in the Projection (VIP) score was 
determined to be 225 nm. The PLS-DA results were validated to ensure 
that the model was not overfit, as evidenced by a satisfactory cross-
validation quality (Q2/R2) value of 0.693 and a significant permutation 
test. The combination of derivative spectrophotometry fingerprinting and 
a chemometric approach effectively classified different samples, allowing 
for the determination of the authenticity of a specific shallot variety. 
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1. INTRODUCTION 
Food products are often adulterated by substituting cheaper ingredients or misleading customers 
about their value [1]. High-value and high-volume products, like the Bima Brebes shallots from 
Indonesia, are particularly vulnerable to such fraud. This highlights the necessity for authentication 
methods. Although visually similar, different varieties of shallot bulbs have distinct secondary 
metabolites, such as essential oils (EOs), that affect aroma and flavor quality [2]. Organoleptically, it 
is difficult to distinguish these mixed varieties, which is why fingerprinting technology provides a 
reliable, quick, and reproducible authentication method [3]. Gas Chromatography-Mass Spectrometry 
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(GC-MS) is a widely used technique for profiling EO samples. However, it has limitations, such as long 
analysis durations and high expenses[4]. 

Spectrophotometry can be a cost-effective alternative for developing authentication methods, 
as it requires easy sample preparation and does not damage the sample [5]. Ultraviolet-visible (UV-
Vis) spectrophotometry can detect cycloartenol compounds in various shallot varieties, such as Bima 
Brebes, through their EOs [2, 6]. However, UV-Vis spectrophotometric fingerprinting produces 
complex spectra with overlapping spectral interference due to limited selectivity. A spectral pre-
processing algorithm called statistical spectra derivatization can address this issue [7]. Derivative UV-
Vis spectrophotometry enhances spectrum fingerprints, reduces noise, and improves clustering 
between samples by derivatizing zero-order spectra to first or higher derivatives [7, 8, 9]. However, 
sample fingerprint spectra generate a large amount of data and may exhibit similarities between 
different shallot variety samples, which requires the use of chemometrics for multivariate analysis [10]. 

Chemometric models, such as Principal Component Analysis (PCA) and Partial Least Squares 
Discriminant Analysis (PLS-DA), are valuable tools for comparing sample datasets, identifying 
similarities, detecting clustering patterns among varieties, and developing reliable models for 
classifying unknown objects [1]. These models have been combined with UV-Vis spectrophotometric 
fingerprinting techniques for plant sample authentication [11, 12]. For instance, UV-Vis spectroscopy 
with PCA-based chemometrics identified counterfeit Arabica and Robusta coffee, resulting in robust 
pure and mixed models [11]. Another study was conducted to identify counterfeit paprika using high-
performance liquid chromatography with a fluorescence detector (HPLC-FLD) fingerprinting 
instrument. This study employed partial least squares (PLS) and n-way partial least squares (N-PLS), 
showing that N-PLS with second-order data provided more accurate results than PLS with first-order 
data [12]. Additionally, a study on classifying medicinal plants using derivative spectra from UV-Vis 
spectrophotometry and chemometrics demonstrated better sample grouping with first derivative 
spectra compared to zero-order spectra [7]. 

Previous studies have focused on other agricultural products, but there has been no specific 
research on using this approach for shallots. In this study, we aimed to fill this gap by using UV-Vis 
spectrophotometric techniques and chemometrics to authenticate shallots. By analyzing the grouping 
profile of both original and derivatized fingerprinting spectra, we determined the classification of each 
shallot variety and confirmed their authenticity. 

 
2. RESEARCH METHOD 

This study employed an experimental design to analyze and classify shallot varieties based on their EO 
profiles using UV-Vis spectrophotometry and chemometric analysis, following these steps: 

2.1. Collection and Preparation of Shallot Samples 
Samples of three shallot varieties—Bima Brebes, Bauji, and Maja Cipanas—were obtained from farmers 
in Brebes, Lembang, and Nganjuk, respectively. Each variety had blue label certification. A total of 5 
kg of shallots were collected per variety, resulting in 15 kg in total. The shallots were randomly selected 
from different farms to ensure a representative sample. They were washed under running water for 5 
minutes to remove soil and impurities, then drained for 15 minutes to remove excess water. Each 
sample was finely sliced to increase surface area and facilitate the release of EO. 

2.2. Essential Oil Extraction and Fractionation 
The Stahl distillation method, which is a modified version of the original method developed by other 
researchers, was used for the extraction process [13]. First, 3 kg of each shallot variety were added to a 
distillation flask. After distillation, the distillate was separated by liquid-liquid fractionation to isolate 
the EO, ensuring efficient extraction from each shallot variety. 

2.3. Organoleptic Observation of Shallot Essential Oil 
Organoleptic test of shallot EO was conducted by observing the color, aroma, and consistency of EO 
in each shallot variety [14]. This qualitative assessment provided initial insights into the sensory 
characteristics of the oils. 
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2.4. Preparation of Shallot Essential Oil Samples 
The samples used in this study were divided into two categories: EO samples without any mixture and 
mixed EO samples created by combining the oils from different varieties. Both types of samples were 
diluted 50,000 times to achieve optimal absorbance through multiple stages of dilution. Mixed samples 
were prepared by combining oils from two varieties in a 1:1 ratio and following the same dilution 
method as the unmixed samples. 

2.5. Analysis by UV-Vis Spectrophotometry Derivative Fingerprinting 
This study modified the methodology of Johnson et al. [4]. Samples of EO were prepared, and their 
UV-Vis spectra were obtained using a Shimadzu UV-1780 UV-Vis spectrophotometer from Japan. The 
spectra were collected at 1 nm intervals between 200 and 800 nm using a quartz cuvette. Before the 
measurements, the instrument was calibrated using 100% n-hexane p.a. as a blank [4]. The data 
obtained is the absorbance profile and wavelength of the sample. The data collected included the 
absorbance profile and wavelength. The UV-Vis spectra were then pre-processed through 
derivatization, from first to third orders, using UV-Probe 2.70 software. 

2.6. Chemometric Analysis 
The UV-Vis data will be analyzed using MetaboAnalyst 6.0 software. This analysis will involve entering 
absorbance values from UV-Vis spectrophotometric fingerprinting derivatives, with at least three 
replicates per sample. PCA and PLS-DA will be used to classify the shallot varieties based on their 
spectral data [15]. 

3. RESULTS AND DISCUSSIONS 

3.1. Extraction of Essential Oil from Shallots 
Extraction is conducted to isolate the EO found in shallots. The Stahl water distillation method was 
utilized for extraction in this study. The EO extraction results presented in Figure 1 show uniform EO 
color, which is a clear yellowish hue, the aroma is typical of shallots, and slightly thick liquid 
consistency. However, the EO of shallots from the bima brebes variety has a stronger aroma than the 
bauji and maja cipanas varieties. 

 
Figure 1. Color of EO from three shallot varieties. (a) bima brebes variety, (b) bauji variety, (c) maja cipanas variety. 

The EO yields for the three shallot varieties were: bima brebes with 0.156 ml from 3,000 grams of bulbs 
(0.005% v/b), bauji with 0.200 ml (0.006% v/b), and maja cipanas with 0.100 mL (0.003% v/b). The 
bulb size and weight correlate with water and EO content, as larger bulbs generally produce more EO 
[16]. Specifically, bima brebes has an average bulb diameter of 20.89 cm, bauji 22.16 cm, and maja 
cipanas 19.46 cm [17]. Consequently, bauji, with the largest diameter, yields the most EO, while maja 
cipanas, with the smallest diameter, yields the least. Thus, bauji produces the highest EO yield among 
the varieties studied. 

3.2. Derivative Fingerprinting UV-Vis Spectrophotometric Analysis. 
Fingerprinting is an analytical method used to obtain information from a sample based on its chemical 
components [18]. UV-Vis spectrophotometry, operating across 200-800 nm, generates fingerprinting 
profiles to analyze various shallot EOs, distinguishing between mixed and unmixed samples. In this 
study, the entire 200-800 nm range was analyzed to capture the complete absorbance spectrum of the 
samples. Figures were cropped to focus on regions with significant spectral features, ensuring clarity 
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and high resolution. Figures 2a-2h display the most critical wavelength ranges, highlighting differences 
between shallot varieties. The results, shown as wavelength vs. absorbance spectra, cover both 
unmixed and mixed EOs. Second derivative UV–Vis spectrophotometry (SDUVS) improves resolution, 
reduces interference, and provides detailed analysis of overlapping bands in organic mixtures [19]. This 
technique is ideal for the precise analysis of complex essential oils. Figure 2 includes the zero, first, 
second, and third-order derivatized spectra. 

 
Figure 2. Spectra of EOs from various shallot varieties and their mixtures (1:1 v/v). (a) Zero-order spectra of EO without 

mixture, (b) Zero-order spectra of EO mixture, (c) First-order spectra of EO without mixture, (d) Second-order spectra of EO 
without mixture, (e) Third-order spectra of EO without mixture, (f) First-order spectra of EO mixture, (g) Second-order 

spectra of EO mixture, (h) Third-order spectra of EO mixture. 
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The zero-order spectra of EOs from unmixed shallot varieties in Figure 2a shows similar maximum 
wavelengths. Bima brebes and maja cipanas both peak at 253 nm, while bauji peaks at 254 nm. The 
spectra shapes of bima brebes and maja cipanas are also similar, with dominant peaks at 223 nm and 
254 nm for bima brebes, and 220 nm and 254 nm for maja cipanas. This aligns with findings by Johnson 
et al. who observed predominant peaks in tea tree oil’s EOs and eucalyptus EOs between 204 and 221 
nm, attributed to π→π and n→π electron transfers [4]. The absorbance values associated with these 
wavelengths indicate that higher absorbance corresponds to a higher concentration of cycloartenol or 
other compounds present at these specific wavelengths. Cycloartenol, a triterpenoid compound, is 
present in the EOs of bima brebes, bauji, and maja cipanas varieties [2].  

Triterpenoids, such as cycloartenol in shallot essential oil, absorb UV light within the 220-275 
nm range, with peaks typically around 225 nm and 272.5 nm [6]. This indicates that triterpenoid 
compounds play a role in the absorbance observed in the 220-254 nm region, along with other 
compounds present in shallot EO. However, bauji EO spectra differ from the other varieties in the 220-
223 nm range, likely due to the presence of 16,28-secosolanid-5-en-3-ol, (3.beta.), which has a predicted 
maximum wavelength of 228 nm using the Woodward-Fieser rule [2], [20]. Differences between 
predicted and observed wavelengths may result from chromophore distortion and compound 
complexity [20]. Previous studies, such as Kucharska-Ambrożej et al. [21], have noted similar spectral 
patterns for EOs of mint species, where bands at 220 nm and 240-270 nm correspond to π→π and n→π 
electron transfers, though the specific band locations can vary depending on the presence of 
chromophores and their interactions. 

Furthermore, it is known that the zero-order spectrum of mixed EO between different shallot 
varieties in Figure 2b exhibit similar overall spectrum shape and maxima at the maximum wavelength, 
resulting in visual similarity. Specifically, the maximum wavelength of the mixed sample between bima 
brebes and bauji varieties is 253 nm. The EO of the mixed maja cipanas-bima brebes varieties also has 
a maximum wavelength of 253 nm. However, the EO of the mixed maja cipanas-bauji varieties has a 
slightly different maximum wavelength of 254 nm. 

The mixed bima brebes-maja cipanas spectra show only one prominent maxima, while both 
unmixed varieties have spectra with two dominant peaks. This phenomenon can be attributed to 
spectral interference, which occurs when the spectra of two overlapping or adjacent peaks interact 
with each other [22], which can be minimized by derivatization to enhance resolution [7]. The similar 
spectrum shapes among the three mixture samples make it difficult to determine the authenticity of 
"bima brebes" in the shallot EO mixture, necessitating further chemometric analysis. 

The first-order derivatization results show that the absorbance peak at the maximum 
wavelength is reduced to zero, with the first order starting and ending at zero, forming one maxima 
and one minima [23]. When examining the first-order spectra of unmixed EOs in Figure 2c, distinct 
spectral peaks are observed among varieties. The zero-order spectra of the three shallot varieties 
exhibit noise in the 200-213 nm region, which is resolved in the first-order spectra. The reduction of 
the absorbance peak at the highest wavelength to zero is a key characteristic of first-order 
derivatization, leading to the formation of one maxima and one minima from the zero-order spectra. 

The first-order spectra of mixed EOs from different shallot varieties in Figure 2d appear similar 
when visually analyzed. However, when compared to the zero-order spectra of individual EO in Figure 
2a from the same varieties, the mixed varieties spectra show some differences. The zero-order spectra 
of unmixed bima brebes and maja cipanas varieties are nearly identical, and when mixed with the bauji 
variety, the first-order spectra become similar. Initially, the mixed spectra show noise at 200-217 nm, 
but this is resolved by first-order derivatization. The three mixtures between varieties form a dominant 
maximum at 242 nm and a minimum at 267 nm, making it difficult to visually distinguish between 
them. Therefore, further chemometric analysis is needed to verify the authenticity of a particular 
shallot variety. 

The second-order derivatization results show a maximum absorbance peak transitioning into 
a minima at the maximum wavelength, along with the formation of two dominant maxima, or satellite 
bands [24]. When visually examining the second-order spectra of unmixed EOs in Figure 2e, distinct 
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peak shapes are observed between shallot varieties, featuring two dominant maxima and one minima 
at the maximum wavelength. The second-order spectra of bima brebes-bauji and maja cipanas-bauji 
EOs are similar, but the bima brebes-maja cipanas spectra differ from the others in Figure 2f.  

The spectra of the mixed EO of bima brebes-bauji and maja cipanas-bauji varieties display a 
minimum at a wavelength of 256 nm, while the mixture of bima brebes-maja cipanas varieties is located 
at a wavelength of 255 nm. The maximum wavelength in the second-order spectra of each sample 
slightly differs from the maximum wavelength at zero order due to the impact of the solvent used on 
the spectral shift towards shorter or longer wavelengths in the second-order spectra [25]. Furthermore, 
the second-order spectra of the unmixed bauji variety EO exhibit one prominent maxima and an 
additional minimum at wavelengths of 217 and 226 nm, respectively. This suggests that derivatization 
of the spectra can enhance the resolution of the obtained peaks, as the bauji variety only has one clear 
dominant peak at zero order. 

The third order also has two dominant maxima and two minima, with absorbance at the 
maximum wavelength being zero, similar to the first order [26]. Unmixed EOs spectra in Figure 2g 
showed third-order characteristics and distinct spectral shapes among varieties. The mixed EOs of 
bima brebes-bauji and maja cipanas-bauji varieties are almost identical, while the bima brebes-maja 
cipanas blend shows noticeable differences in Figure 2h. Despite conforming to ideal third-order 
characteristics, all samples exhibit noise at 200-220 nm in the third-order spectra. As the derivatization 
order increases, the signal-to-noise ratio decreases, making further derivatization unnecessary if good 
results have already been achieved [25]. 

3.3. Chemometric Analysis 
The authenticity of shallots can be determined through chemometric analysis techniques such as PCA 
and PLS-DA. These methods utilize zero, first, second, and third-order spectra within the wavelength 
range of 200-800 nm. PCA is a multivariate statistical method that synthesizes information from 
multiple variables observed in the same subject into principal components (PCs) [27]. By identifying 
genuine differences in samples, PCA ensures that PLS-DA functions based on the actual pattern rather 
than known sample groups [28]. Additionally, PLS-DA generates scores plots similar to PCA [29]. 
However, the sample points in PLS-DA tend to be more tightly grouped as it is a supervised approach 
that takes into account the category of each sample prior to analysis. 

The scores plots in Figure 3a-3d show the results of PCA analysis. PC1 and PC2 are responsible 
for the majority of variation in the analyzed samples for each order. These components form a plot 
that visually represents the proximity between different sample types. The close clustering of points 
confirms the successful classification of shallot samples based on spectral data, addressing our 
objective of determining grouping profile of shallot varieties. Points clustered together indicate similar 
chemical profile, while those far apart reflect differences in chemical profiles between samples [29]. 

When considering the values of PC1 and PC2, it becomes clear that the first order in Figure 3b 
is the most optimal. This is because the combination of the first two PCs is able to account for a 
substantial 95.8% of the total variability, with PC1 being particularly influential. This implies that a 
significant amount of spectral data can be accurately represented using just these two components. 
Furthermore, the scores plot in PLS-DA (Figures 3e-3h) also illustrates successful classification by 
showing Components 1 and 2 for each order, confirming the grouping of the shallot samples and 
supporting the authenticity determination. In PLS-DA, the first order has the highest values for 
Components 1 and 2, enabling these two components to explain 95.6% of the total variability. 

The second-order spectra in particular (Figure 3g) show the most distinct separation of 
samples, making it the most effective for differentiating shallot varieties. Despite some overlap 
between the bauji variety and the Bauji-Bima Brebes mixture due to their similar chemical profiles, the 
classification still aligns with the study’s objective of establishing authenticity among the shallot 
varieties. Overall, the PCA and PLS-DA scores plots indicate the second order derivatization achieves 
the best separation/classification compared to the zero, first, and third orders. 
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Figure 3. The scores plots of PCA (a-d) and PLS-DA (e-h) from chemometric fingerprinting analysis. (a,e) Zero order, (b,f) First 

order, (c,g) Second order, (d,h) Third order. 
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Comparing our findings with previous research, Barbosa et al. applied PCA and PLS-DA to authenticate 
paprika using Ultra High-Performance Liquid Chromatography Coupled with High-Resolution Mass 
Spectrometry (UHPLC-HRMS) [30]. In their study, distinct clustering of paprika samples indicated 
clear groupings related to authenticity. Similarly, our study applied PCA and PLS-DA to UV-Vis 
spectrophotometry data, successfully clustering shallot samples based on their essential oil profiles. 
Unlike the chromatographic data used in Barbosa’s study, UV-Vis spectrophotometry is simpler and 
more cost-effective, yet still effective for authentication. 

PLS-DA also includes a Variable Importance in the Projection (VIP) score for each variable. 
The VIP score signifies the significance of each variable in the projections used in the PLS-DA model 
[31]. VIP scores greater than 1 are considered to have a significant impact on the PLS-DA model [32]. 
In this study, wavelengths with VIP scores above 1 play a crucial role in clustering samples. The second 
order, which exhibits the best results in chemometric analysis, also has the highest VIP score. This is 
because it corresponds to a wavelength that does not include noise in the overall spectra of each 
sample, and it is known to contain triterpenoid compounds in the form of cycloartenol. The highest 
VIP score value, observed at a wavelength of 225 nm with a score of 3.8388, was derived from the PLS-
DA chemometric analysis of the second order. This wavelength value indicates the significance of this 
wavelength in distinguishing between shallot samples, emphasizing its importance in the 
chemometric model.  

PLS-DA models can be validated using two different approaches, internal validation and 
external validation. Internal validation, specifically cross-validation (CV), is employed when the 
dataset or sample size is limited (<50) [33]. The validation test is conducted on the second order, which 
produces the best separation. In addition to CV, a permutation test is also performed to validate the 
PLS-DA model. This test determines whether the differences found between groups are significant or 
not. A permutation of 20,000 times is carried out on the second-order dataset. 

The results of the CV with Leave-one-out cross-validation (LOOCV) method for the second order 
are as follows: R2 value of 0.85517, Q2 value of 0.59265, and a Q2/R2 ratio of 0.69302. The Q2 value 
indicates that the variation shown by the 2 components provides the best accuracy for the prediction 
model. A Q2/R2 ratio greater than 0.5 signifies significant correlations [34]. Since the second order has 
the highest R2, Q2, and Q2/R2 ratio values, we can conclude that the resulting separation is not overfit 
and is valid for predicting the authenticity of shallots. Furthermore, the validation of the PLS-DA 
model through CV and permutation tests confirms the robustness of the second-order model. The p-
value for the second order is <0.0005. This result indicates that the observed separation is statistically 
significant and unlikely to be due to random chance [15].   

Overall, our study demonstrates that chemometric analysis using PCA and PLS-DA is a reliable 
and effective approach for authenticating shallot varieties. The second-order spectra provided the most 
accurate classification, successfully addressing the research gap related to the authentication of shallot 
varieties using UV-Vis spectrophotometry. This methodology holds potential for broader application 
in agricultural product authentication, contributing to quality control and economic protection. 

4. CONCLUSION 
This study shows that zero-order UV-Vis spectra and their derivatives exhibit consistent patterns 
across different shallot EO varieties. Using fingerprinting derivative UV-Vis spectrophotometry 
combined with PCA and PLS-DA, we accurately classified each variety, with second-order techniques 
proving most effective. This research enhances spectrophotometric analysis, providing robust methods 
for shallot authentication and quality control in the food industry. The findings address our research 
questions, confirming the generation of spectra patterns and successful classification through these 
techniques. However, the focus on specific shallot varieties under controlled conditions limits the 
study. Future research should explore broader shallot varieties and additional chemometric methods. 
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