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Abstract. Basundari FRA, Sulistyaningsih E, Murti RH, Nuringtyas TR. 2021. Metabolite profile of two Allium cepa L. aggregatum group 
cultivars by Nuclear Magnetic Resonance. Biodiversitas 22: 3127-3135. Shallot, an Allium species with high economic value, is widely 
cultivated in Indonesia. The species includes numerous cultivars with unique characteristics, such as harvesting time, yield, taste, odor, 
and bulb color. Tuk Tuk and Trisula, the cultivars used in this experiment, have different bulb colors. Tuk Tuk’s bulb color is light red, 
while that of Trisula is dark red. This color difference may be attributed to variations in the metabolite contents of the shallot bulbs. The 

present experiment aimed to reveal differences in the metabolite contents of the two shallot cultivars by using Nuclear Magnetic 
Resonance (NMR) and then determine the specific metabolites contributing to these differences. Bulbs of Tuk Tuk and Trisula were 
planted in the field under the same conditions and then collected. The bulb samples were powdered, freeze-dried, and subjected to a 
two-phase extraction method with CDCl3 and D2O as solvents to separate the nonpolar metabolites from polar ones. The extracts were 
analyzed by 1H-NMR, and the spectra collected were analyzed using MNOVA software and Metaboanalyst.ca. A total of 23 metabolites 
were successfully identified and characterized in this experiment. The contents of eight of these metabolites, namely, sucrose, 
glutamine, citric acid, choline, methiin, propiin, threonine, and formic acid, were significantly higher in Trisula than in Tuk Tuk. These 
differences may be correlated with variations in the color intensity, pungency, and other traits of the cultivars. The results demonstrate 

that NMR metabolite profiling could effectively differentiate metabolite profile variations among shallot cultivars.  
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INTRODUCTION 

Allium, one of the most important horticultural crops in 

the world, is cultivated under various climatic conditions. 
Shallot is a high-value Allium species that is widely grown 

in Indonesia. The species includes many varieties that have 

been developed by both the government and private sector 

on account of their specific characteristics, such as yield, 

disease resistance, taste, odor, and color. Sulistyaningsih et 

al. (2020) reported that superior accessions with high bulb 

yield could be developed from the true seeds of shallot. 

Roldan et al. (2014) and Dong et al. (2015) revealed that 

plant phenotypes are affected by the synthesis and 

accumulation of metabolites in a specific organ, growth 

stage, or environmental condition. Thus, cultivars may 
feature various plant metabolites or tissue characteristics in 

specific organs.  

Tuk Tuk and Trisula are two shallot cultivars frequently 

grown by farmers in Indonesia. These cultivars are well 

adapted to lowlands and usually planted in the dry season. 

The cultivars show similarities in several characteristics, 

such as seed and flower color and number of leaves in each 

bulb. However, these cultivars can also be easily 

differentiated according to their morphological 

characteristics, especially bulb color. In addition, Tuk Tuk 

has a round-shaped bulb, while Trisula has a cone-shaped 

one. Hong et al. (2016) suggested that variations in 

metabolite compounds may cause differences between the 
cultivars. Thus, a comparison of the metabolic profiles of 

these two cultivars would be of great interest.  

Nuclear Magnetic Resonance (NMR) metabolomics is 

extensively applied in plant metabolomics (Jahangir et al. 

2018). This approach has proven to be effective in 

differentiating the characteristics of cultivars of certain 

species, such as the flower color of Catharanthus roseus 

(Pan et al. 2014) and resistance to root-knot nematode of 

tomato (Afifah et al. 2019). NMR metabolomics involves a 

wide range of metabolites, including primary metabolites, 

such as sugar, organic acids, and amino acids, and 
secondary metabolites, such as flavonoids, alkaloids, and 

terpenoids. Holmes et al. (2006) and Jahangir et al. (2018) 

reported that NMR metabolic profiling can characterize 

and identify different metabolite profiles at the tissue and 

even cell level within the same plant. NMR metabolite 

profiling of Allium species has been conducted for garlic 

and onion (Jo et al. 2020; Saviano et al. 2019) but not 

shallot bulb. Thus, the present study was designed to 

collect the metabolite information of two shallot cultivars 

possessing different morphological characteristics. 
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MATERIALS AND METHODS 

Plant materials  

Two cultivars, Tuk Tuk and Trisula, were used in this 

experiment. Seven bulbs of each cultivar were grown in the 

field under similar conditions and then collected in 

September 2019. Each fresh bulb was cut into small pieces 

and pulverized with a mortar and pestle in liquid nitrogen. 

The samples were freeze-dried for 72 h to remove their 

water content and then prepared for 1H NMR analysis. 

Bulb color characterization 
Tuk Tuk and Trisula bulbs were harvested from the 

field, dried to remove approximately 20% of their water 

content, and then kept in a net bag for 2 months. The Royal 

Horticultural Society (RHS) color chart was used to 

identify the skin and flesh color of the shallot bulbs. 

Sample preparation for 1H-NMR  
1H NMR sample preparation was conducted according to 

the biphase extraction method described by Schripsema 

and Dagnino (2018) with a slight modification. Two 

internal standard solutions (ISSs) were used in this 

experiment. The first ISS (ISS1) consisted of 2.5 mg of 
trimethylsilyl-3-propionic acid (TMSP) in 5 ml of D2O, 

and the second one (ISS2) consisted of 2 mg of TMS in 4 

ml of CDCl3. Approximately 100 mg of the dried samples 

was carefully weighed and placed in a 2 ml Eppendorf 

tube. Exactly 0.80 ml of D2O was added to the tube to wet 

the sample thoroughly. Next, 0.80 ml of CDCl3 was added 

to the tube. The mixture was vortexed and placed in an 

ultrasonicator for 10 min. After incubation, the mixture was 

centrifuged at 12000× g for 10 min. Exactly 0.10 ml of 

ISS1 was added to an NMR tube, and 0.5 ml of the D2O 

phase (upper phase) was extracted from the Eppendorf tube 
and transferred to the same NMR tube. The NMR tube was 

sealed and placed in a vortex mixer to combine the extract 

and ISS1 completely. Another NMR tube was prepared, 

and added with 0.10 ml of ISS2. The CDCl3 phase (lower 

phase) was pipetted out from the Eppendorf tube and then 

loaded into the NMR tube containing ISS2. The tube was 

sealed and vortexed to mix the extract and ISS2. Thus, two 

NMR tubes, one containing D2O extracts and another 

containing CDCl3 extract, were prepared for NMR 

analysis.  

NMR experiments 
1H-NMR was conducted at 30 °C by using a 500 MHz 

spectrometer (JEOL, USA). A total of 128 scans were 

conducted over 10 min under the following parameters: 

0.16 Hz/point, pulse width of 30 (11.3 ms), and 26 s 

acquisition time with relaxation delay of 1.5 s. Pre-

saturation mode was applied to reduce the excess water 

signal. The internal lock was set to the deuterated solvent. 

The spectral width was recorded from 0 to 10 ppm.  

Data analysis 

The 1H-NMR spectra were analyzed using MNOVA 

software. The spectra were processed by manual phasing, 

baseline correction, and calibration to internal standard 

solution signals (TMSP) placement at the chemical shift of 

0.0 ppm. Metabolites were identified by comparison with 

the data in a metabolite database as described in previous 

research (Kim et al. 2010; Jo et al. 2020; Ritota et al. 2012; 

Saviano et al. 2019). Semi-quantitatively signal analysis 

was performed by comparing the area of a signal to that of 

the corresponding internal standard. Multivariate data 

analysis via principal component analysis (PCA) and 

partial least-squares discriminant analysis (PLS-DA) was 

performed using Metaboanalyst software 
(Metaboanalys.ca). The spectra were centered and scaled 

using the autoscaling method. The predictive ability of the 

model (Q2) was calculated via cross-validation, and a 

permutation test was performed to determine the statistical 

significance of the model. The t-test and PatternHunter 

analysis were used to check significant differences and the 

correlations of metabolites between the two cultivars. 

Important compounds in the model were assessed by 

variable importance of projection (VIP) scores. A VIP 

score of >1 indicates that the variable contributes to the 

cultivar’s variance. Finally, the identified metabolites were 

statistically analyzed by ANOVA with  = 0.05; if a 
significant result was obtained, post-hoc analysis using 

Tukey’s test was conducted to see the difference.  

RESULTS AND DISCUSSION 

Bulb characteristics 

Tuk Tuk and Trisula have round and cone-shaped 

bulbs, respectively. According to the RHS color chart, Tuk 

Tuk skin is gray-red in color (178-A), while Trisula skin is 

red-purple in color (61-A) as it can be seen in Figure 1-A1 

and 1-B1. The flesh color of Tuk Tuk bulbs is purple (77-

B), while that of Trisula bulbs is red-purple (71-A). The 

flesh color photos (Figure 1-A2 and 1-B2) were taken with 

the RHS color chart card as the background, which has the 
same color as the bulb from each cultivar. 
 

 
 

 

Figure 1. The skin (1) and flesh of bulb (2) color of Tuk Tuk (A) 
and Trisula (B) according to the Royal Horticultural Society color 
chart. Tuk Tuk skin is gray-red (178-A) in color, while that of 
Trisula is red-purple (61-A). Tuk Tuk flesh  is purple (77-B) in 
color, while that of Trisula is red-purple (71-A) 
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Figure 2. Representative of 1H-NMR spectra of shallot bulb extracted using D2O (A) and CDCl3 (B) solvent 
 

 
 

Assignment of 1H NMR signals 

The 1H-NMR spectra of the shallot bulbs were divided 

into three regions, i.e., amino acids, sugars, and aromatics 
ranging from 0.0 ppm to 3.0 ppm, from 3.0 ppm to 5.5 

ppm, and from 5.5 ppm to 8.6 ppm, respectively. The polar 

extract was dominated by the high-intensity peaks of 

sugars. Minor signals from amino acids and aromatics were 

also observed (Figure 2A). The spectra collected from the 

CDCl3 extract were not analyzed in this study because the 

chemical compounds detected could not be identified on 

account of the limited data available in the database. 

However, the nonpolar extract yielded less signals 

compared with those obtained from the polar extract 

because the collection of crowded signals at 0.5–2.0 ppm, 

which belong to long hydrocarbon chain, were eliminated 
by the CDCl3 extract (Figure 2B). Thus, the spectra 

collected from the D2O extract were further analyzed. 

A total of 23 metabolites were identified in this 

research, as detailed in Table 1. The amino acids identified 

included isoleucine, threonine, cycloalliin, alanine, 

arginine, GABA, glutamate, glutamine, methiin, propiin, 

glycine, phenylalanine, tryptophan, and histidine. The 

sugars identified were -glucose, -glucose, and sucrose. 

Finally, the organic compounds identified included acetic 

acid, citric acid, fumaric acid, formic acid, and succinic 

acid. Choline was also identified in this study. 

 Multivariate data analysis 
As the first step of multivariate data analysis, the 

metabolites identified in both cultivars were analyzed by 

PCA. The five-component model explained 92% of the 

total variance observed. Among the five components, the 

first two components explained 71.5% of the variance. 

However, the model did not result in good separation 

between the two cultivars (Figure 3A). Hence, PLS-DA 

was conducted. The five components assessed in the PLS-

DA were found to explain 88.9% of the total variance. 

PC1and PC2 explained 45.5% and 10.7%, respectively of 

the variance observed. The score plot obtained showed that 
Tuk Tuk and Trisula could be well separated from each 

other. Tuk Tuk was located in the positive quadrant 

whereas Trisula was located in the negative quadrant of 

PC1 (Figure 3B).  

 

Sugar region Aromatic region Amino acid region TMSP 

A 

B 
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Figure 3. Score plots obtained from the (A) principal component analysis and (B) partial least-squares discriminant analysis of the 
metabolite profiles of Trisula (red ellipse) and Tuk Tuk (green ellipse). (C) Cross-validation and (D) permutation test statistics 
confirming the ability of the PLS-DA model to discriminate between the metabolite profiles of the two cultivars. The asterisk symbol (*) 
shows the optimum number of components included to make the reliable model 
 
 

Q2 was calculated through cross-validation to estimate 

the predictive ability of the PLS-DA model. When R2 = 1 

and Q2 = 1,  the model could perfectly describe and predict 

the data, respectively (Triba et al. 2015). In this work, the 

PLS-DA model yielded a Q2 of 0.64 and R2 of 0.7 (Figure 

3C). This result indicates that the model is reliable for 

multivariate analysis. This finding is supported by Leiss et 

al. (2009), who indicated that Q2 is a good value if it is 
greater than 0.5 (Q2 > 0.5). A permutation test was 

conducted to determine whether the null hypothesis would 

be rejected on the basis of the p-value. The result of this 

test showed that the observed statistics have a p-value of 

>0.05 (Figure 3D). This finding reveals that the mean 

difference in metabolites between the two cultivars is 

statistically significant. Overall, these results indicate that 

the PLS-DA model for metabolite profiling developed in 

this study is trustworthy.  

The t-test and PatternHunter analysis were employed to 

evaluate significant differences and the correlations of 

metabolites of two cultivars. The t-test result showed that 

there were eight metabolites with a level of significance (p-

value) less than 0.05 (p < 0.05). Those metabolites were 

methiin, citric acid, sucrose, propiin, glutamine, choline, 

threonine, and formic acid. To investigate the correlation 

coefficient among metabolites found in shallot, a further 

analysis using PatternHunter based on feature of interest 

was performed. By using a pattern of interest of citric acid, 

the result showed that all of the metabolites had a positive 
correlation with citric acid. However, only eight 

metabolites had correlation coefficient (r) value greater 

than 0.5, and it was linear with the result of t-test analysis 

(Figure 4).  

The advantage of using PLS-DA is the ability to 

calculate VIP scores, which reflect the importance of a 

variable in the model. VIP scores are well known to be 

useful in selecting important variables contributing the 

most to the observed variance. A VIP score of >1 is 

generally used as a criterion for variable selection (Farrés 

et al. 2015). According to the VIP score graph in Figure 5, 

eight metabolites have VIP scores >1.  
 

A B 

D C 
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Figure 4. Coefficient correlations and p-values of the metabolite profiles of Tuk Tuk and Trisula. The p-values on the left side of the 

graph indicate the level of significance of differences in metabolites between the two cultivars. The correlation coefficients indicated on 
the right side of the graph indicate the strength of the correlation between metabolites and citric acid as a metabolite of interest 
 

 

The metabolites identified in this study were primary 

metabolites and were dominated by sucrose, glutamine, 

citric acid, choline, methiin, threonine, propiin, and formic 

acid. Significant differences in metabolites between the two 
cultivars are illustrated in Figure 6. 

Amino acids 

Threonine, methiin, and propiin were significantly 

higher in Trisula than in Tuk Tuk (Figure 6). Methiin and 

propiin are the chemical compounds of S-alk(en)ylcysteine 

S-oxides (ACSOs), which are considered health-beneficial 

compounds in Allium vegetables (Ramirez et al. 2017). The 

ACSO composition of Allium is affected by various factors. 

Previous studies indicated that the species regulates the 

type of ACSOs obtained, while intra-specific genetic 

variations (e.g., different cultivars) determine the 
concentration of ACSOs. Environmental factors, such as 

growing conditions and sulfur fertilization, and post-

harvest treatment might also influence the contents of 

ACSOs in plants (Ramirez et al. 2017). In the present 

study, the contents of methiin and propiin significantly 

differed between Trisula and Tuk Tuk. A previous study 

revealed that differences in the relative concentration of 

these compounds between Trisula and Tuk Tuk may be 

related to genetic variations. Trisula’s bulb is dark red in 

color, while that of Tuk Tuk is light red. Thus, significant 

differences in the contents of methiin and propiin between 

the cultivars may be related to differences in their bulb 
color. This assumption is supported by Montaño et al. 

(2011), who found that purple-type garlic cultivars have the 

highest contents of alliin and methiin and the strongest 

pungency among different samples of Allium species, and 

Pardo et al. (2007), who demonstrated that purple-type 

cultivars are the most pungent cultivars of garlic. An earlier 

study of shallot indicated that a shallot cultivar with high 

contents of ACSOs, especially methiin and isoalliin, would 

have high levels of pungency (Abdelrahman et al. 2020; 

Ariyanti et al. 2018). Furthermore, Abdelrahman et al. 
(2020) also suggested that high ACSO contents in shallots 

may be attributed to a metabolic adaptation that enables the 

latter to thrive in a hot and humid tropical climate and act 

as an antimicrobial agent against a variety of 

microorganisms as well as a repellent for insects and 

herbivores. Given these findings, the significant difference 

in methiin contents between the two cultivars may also be 

related to their pungency traits and resistance to insects. 

Trisula may have a higher level of pungency and show 

increased adaptation to various insects than Tuk Tuk. 

However, because information on these traits in both 
cultivars is lacking, further studies on this topic are 

recommended.  

The content of threonine was also significantly higher 

in Trisula than in Tuk Tuk. Dhillon and Kumar (2017) 

reported that threonine concentrations are higher in 

Sorghum bicolor seedlings that are resistant to stem borer 

(Chillo partellus) than in the susceptible variety. Threonine 

and other amino acid compounds (e.g., alanine and valine) 

were previously found to affect the resistance of gladiol to 

thrips (Wahyuni 2021). Thus, Trisula may be more 

resistant to abiotic and biotic stress in Tuk Tuk. This 

finding is supported by Abdelrahman et al. (2015), who 
described the threonine and methionine metabolic pathway 

in doubled haploid shallots (A. cepa L. Aggregatum group). 

This report highlighted the correlation between the 

metabolic and genomic datasets and indicated the increased 

adaptability of doubled haploid shallot to abiotic stress 

compared with doubled haploid onion (A. cepa L. Onion 

group).  
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Figure 5. Ranking of eight metabolites identified by variable importance in projection (VIP) scores based on the PLS-DA of Tuk Tuk 
and Trisula. The relative concentration of the metabolite in each group is indicated by the color boxes on the right side of the figure 
  

 

Compared with threonine, methiin, and propiin, 

glutamine was relatively higher than those in shallot. This 

finding agrees with the result of Fredotović et al. (2020), 

who reported that considerable amounts of glutamine are 

obtained in garlic. Glutamine regulates plant growth, 

development, and responses to environmental stress (Qiu et 

al. 2020). It is also known to induce the expression of key 

transcription factor genes involved in the nitrogen and 
stress responses of rice roots (Kan et al. 2015). Under 

drought conditions, drought-tolerant onion genotypes show 

increased expression levels of the vacuolar amino acid 

transporter and amino acid transporter gene (Abdelrahman 

et al. 2020; Khan et al. 2019). Thus, glutamine may help 

shallot cope with drought stress. As no information related 

to the resistance of the cultivars used in this study to biotic 

and abiotic stresses is available, further research on this 

topic is necessary. 

Carbohydrates  

The sugars of shallot consist of -glucose, -glucose, 

and sucrose. Metabolomics analysis revealed that sucrose 

makes up the greatest proportion of sugar and other 
chemical compounds of shallot (Figure 6). This result 

agrees with the findings of Saviano et al. (2019), who 

revealed that 80% of the chemical compounds accumulated 

in onion bulbs are composed of carbohydrates, such as 

glucose, sucrose, and fructans. Sucrose is also the most 

abundant soluble carbohydrate in most onion cultivars 

(Pöhnl et al. 2018). In recent research, carbohydrates were 

reported to be a factor influencing the bulb initiation and 

growth of Allium species (Atif et al. 2020). A previous 

study also reported that abiotic stress tolerance in plants, 

especially drought tolerance, is correlated with 

carbohydrate metabolism. Sugars could modify the 

transcription of various stress-related genes (Abdelrahman 

et al. 2015). 

The sucrose concentration of Trisula was significantly 

higher than that of Tuk Tuk. Genetic variations have been 

suggested to account for this difference. This result agrees 

with findings in leek (Soininen et al. 2014); specifically, 

minor variability in mitochondrial genome levels may be 

observed among leek cultivars. This variability could also 
be altered by environmental factors, such as sulfur supply, 

nitrogen supply, and temperature (Böttcher et al. 2018). 

Lee et al. (2009) demonstrated a correlation between the 

sugar content and pungency level of onion. According to 

the researchers, no relationship exists between either the 

individual or total sugar content and pungency level of 

onion. The flavor compounds that make up the pungency of 

onion could mask the sweetness of sugars. In other words, 

the pungency level of onion could reduce its perceived 

sweetness. Further research should be conducted to 

investigate the role of carbohydrates in Allium species in 

general and shallot in particular. 

Organic acids 

The organic acid compounds identified in this study 

were citric acid and formic acid, and the contents of these 

compounds were significantly higher in Trisula than in Tuk 

Tuk (Figure 6). Citric acid is a plant metabolite that is 

essential for photosynthesis and cellular respiration (Tusei 

2019). It also plays a key role in plants’ mechanisms for 

coping with nutrient shortages, metal exposure, rhizosphere 

plant-microbe interactions, and environmental stress 

(Trejo-Téllez et al. 2012). The relative concentration of 

citric acid in Trisula was higher than that in Tuk Tuk. Thus, 
Trisula may have higher tolerance to environmental stress 

than Tuk Tuk. 
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Figure 6. Metabolites identified as important contributors to the difference between Tuk Tuk and Trisula. Results are presented as the 
mean and standard deviation of the relative concentration.  
 
 

Formic acid contents also significantly differed between 

Tuk Tuk and Trisula. The effect of formic acid in shallot is 

not well known, and the information related to the role of 

formic acid in plants is limited. Formic acid is useful in 

agricultural applications as an animal feed and silage 

additive (Ricke et al. 2020). Berregi et al. (2007) suggested 
that the presence of formic acid in nature can provide 

plants and fruits with an additional protection mechanism 

against diseases caused by bacteria and fungi. For example, 

certain varieties of apples are naturally resistant to such 

diseases. Given the higher concentration of formic acid in 

Trisula compared with that in Tuk Tuk, the former may be 

more disease resistant than the latter.  

Another metabolite demonstrating a significant 

difference in relative concentration between the two 

cultivars is choline (Figure 6). In this study, choline in 

Trisula was significantly higher than that in Tuk Tuk. The 

role of choline in Allium species is yet known. However, 
choline and glycine betaine are known to play important 

roles in osmotic adjustment and responses to environmental 

stress, including drought stress in maize (Gou et al. 2015). 

A study in wheat revealed that choline priming improves 

wheat salt tolerance. Choline promotes glycine betaine 

accumulation, retains beneficial elements (e.g., K+, Ca2+), 

minimizes toxic elements (e.g., Na+, Cl−), and reduces 

oxidative stress. These findings may explain why choline 

priming improves wheat salt tolerance (manifested as 

reduced lipid peroxidation) in terms of increased shoot and 

root fresh mass, dry mass, and relative growth rate under 
NaCl salinity (Salama et al. 2011). Thus, choline may 

affect the ability of Trisula and Tuk Tuk to cope with 

environmental stress. Given its relatively higher choline 

content, Trisula may be more resistant to environmental 

stress, such as drought or salinity, than Tuk Tuk.  

Other studies have revealed that choline is an essential 

nutrient for human health. Choline or its metabolites are 

required for cell membrane structural integrity, methyl 

synthesis, transmembrane signaling, lipid and cholesterol 

transport, metabolism, and cholinergic neurotransmission; 

thus, this substance is essential during the critical period of 
brain growth (Biswas and Giri, 2015). Several vegetables, 

such as soybean and potato, are the major dietary sources 

of choline (Arias et al. 2020). Considering the role of 

choline in transmembrane signaling, the substance may 

help in nutrient absorption. Thus, it could be 

biosynthesized into specific compounds influencing the 

performance of a specific trait. Because Trisula has a 

higher relative concentration of choline and a darker bulb 

color than Tuk Tuk, higher relative concentrations of 

choline may lead to a darker bulb color. In addition, the 

higher relative concentration of choline in Trisula 

compared with that in Tuk Tuk may indicate that the 
former is a better source of nutrition for humans than the 

latter. The findings described above should be investigated 

in future research.  

In conclusion, the NMR metabolomics approach could 

successfully differentiate between the metabolite profiles of 

two shallot cultivars. Specifically, eight compounds mainly 

contribute to the differences between Tuk Tuk and Trisula. 

These metabolites include four amino acids and their 

derivatives, namely, threonine, methiin, propiin, and 

glutamine. Sucrose and two organic acids, including citric 

acid and formic acid, and another metabolite, choline, were 
also found to be significantly different between the two 

cultivars. Further study is needed to investigate the effect 

of these metabolites on the characteristics of the two 

cultivars besides differences in their bulb color. 
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