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Abstract 

 Shallots (Allium ascalonicum L.) contain valuable quercetin glycoside bioactive compounds that undergo complex 

transformations during postharvest storage. This study aimed to elucidate the transformation kinetics of individual 

quercetin compounds under different temperature-light combinations to optimize storage protocols for improved bioactive 

retention. Fresh shallot bulbs were stored using factorial combinations of temperature (15 vs 30 °C) and light conditions 

(darkness vs 18,000 lux). Individual quercetin compounds (quercetin 3,4’-diglucoside, quercetin 4’-glucoside, free 

quercetin, and quercetin 3-glucoside), reducing sugar content, and weight loss were monitored during storage. 

Temperature and light exhibited interactive effects on the kinetics of quercetin transformation. The combination of 15 °C 

with 18,000 lux illumination produced maximum free quercetin accumulation (27.00 g/kg dw) at day 12, substantially 

enhancing bioactive compound concentrations. Higher temperature (30 °C) accelerated conversion rates but reduced 

overall compound stability, with rapid degradation observed in later storage phases. Additionally, storage at 15 °C in 

darkness best maintains reducing sugar stability (64.51 mg/100 g dw), whereas storage at 30 °C with light exposure shows 

a steep decline to 32.89 mg/100 g dw, indicating metabolic instability. These findings provide insight into optimizing 

postharvest storage of Allium crops to retain functional compounds in tropical environments. 

 

Keywords: Allium ascalonicum L., Temperature, Light exposure, Quercetin glycoside, Bioactive retention, Postharvest 
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Introduction 

 Shallots (Allium ascalonicum L.) are members of 

the Alliaceae family and play significant roles in both 

culinary practices and traditional medicine [1]. Shallots 

are distinguished by their unique flavor characteristics, 

as well as their diverse chemical compounds and high 

nutritional content. Shallots exhibit the highest total 

phenolic content (114.7 mg/100 g) among onion 

varieties [2], highlighting their potential as rich sources 

of natural bioactives. These bulbs also contain abundant 

quercetin and related flavonoids, which account for their 

excellent bioactive properties [3]. Among Allium 

species, quercetin and its glycosides are the most 

significant bioactive compounds, contributing to various 

health-promoting activities, including antimicrobial, 

anti-inflammatory, antiviral, and anticancer properties, 

as well as strong antioxidant properties that neutralize 

harmful free radicals, minimize oxidative damage, and 

maintain cellular integrity [4,5]. These properties make 

quercetin compounds valuable targets for the 

development of functional foods and therapeutic 

applications [6,7]. 

 Shallots contain several forms of quercetin 

compounds, with glycosylated derivatives being the 
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predominant forms. Total quercetin content in shallots 

comprises 4 distinct forms: Quercetin 3,4’-diglucoside 

(Q3,4’-diglucoside), quercetin 4’-glucoside (Q4’-

glucoside), quercetin 3-glucoside (Q3-glucoside), and 

free quercetin aglycone. In fresh shallot tissue, over 99% 

of quercetin exists in glycosylated forms, primarily as 

Q3,4’-diglucoside and Q4’-glucoside, each constituting 

approximately 49% of total quercetin content (4.93 ± 

0.03 µmol/g) [3]. The quercetin transformation process 

involves beta-glucosidase enzymes that progressively 

remove sugar molecules (Figure 1). Q3,4’-diglucoside 

is hydrolyzed to obtain Q4’-glucoside, which transforms 

into free quercetin with maximum bioactive potency as 

the final product, while Q3-glucoside transforms 

through parallel pathways [6,8].

 

 

Figure 1 Quercetin transformation pathways in shallot bulbs during storage. Arrows indicate enzymatic conversion 

pathways. Q3,4’G 3-glucosidase and Q4’G 3-glucosyltransferase represent key enzymes in quercetin transformation. 

 

During storage, shallots undergo complex 

physiological and biochemical changes that can lead to 

substantial losses in bioactive compounds, particularly 

quercetin compounds that contribute to health-

promoting properties [6]. Traditional shallot storage 

practices focus primarily on preventing sprouting and 

weight loss, while preservation of bioactive compounds 

remains largely unaddressed. With shallots experiencing 

20% - 30% deterioration during storage and marketing 

[9], the preservation of bioactive compound properties 

during postharvest storage represents both a scientific 

challenge and economic imperative for maintaining 

nutritional value in commercial production. 

 The biochemical processes within shallot bulbs, 

especially the quercetin transformation pathways, are 

influenced by environmental factors such as temperature 

and light [10]. Suboptimal storage conditions may lead 

to uncontrolled degradation or unwanted quercetin 

conversion, thereby reducing the nutritional value of the 

final product, which is free quercetin [11]. These 

complex metabolic processes represent dynamic 

systems that could be strategically managed through 

controlled environmental conditions to enhance rather 

than merely preserve the bioactive potential of shallot 

bulbs [12,13]. Previous research demonstrated that 

storage temperature significantly influences quercetin 

glucoside concentrations and enzymatic activities when 

storage time increases [14]. Light exposure also impacts 

the content of quercetin and quercetin glucoside in 

onions [15]. However, a comprehensive 

characterization of quercetin and quercetin glucoside 

compounds under controlled storage conditions is still 

lacking, revealing a significant knowledge gap. While 

existing studies have examined storage effects 

separately, a thorough evaluation of temperature-light 

interactions at practical storage conditions for tropical 

agriculture applications remains underexplored. 

Additionally, environmental stress factors during 

storage are directly related to concomitant physiological 

changes in plants, including alterations in carbohydrate 

metabolism and moisture loss [16]. Therefore, these 

interrelated biochemical and physiological processes 

could inform the development of effective postharvest 

storage management strategies for shallots, enabling 

commercial-scale preservation of bioactive compounds 

throughout the supply chain. 

 This study aims to comprehensively investigate 

the temperature- and light-dependent transformations of 

quercetin glycosides in shallot bulbs during storage. Our 

research objectives are to: (1) Characterize the 

individual transformation dynamics of Q3,4’-

diglucoside, Q4’-glucoside, Q3-glucoside, and free 
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quercetin under controlled temperature (15 vs 30 °C) 

and light conditions (darkness vs 18,000 lux) over 30 

days of storage; (2) evaluate concurrent changes in 

reducing sugar content and weight loss as indicators of 

metabolic activity and quality deterioration; and (3) 

establish integrated storage recommendations that 

optimize bioactive compound profiles while 

maintaining commercial viability parameters (weight 

loss thresholds and sugar stability). 

 

Materials and methods 

 Plant materials 

 Shallots cv. Sri Saket were harvested from a farm 

in Sri Saket Province, Thailand, in September at 47 days 

after planting. Bulbs with uniform size (2.0 - 2.5 cm in 

diameter), weighing 5 - 10 g each, and free from 

physical damage, disease, or insect infestation were 

selected (Figure 2). A total of 300 bulbs were used for 

the experiment. After harvest, shallots were cleaned and 

immediately used for the experiment.

 

 

Figure 2 Shallot bulbs cv. Sri Saket used in the study showing uniform size and quality characteristics. Inset shows cross-

sectional view of selected bulbs (2.0 - 2.5 cm diameter). 

 

Experimental design and storage setup 

 The experiment followed a 2×2 factorial design in 

a completely randomized design (CRD) with 2 main 

factors: Temperature (15 and 30 ± 1 °C) and light 

conditions (darkness at 0 lux and light at 18,000 lux 

using cool-white fluorescent lamps). The following 4 

treatment combinations were investigated: T1 (15 °C + 

darkness), T2 (15 °C + 18,000 lux), T3 (30 °C + 

darkness), and T4 (30 °C + 18,000 lux). Each treatment 

consisted of 3 replicates, with 20 bulbs per replicate. 

Analytical samples were collected on storage days 0, 6, 

12, 18, 24, and 30, with ten bulbs randomly selected 

from each replicate at each sampling time. 

 Shallots were stored in temperature-controlled 

growth chambers at 65 ± 5% relative humidity. For light 

treatments, samples were exposed to cool-white 

fluorescent lamps (120 cm long, 34 W, 71 Lm/m, 

OSRAM) providing continuous illumination at 18,000 

lux. The lamps were positioned 50 cm above the 

samples to provide adequate light intensity while 

minimizing heat effects. Samples were placed on plastic 

mesh trays with 2 cm spacing between bulbs to ensure 

uniform light exposure and air circulation. Bulbs were 

rotated every 3 days to minimize positional effects. For 

darkness treatments, samples were kept in complete 

darkness (0 lux) in the same environmental conditions. 

Light intensity was monitored using a digital light meter 

(DIGICON LX-70, Norway) at the sample level. To 

ensure consistent experimental conditions, light 

exposure and temperature were continuously monitored 

and maintained at optimal levels. 

 

 Weight loss measurement 

 The initial fresh weight (W0) was documented on 

day 0, with follow-up measurements (Wt) taken at 

predetermined intervals (days 6, 12, 18, 24 and 30). 

Weight loss was calculated using the formula: 

 

Weight decline (%) =
(Initial weight − Final weight)

Initial weight
× 100  
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Sample preparation and analysis 

 Before analysis, ten shallot bulbs per replicate 

were prepared by removing the stems, roots and outer 

dry skins, dicing into small pieces (2×2 mm2), freezing 

with liquid nitrogen (−196 °C), and grinding into 

powder using a freeze dryer (Christ Alpha 2-4 LDplus, 

Germany) at −80 °C and 0.1 mbar for 48 h. Powder 

samples were stored in amber vials at −80 °C until 

analysis was performed. 

 

 Quercetin compound determination 

 Quercetin compounds were extracted and 

analyzed according to the modified Wiczkowski et al. 

[3]. Freeze-dried samples (0.5 g) were extracted with 10 

mL of 80% methanol containing 0.1% formic acid using 

an ultrasonic bath (40 kHz, 30 °C) for 30 min. The 

extract was centrifuged at 4,000 rpm for 10 min, then 

the supernatant was filtered through a 0.45 m 

membrane filter before HPLC analysis. 

 HPLC analysis was performed using an Agilent 

1100 system equipped with an Agilent ZORBAX 

Eclipse XDB-C18 column (4.6×150 mm2, 5 m). 

Mobile phases consisted of 0.1% formic acid in water 

(A) and 0.1% formic acid in acetonitrile (B) with 

gradient elusion: 5% - 10% (5 min), 10% - 25% (5 min), 

25% - 85% (6 min), 85% - 5% (4 min) and 5% (5 min) 

at 0.8 mL/min flow rate.  Detection was performed at 

370 nm with a column temperature of 30 °C. Individual 

quercetin compounds (Q3,4’-diglucoside, Q4’-

glucoside, Q3-glucoside and free quercetin) were 

quantified using authentic standards and expressed as 

mg/kg dry weight. The method exhibited excellent 

linearity (R2 = 0.988 - 0.9999), with limits of detection 

(LOD) ranging from 1.2 to 2.0 µg/mL, limits of 

quantification (LOQ) estimated at 3.8 to 6.2 µg/mL, and 

recovery rates between 88.7% and 102.3%. 

 

 Reducing sugar determination 

 The DNS (3,5-dinitrosalicylic acid) procedure 

[17] was employed for reducing sugar analysis. Freeze-

dried powder samples (0.5 g) were extracted with 10 mL 

of distilled water at 80 °C for 15 min, filtered, and then 

reacted with the DNS reagent at 100 °C for 5 min. 

Detection was performed at 540 nm via UV-Vis 

spectrophotometry (Shimadzu UV-1900, Japan). A 

glucose calibration curve enabled quantification, with 

results expressed as milligrams of glucose equivalent 

per kilogram of dry weight (mg/100 g dw). 

 

 Statistical analysis 

 Results are expressed as means ± standard errors 

from triplicate samples. Factorial ANOVA evaluated 

treatment effects, with Duncan’s multiple range test for 

mean separation (p < 0.05). Statistical analysis was 

employed using SPSS version 28.0. 

 

Results and discussion 

 Effect of storage conditions on weight loss 

 Weight loss occurred progressively in all storage 

treatments, with temperature having a greater influence 

than light exposure, as shown in Figure 3.

 

 

Figure 3 Weight loss patterns of shallot bulbs during 30-day storage under different temperature and light conditions. 

Storage conditions: 15 °C in darkness (△), 15 °C at 18,000 lux (), 30 °C in darkness (), and 30 °C at 18,000 lux (). 

Data represent mean ± standard error (n = 3). 
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Shallots showed continuous moisture loss 

throughout the 30-day storage period (Figure 3). 

Storage at 30 °C resulted in rapid weight loss during the 

initial 12 days, reaching 14.72 ± 0.33% in darkness and 

20.20 ± 1.73% under light at 18,000 lux, and increased 

weight loss to 25% - 27% after 30 days of storage. In 

contrast, storage at 15 °C resulted in slower weight loss 

compared to higher temperatures, with weight loss of 

20.18 ± 0.75% at day 30 in the dark and 25.43 ± 0.09% 

under light. The weight loss of shallots throughout the 

storage period (30 days) exhibited distinct patterns, with 

storage at 30 °C and 18,000 lux showing rapid weight 

loss on days 0 - 12, characterized by an initial weight 

loss of approximately 20%, followed by a gradual 

decrease from days 12 - 30. Temperature effects were 

most pronounced during the early storage period, with 

30 °C treatments showing 1.5 - 1.8 times higher weight 

loss rates than 15 °C treatments during the first 12 days. 

Light exposure consistently increased weight loss across 

both temperature conditions, with the effect being more 

noticeable at lower temperatures. 

 Complex interactions between environmental and 

physiological factors of shallot bulbs may be the factors 

that influence the different quality responses of shallot 

bulbs. At 30 °C, the combination of high metabolic 

activity and increased vapor pressure deficit creates 

optimal conditions for rapid moisture loss [18]. The 

relatively smaller effect of light at high temperatures 

suggests that thermal stress predominates over light-

induced metabolic responses, while at moderate 

temperatures (15 °C), light-induced physiological 

changes become more apparent [19]. 

 Our results demonstrated that elevated 

temperature was the primary factor accelerating weight 

loss through several related mechanisms. Water 

evaporation rates increase proportionally with 

temperature and storage duration [14]. Higher 

temperatures induce cell wall structural deterioration 

and compromise the integrity of the cuticle layer [20], 

thereby diminishing the barrier function of outer scale 

layers and resulting in reduced moisture retention in 

shallots. Additionally, higher temperatures enhance 

respiratory metabolism, resulting in carbohydrate and 

water depletion [16]. In contrast, light exposure had a 

lesser impact than temperature, but still exerted a minor 

influence, particularly at 15 °C. These results may be 

attributed to light-stimulated biochemical activities [21] 

and light-induced cuticle modifications in the surface 

tissues [22]. The experimental results showed that 

temperature control was the primary factor in reducing 

weight loss, while light management served as a 

secondary but important factor, especially during long-

term storage at moderate temperatures (15 °C). 

Therefore, cool (15 °C) dark storage conditions offer the 

optimal strategy for moisture retention and commercial 

viability. 

 

 Effect of storage conditions on quercetin 

compound profiles 

 The quercetin compound profiles demonstrated 

distinct patterns during storage, with each compound 

responding differently to temperature and light 

conditions, as shown in Figure 4.

 



Trends Sci. 2026; 23(1): 11293   6 of 10 

  

 

Figure 4 Changes in quercetin compounds in shallot bulbs during 30-day storage under different temperature and light 

conditions: (A) Q4’-glucoside, (B) Q3,4’-diglucoside, (C) Q3-glucoside, and (D) free quercetin aglycone content. Storage 

conditions: 15 °C in darkness (△), 15 °C at 18,000 lux (), 30 °C in darkness (), and 30 °C at 18,000 lux (). Data 

represent mean ± standard error (n = 3). 

 

Quercetin glycoside compounds in shallot bulbs 

showed distinct patterns depending on storage 

conditions (Figure 4). Q4’-glucoside content exhibited 

a marked increase from day 0 to day 12, with the highest 

peak observed at 30 °C under light exposure, 

approximately 38.41 ± 1.14 g/kg dry weight (Figure 

4(A)). After day 12, all treatments exhibited declining 

trends, with final values ranging from 6.89 ± 0.43 to 

11.43 ± 0.50 g/kg dry weight by day 30. Q3,4’-

diglucoside content demonstrated more stable patterns 

throughout storage, with levels ranging from 4.23 ± 0.26 

to 25.63 ± 1.27 g/kg dry weight (Figure 4(B)). The 15 

°C light treatment showed the highest accumulation at 

day 24 (25.63 ± 1.27 g/kg dry weight), while dark 

storage conditions generally maintained lower and more 

consistent levels. Q3-glucoside content showed a 

gradual decline from initial values across all treatments, 

dropping from initial values of 1.27 - 1.28 g/kg to final 

values of 0.27 - 0.49 g/kg by day 30 (Figure 4(C)). The 

highest intermediate concentration was observed at a 15 

°C light treatment on day 18 (0.49 ± 0.04 g/kg). 

Temperature appeared to have minimal effect on this 

compound’s degradation pattern compared to the 

influence of light conditions. The free quercetin 

aglycone displayed the most dramatic changes, 

increasing rapidly from near-zero initial levels to peak 

concentrations by day 12 (Figure 4(D)). The 15 °C light 

treatment achieved the highest peak (27.00 ± 1.72 g/kg 

dry weight), followed by a rapid decline to minimal 

levels by day 30. 

 Quercetin transformations during storage are 

primarily controlled by the balance between glucosidase 

and glucosyltransferase enzyme activities [14]. At 

elevated temperatures (30 °C), enhanced glucosidase 

activity converted glycosylated forms to free quercetin, 

explaining the rapid accumulation observed until day 

12. This temperature-dependent enzyme activation 

aligns with previous studies demonstrating increased 

flavonoid metabolism at higher storage temperatures 

[14]. However, the subsequent decline after day 12 

reflects a shift from enzymatic conversion to oxidative 

degradation processes. Free quercetin undergoes 

autooxidation and peroxidase-mediated breakdown 

during cellular senescence [23], resulting in the 

observed compound instability in later storage phases. 

This biphasic pattern - initial accumulation followed by 
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degradation - illustrates the complex interplay between 

beneficial enzyme activation and detrimental oxidative 

processes. 

 In contrast to temperature effects, light exposure 

primarily functions as a stress signal that activates 

protective quercetin synthesis pathways [24]. This 

response increases Q4’-glucoside and Q3,4’-

diglucoside levels as cellular defense mechanisms 

against photo-oxidative damage. Although this 

protective response enhances initial compound levels, 

prolonged light exposure ultimately contributes to 

metabolic instability, as evidenced by the dramatic 

fluctuations observed under combined high temperature 

and light conditions. 

 The subsequent decline after day 12 likely reflects 

the continuous oxidation and degradation of quercetin 

compounds through non-enzymatic browning reactions. 

The oxidation mechanism of quercetin has been 

confirmed in various systems to occur through 

autoxidation and non-enzymatic processes [25]. In 

previous research, quercetin concentrations were 

elevated under light conditions compared to dark 

treatments, particularly showing increases in Q4’-

glucoside and Q3,4’-diglucoside. This pattern reflects 

light-induced stress reactions that activate quercetin 

synthesis pathways, providing cellular protection from 

ultraviolet damage [24]. The results demonstrate distinct 

stability patterns among quercetin compounds, likely 

due to differences in their chemical structures and 

reactivities. These differential stability patterns are 

consistent with previous studies, which show that 

flavonoid glycosides exhibit greater stability than their 

corresponding aglycones during digestion processes 

[26]. 

 Q3-glucoside content showed a rapid decline in 

the early storage period under most conditions but 

demonstrated relative stability in the later phases. 

Storage conditions significantly affected these 

transformation patterns throughout the storage period 

(Figure 4(C)). The superior stability of Q3,4’-

diglucoside may be attributed to its dual glucose 

substitution pattern. These 2 glucose molecules provide 

enhanced protection of quercetin from oxidation and 

degradation compared to Q3-glucoside, which contains 

only 1 glucose molecule [26]. This study demonstrates 

that controlling temperature and light during storage 

affects the changes in quercetin compounds in shallot 

bulbs. These findings are consistent with previous 

studies, which have shown that when onion bulbs are 

exposed to ambient temperatures after storage, internal 

changes occur, followed by metabolic and chemical 

alterations [27]. 

 For practical applications, storage at 15 °C with 

light exposure provides the optimal window (day 12) to 

maximize free quercetin content (27.00 g/kg dw), 

representing the most bioactive form for functional food 

applications. 

 

 Effect of storage conditions on reducing sugar 

 Reducing sugar content showed significant 

changes in response to different storage temperatures 

and light intensities during the 30-day storage period, 

revealing complex metabolic dynamics in stored 

shallots as illustrated in Figure 5.

 

 

Figure 5 Changes in reducing sugar content of shallots during 30-day storage under different temperature and light 

conditions. Values represent means ± standard error (n = 3). Storage conditions: 15 °C in darkness (△), 15 °C at 18,000 

lux (), 30 °C in darkness (), and 30 °C at 18,000 lux (). Data represent mean ± standard error (n = 3).  
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Reducing sugar content (Figure 5) increased from 

initial values of 23.92 ± 1.32 mg/100 g dw to peak levels 

by day 12. The maximum was reached at 30 °C with 

18,000 lux (93.71 ± 3.31 mg/100 g dw). Light exposure 

enhanced early accumulation, particularly at 15 °C 

(84.19 ± 2.08 vs 41.10 ± 1.50 mg/100 g dw on day 6). 

During the accumulation phase (day 0 - 12), temperature 

had a stronger influence on sugar concentration than 

light intensity. The 30 °C treatments achieved higher 

peak levels (93.71 and 73.42 mg/100 g dw with and 

without light) compared to 15 °C treatments (86.10 and 

82.83 mg/100 g dw). However, sustainability differed 

markedly between temperature regimes during the 

decline phase (days 12 - 30). Storage at 15 °C in 

darkness best maintained sugar levels (64.51 ± 0.72 

mg/100 g dw), while 30 °C with light showed the 

steepest decline (32.89 ± 3.13 mg/100 g dw). 

 The biphasic pattern likely reflects initial fructan 

hydrolysis and enzyme activation [27-29] followed by 

increased respiration, secondary metabolite synthesis 

[30], and tissue deterioration under stress conditions 

[19]. The dramatic fluctuations at 30 °C with light 

exposure (decreasing from 93.71 to 32.89 mg/100 g dw) 

indicate significant metabolic instability, consistent with 

previous studies showing negative impacts of light on 

storage quality [31]. Therefore, storing shallots at 15 °C 

in darkness preserves reducing sugar stability (64.51 

mg/100 g dw), which is critical for maintaining 

sweetness and overall product quality throughout the 

supply chain. 

 

Conclusions 

 This study demonstrates the complex temperature-

light interactions that affect quercetin glycoside 

transformations in shallot bulbs during a 30-day storage 

period. The highest free quercetin aglycone content 

(27.00 g/kg dw) was observed at 15 °C with 18,000 lux 

on day 12, whereas reducing sugar stability was best 

preserved at 15 °C in darkness (64.51 mg/100 g dw). 

These findings suggest that maintaining storage at 15 °C 

with controlled light exposure offers an optimal strategy 

to enhance quercetin content while minimizing quality 

degradation, providing a practical basis for postharvest 

storage optimization in shallots. Our results provide 

valuable insights for improving postharvest quality 

management strategies for shallots in tropical 

agriculture. 
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