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Abstract: There is a lack of studies that relate the physical and physicochemical characteristics of 

onion genotypes to their suitability for different uses. This study aimed to characterize onion 

genotypes and associate their properties with suitability for processing, storage, or fresh 

consumption. The experiment used a completely randomized design with 10 genotypes and 5 

replicates. We evaluated traits including dry matter, firmness, color, soluble solids, titratable acidity, 

antioxidant potential, and pyruvic acid content. Principal component analysis (PCA) and hierarchical 

clustering were applied to classify genotypes according to use. The results showed significant 

differences among genotypes. Genotypes 13, 21, 23, and 41 were better suited for fresh consumption 

due to their low pungency and high sugar content. Genotypes 45 and 71 presented traits desirable 

for processing, such as high dry matter and pyruvic acid content. Genotypes 41 and 83 were suitable 

for storage due to firmness and resistance indicators. These results show that physical and chemical 

parameters are effective for discriminating onion genotypes and selecting the most appropriate types 

for specific uses. This approach contributes to the improvement of postharvest handling, processing 

efficiency, and strategic cultivar recommendations. 
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1. Introduction 

In Brazil, onion farming is distributed across the South, Southeast, and Northeast regions, with 

Santa Catarina being the state with the largest production [1]. Despite the increase in national 

production rates since the 2000s, onion farming in Brazil still faces significant challenges in the 

postharvest phase. These challenges are marked by a lack of information on storage potential, 

inadequate infrastructure, and the need for genotypes better suited for processing [2]. 

Postharvest quality is related to the set of physical and chemical attributes or properties that 

make agricultural products desirable as food [3]. These attributes, in turn, are determined by the 

cultivar, pre- and postharvest treatments, and the appropriate harvest time, which aim primarily to 

ensure the maintenance of the chemical quality and physical integrity of the bulbs [4]. These factors 

also play a crucial role in cultivar selection and acceptance by the consumer market, whether for fresh 

consumption, processing, or storage, helping to take advantage of strategic market opportunities [5]. 

Among the physical and chemical characteristics used to evaluate the postharvest quality of 

vegetables, the following attributes stand out: loss of fresh matter, color, firmness, total soluble solids, 

total titratable acidity, antioxidant potential, and pyruvic acid [6]. These parameters can be used to 

characterize and classify onions into different quality categories and assist in selecting the right 

products for each purpose. Onions suitable for storage are generally smaller, firmer, and more 

pungent, with well-adhered protective scales, high resistance to postharvest diseases, and a long 

dormant period, enabling them to withstand several months of storage. Due to their strong flavor, 
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they are mainly used to enhance the taste of cooked foods. Onion breeding programs in Brazil have 

traditionally focused on developing cultivars for this purpose. Onions for fresh consumption are 

generally larger, less firm, sweeter, with a mild flavor, crunchy texture, and preferably a single center. 

Cultivars with these characteristics have a short market window due to limited harvest and 

postharvest life. In general, mild and sweet onions contain less than 4 mmol of pyruvic acid per gram 

of fresh matter and at least 6% sugar [7]. Onions for processing have a high dry matter content, high 

pyruvic acid levels, low reducing sugar content, and white pulp and scales. These onions are used by 

the processing industry to produce onion paste, dehydrated onions, pickled onions, and other 

products. For high industrial yield and quality processing, onions with specific characteristics are 

sought, such as high dry matter and pyruvic acid content, low reducing sugar content, and white 

scales. These traits add value to the product and favor raw material processing. For onion ring 

production, white onions are preferred due to their milder flavor, sweeter taste, crispier texture, and 

high pungency, resulting in excellent industrial yield. Additionally, the bulbs can be used for various 

other purposes, such as dehydrated onions, pickled onions, onion paste, onion powder, and fried 

onions [8,9]. 

Given the lack of knowledge and scarcity of literature regarding the criteria used to categorize 

onions based on their use, combined with the underdevelopment of the onion industry and 

challenges in postharvest storage in Brazil, it is crucial to conduct research aimed at characterizing 

onion genotypes, improving quality and postharvest conservation, and promoting diversification 

and strengthening of the production chain. This is a fundamental strategy to boost the onion sector 

in Brazil, overcome existing challenges, and achieve the desired sustainability and competitiveness. 

Thus, the objectives are to (a) physically and chemically characterize onion genotypes to identify 

and distinguish the quality attributes that categorize them for different specific uses; (b) identify the 

primary quality attributes that differentiate onion genotypes and enable categorization for fresh 

consumption, processing, or storage; (c) correlate and validate these quality attributes as practical 

indicators for distinguishing genotypes by intended use; and (d) provide scientific information and 

guidance to recommend onion genotypes suitable for various applications, contributing to the 

sustainable development of the onion production chain. 

2. Materials and Methods 

2.1. Plant Material and Experimental Design 

Ten open-pollinated and hybrid onion genotypes, produced in a commercial area in Ituporanga, 

Santa Catarina, Brazil (27°25′30″ S, 49°36′4″ W), and identified as 13, 21, 23, 41, 43, 45, 52, 71, 81, and 

83 (Figure 1), were harvested during the 2022/2023 crop year. The bulbs were cured in the field at 

22.5 °C and 65% relative humidity (RH) for five days. After curing, the bulbs were bagged (20 kg per 

bag) and transported to the laboratory at room temperature over a 24-hour period. 

 

Figure 1. General appearance of onion genotypes produced in a commercial area in Ituporanga, Santa Catarina, 

Brazil and harvested in the 2022/2023 harvest. 
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The experiment followed a completely randomized design with 10 treatments (genotypes), five 

replicates, and two bulbs per replicate. 

2.2. Experimental Procedure 

The physical and physicochemical characterization of the 10 onion genotypes was conducted 

using selected bulbs, excluding those showing symptoms of disease, physiological defects, or 

physical/mechanical damage. The response variables evaluated were: 

a) Firmness: four measurements were taken in the equatorial region of the bulbs using a bench 

penetrometer (Fruit Hardness Tester FR-5120) equipped with a 5 mm diameter probe. The pressure 

required for penetration was recorded in Newton [1]. 

b) Color: the external color of the bulbs was evaluated using the parameters L* (0 = black and 100 

= white), a* (green to red), and b* (blue to yellow). Measurements were taken with a MINOLTA CR-

200b colorimeter (Osaka, Japan) [2]. 

c) Number and thickness of cataphylls: determined by image analysis software (CorelDRAW and 

Corel PHOTO-PAINT) (Figure 2). 

 

Figure 2. Illustrative diagram of the distribution of cataphylls, highlighting the image analysis method used for 

counting and measuring thickness. 

d) Format: measured using a caliper in longitudinal (DL) and transverse (DT) directions. The 

shape index was DL/DT. 

e) Dry matter (%): a quarter of the bulb was weighed, dried at 65 °C for 72 h, and reweighed. % 

DM = (DM/MF) × 100. 

f) Water content: calculated as [(MF - DM)/MF] × 100. 

g) Soluble solids content: determined via refractometry using homogenized bulb extract in 

deionized water (1:1), filtered, and read in a digital refractometer (Atago PR-201α). 

h) Titratable acidity: determined from the same extract as soluble solids, using titration with 0.01 

N NaOH. 

i) SS/TA ratio: calculated by dividing soluble solids by titratable acidity [3]. 

j) Non-structural carbohydrates: 

• Total soluble sugars: phenol-sulfuric method [4]. 

• Reducing sugars: DNS method with modifications [5]. 

• Non-reducing sugars: estimated by the difference between total and reducing sugars. 

k) Phenolic compounds: determined using the Folin–Ciocalteu method, with results expressed in 

mg gallic acid/100 mg sample [6]. 
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l) Total flavonoids: determined by reaction with aluminum chloride and read at 420 nm [7]. 

m) Pyruvic acid: analyzed as per Metrani et al. (2017), with final reading at 420 nm and standard 

curve using sodium pyruvate [8]. 

2.3. Statistical Analysis 

The data were subjected to normality (Shapiro–Wilk) and homogeneity (Bartlett) tests. ANOVA 

and mean grouping (Scott–Knott, p ≤ 0.05) were performed using the ExpDes.pt package [9]. PCA 

with cluster analysis was used to evaluate the relationship between variables and treatments. All 

analyses were performed using R software (version 4.1.2) [10]. 

3. Results 

3.1. Physical and Physicochemical Characterization 

The firmness of the onion genotypes ranged from 6.8 to 9.3 N. Firmer bulbs were observed in 

genotypes 43, 81, and 83, while genotypes 23 and 71 had the lowest values. Dry matter content ranged 

from 10.6% to 13.0%, with higher values found in genotypes 41, 43, 81, and 83. No significant 

differences in water content were observed among the genotypes, with an average of 88%. 

The number of cataphylls ranged from 6.8 to 9.2, with higher values in genotypes 43, 71, and 83. 

The thickness of the cataphylls varied from 4.6 to 6.2 mm, being greater in genotypes 13, 41, and 71. 

Genotype 83 presented more homogeneous cataphyll thickness, while in the other genotypes the 

thickness increased in intermediate layers and decreased in the innermost and outermost layers. 

Regarding color attributes, the brightness (L*) ranged from 40.8 to 62.5. The L* was highest in 

genotypes 13, 21, and 23 and lowest in 45 and 71. The red-green coordinate (a*) ranged from 18.0 to 

32.9, with genotype 45 showing the most intense red color. The yellow-blue coordinate (b*) ranged 

from 7.4 to 26.8, with the highest values observed in genotypes 13 and 41. There was no significant 

difference in shape among genotypes, with DL/DT values close to 0.9 for all. 

The soluble solids (SS) content was significantly higher in genotypes 21, 23, 41, 43, 81, and 83. 

Titratable acidity (TA) was highest in genotype 83, while the SS/TA ratio was higher in genotypes 21, 

41, and 43, and lower in 83. 

In the carbohydrate analysis, total soluble sugars (TSS) and non-reducing sugars (NRS) were 

highest in genotype 21 and lowest in 43, 45, and 81. Reducing sugars (RS) were higher in genotypes 

13, 21, and 83, and lowest in genotype 81. 

Phenolic compounds (PC) and total flavonoids (TF) were highest in genotype 52, while lower 

values were observed in genotypes 13, 21, 41, 45, and 71. No statistical differences were found in 

pyruvic acid content among genotypes. 

Table 1. Physical characteristics of onion genotypes. F (N)= firmness; DM (%)= dry matter; WC (%)= water 

content; No. CAT= number of cataphylls; CAT Thk= thickness of cataphylls; L*= brightness on the color scale; 

a*= color coordinate representing the intensity of red-green tones; b*= color coordinate representing the intensity 

of yellow-blue tones; DL/DT: shape indicated by the relationship between the longitudinal diameter and the 

transverse diameter. 

Genotype F (N) DM (%) WC (%) No. CAT 
CAT Thk 

(mm) 

Color DL/D

T 
L* a* b* 

13 7.6 c 10.9 b 89.1 a 6,8 b 6,0 a 61.6 a 19.7 f 26.8 a 0.9 a 

21 8.0 b 11.8 b 89.1 a 8,0 b 4,0 c 62.0 a 18.0 f 24.9 c 1.0 a 

23 6.7 d 11.4 b 88.5 a 8,0 b 5,0 b 62.5 a 18.6 f 24.3 c 0.9 a 

41 8.3 b 12.3 a 87.6 a 8,0 b 6,0 a 59.8 b 23.2 e 26.0 a 0.9 a 
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43 8.9 a 12.6 a 88.3 a 9,2 a 4,0 c 54.7 c 29.5 b 23.9 c 0.9 a 

45 8.5 b 10.6 b 88.9 a 7,6 b 5,0 b 40.8 f 32.9 a 7.4 e 0.9 a 

52 8.4 b 11.7 b 88.4 a 7,4 b 5,0 b 55.2 c 27.6 c 23.5 c 0.9 a 

71 6.7 d 11.7 b 89.0 a 9,2 a 6,0 a 43.5 e 29.6 b 10.0 d 0.9 a 

81 9.3 a 12.6 a 87.3 a 7,2 b 5,0 b 51.4 d 25.4 d 25.2 b 0.9 a 

83 9.0 a 12.9 a 87.0 a 9,0 a 1,0 d 54.4 c 23.8 e 23.9 c 0.9 a 

CV 4.29 % 9.88 % 2.09 % 10,61 % 8,29 % 7.94 % 4.82 % 9.46 % 7.12 % 

CV= coefficient of variation expressed as a percentage, indicates the relative variation of the data. Means 

followed by the same letter in the column do not differ by the Scott-Knott test at a 5% significance. 

Table 2. Physicochemical characterization of onion genotypes. SS= soluble solids; TA (%)= titratable acidity; 

SS/TA= ratio of soluble solids to titratable acidity; TSS (%)= total soluble sugars; RS (%)= reducing sugars; ANR 

(%)= non-reducing sugars; PC (mg 100 g-1)= phenolic compounds; TF (mg 100 g-1)= total flavonoids; PA= pyruvic 

acid (nmol g-1). 

Genotyp

e 

SS 

(oBrix) 

TA 

(%) 
SS/TA 

TSS 

(%) 

RS 

(%) 

NRS 

(%) 

PC 

(mg 100 g-

1) 

TF 

(mg 100 g-1) 

PA 

(nmol g-1) 

13 11.1 b 0.1 c 62.4 b 1.1 b 0.6 a 0.5 c 58.0 c 22.8 c 362.1 a 

21 11.9 a 0.1 c 67.5 a 1.4 a 0.5 a 0.9 a 57.5 c 20.4 d 318.1 a 

23 11.9 a 0.1 b 62.2 b 1.0 b 0.4 b 0.6 b 68.0 b 28.7 b 370.7 a 

41 11.4 a 0.1 c 67.4 a 1.0 b 0.4 b 0.6 b 58.4 c 22.2 c 348.0 a 

43 11.5 a 0.1 c 69.5 a 0.4 d 0.3 b 0.1 e 65.1 b 29.7 b 363.7 a 

45 11.1 b 0.1 c 62.3 b 0.4 d 0.3 b 0.0 e 60.7 c 19.4 d 339.3 a 

52 10.8 b 0.1 c 61.9 b 1.0 b 0.3 b 0.6 b 93.8 a 44.8 a 359.8 a 

71 10.5 b 0.1 c 61.4 b 1.1 b 0.4 b 0.7 b 56.6 c 19.8 d 371.4 a 

81 11.6 a 0.2 b 59.5 b 0.3 d 0.2 c 0.0 e 65.1 b 24.6 c 423.6 a 

83 11.8 a 0.2 a 48.6 c 0.7 c 0.5 a 0.2 d 63.1 b 30.2 b 377.9 a 

CV 4.75 % 8.68 % 8.91 % 18,87 % 12,13 % 13,52 % 6,22 % 9,59 % 16.55 % 

CV= coefficient of variation expressed as a percentage, indicates the relative variation of the data. Means 

followed by the same letter in the column do not differ by the Scott-Knott test at a 5% significance. 

3.2. Principal Component and Correlation Analysis 

Correlation analysis revealed a positive association between the L* value and the contents of 

soluble solids (SS), total soluble sugars (TSS), reducing sugars (RS), and non-reducing sugars (NRS) 

(Figure 3). This suggests that lighter onion genotypes tend to have a higher sugar content and, 

consequently, a sweeter flavor. This relationship may serve as a phenotypic indicator for selecting 

genotypes suitable for fresh consumption. These findings are supported by the principal component 

analysis (PCA) (Figure 4), which showed that genotypes with higher lightness—such as 13 and 21—

also presented higher sugar contents and were grouped together with other genotypes indicative of 

fresh market preference. 
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Figure 3. Correlation analysis between physical-chemical variables of onion genotypes. 

 

Figure 4. Principal Component Analysis (PCA) with Cluster Clustering of onion genotypes. 

The a* color index showed a negative correlation with SS/TA, SS, TSS, RS, and NRS, and a 

positive correlation with firmness. This implies that onion genotypes with more intense purple 

coloration tend to have lower sugar contents and greater firmness. PCA results corroborated this 

trend, showing that genotypes 45 and 71, which stood out for their intense coloration and high 

firmness, were grouped with other genotypes identified as suitable for processing. 

Firmness also showed a positive correlation with dry matter (DM) and a negative correlation 

with SS/TA, TSS, and NRS. Firmer genotypes—such as 43, 81, and 83—had lower sugar contents and 
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SS/TA ratios, making them more appropriate for storage. These traits may be used as selection criteria 

for onion genotypes intended for long-term conservation. 

Principal component analysis (PCA) explained 60% of the total variance, based on the first two 

principal components (PC1 and PC2) (Figure 4). The cluster analysis grouped the onion genotypes 

into four distinct clusters: 

• Group 1 was strongly related to TSS, RS, NRS, SS, shape, L*, and b* values, indicating sweeter 

onions with lighter coloration. 

• Group 2 showed strong association with a*, indicating a more intense red/purple hue. 

• Group 3 correlated with SS/TA and water content. 

• Group 4 was related to titratable acidity, DM, firmness, flavonoids, pyruvic acid, and phenolic 

compounds, suggesting a group with firmer texture and quality-related biochemical traits. 

Based on these clusters, genotypes were categorized by their suitability for different uses: 

• Group 1 (13, 21, 23, and 41): ideal for fresh consumption due to their sweet taste and lighter color. 

• Group 3 (45 and 71): recommended for processing, owing to their high DM and pyruvic acid and 

low sugar content. 

• Group 4 (81 and 83): better suited for storage, as their firmness and biochemical profile enhance 

postharvest conservation. 

These groupings provide valuable insights for breeding, commercial selection, and genotype 

recommendation based on market needs and postharvest goals. 

4. Discussion 

The physicochemical differences observed among the onion genotypes are supported by 

previous studies and reflect the influence of both genetic and environmental factors. Dry matter, fresh 

matter, firmness, cataphyll structure, and water content have been reported as interrelated variables 

in onion quality assessment [11]. In the present study, genotypes 43, 81, and 83 exhibited greater 

firmness and dry matter content, suggesting a positive association between these traits. This is 

expected, as dry matter reflects the concentration of solid compounds, while firmness can be linked 

to cellular turgor and structural composition [20]. 

Although the number and thickness of cataphylls can contribute to bulb firmness and protective 

layering, no clear relationship was observed between these traits and dry matter content. Cataphylls, 

being modified leaves that constitute the bulb structure, vary in number and thickness depending on 

genetic background and growth conditions [22]. Previous studies have shown that certain genotypes 

tend to accumulate more dry matter in specific bulb layers, which may not always correspond to 

cataphyll metrics [24]. Nutritional management, particularly involving nitrogen, phosphorus, 

potassium, and boron, is also known to influence dry matter accumulation [8]. 

Regarding bulb coloration, distinct variations were observed among genotypes. The L* 

coordinate, which measures lightness, was higher in genotypes 13, 21, and 23, indicating a lighter 

skin color. Conversely, genotypes 45 and 71 showed lower L* values, reflecting a deeper purple tone. 

This observation aligns with the a* values, where genotype 45 exhibited the highest value, indicating 

a stronger presence of red pigmentation, commonly associated with purple-skinned onions. 

Genotypes with higher b* values, such as 13 and 41, showed greater yellow hue intensity, reinforcing 

their lighter appearance. These color variations reflect intrinsic genetic traits and may serve as visual 

indicators for selection based on market preferences. 

The higher soluble solids (SS) content observed in genotypes 21, 23, 41, 43, 81, and 83 may be 

associated with a greater accumulation of sugars, contributing to higher pungency and enhanced 

flavor intensity. The SS content is widely recognized as a key indicator of quality in fruits and 

vegetables. In onions, it plays an important role in both fresh consumption and processing, as high 

SS levels reduce water evaporation time during processing, leading to lower energy consumption 

and higher yield [16]. 
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Genotype 83 stood out for its higher titratable acidity (TA), a trait considered favorable for 

industrial processing. Acidity in onions is often used as an indirect measurement of flavor-related 

compounds, especially pyruvic acid, which is responsible for the characteristic pungency and aroma 

[12]. Pyruvic acid is released enzymatically upon tissue rupture, and its concentration is a function 

of both the genotype and environmental conditions [14]. The SS/TA ratio is frequently used to 

evaluate overall flavor, offering a more balanced representation of sensory perception than isolated 

measurements of sugars or acidity [15]. In the present study, genotypes with a higher SS/TA ratio, 

such as 21, 41, and 43, are more likely to offer a sweeter taste and milder pungency, favoring their 

recommendation for fresh consumption. On the other hand, the lower SS/TA ratio observed in 

genotype 83, combined with its higher acidity and pyruvic acid content, reinforces its suitability for 

processing. 

Sugars, particularly glucose and fructose, are the main constituents of SS in onions. These 

reducing sugars possess free carbonyl or ketone groups, contributing not only to sweetness but also 

to Maillard reactions during cooking or dehydration processes [18,19]. Non-reducing sugars, such as 

sucrose, also contribute to flavor but are less reactive in thermal processing contexts. 

In addition to sugars and acidity, phenolic compounds and flavonoids are crucial for the 

nutritional and antioxidant profile of onions. Genotype 52 exhibited the highest levels of total 

phenolics (TP) and total flavonoids (TF), suggesting greater antioxidant potential. These compounds 

are known for their bioactivity and health-promoting properties, including free radical scavenging 

[4]. Their presence may also enhance the functional value of onion cultivars and serve as additional 

quality indicators for breeding programs focused on health-conscious markets. 

Overall, the chemical composition of onion genotypes reveals distinct patterns that can guide 

cultivar recommendations. Genotypes with high SS, favorable SS/TA ratios, and moderate acidity are 

ideal for fresh consumption. Those with high dry matter, low sugar content, and greater pungency 

are better suited for processing. Genotypes with higher firmness, dry matter, and antioxidant 

compound content may be more appropriate for storage or functional food applications. 

5. Conclusions 

Physicochemical characteristics can be used as indicators to recommend and group genotypes 

according to their suitability or intended use. Genotypes 13, 21, 23, and 41 were grouped according 

to characteristics of lower firmness, higher sugar content, mild flavor, crunchy texture, and preferably 

single center, showing suitability for consumption in natura. Genotypes 45 and 71 were grouped 

according to characteristics of high dry matter content, high pyruvic acid, and low reducing sugar 

content, indicating potential for processing. Genotypes 41 and 83 were grouped according to 

characteristics of resistance and higher soluble solids content, being suitable for storage. 
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