
120� eISSN 2239-5687 online, DOI 10.15586/ijfs.v38i2.3377

P   U   B   L   I   C   A   T   I   O   N   S
 CODON

Italian Journal of  Food Science, 2026; 38 (2): 120–135

fruit quality are taste, aroma, the ratio between sugar 
and acidity (S/A), attractiveness/appearance, color, and 
shine. Taste is cultivar-dependent and one of the most 
important characteristics of strawberry fruit. It is mostly 
influenced by the total soluble solids (Brix) and titratable 
acidity (TA) in fruits (Resende et al., 2008). Brix mostly 
consists of glucose, fructose, and sucrose, whereas TA 
mainly consists of the primary organic acids in straw-
berry, citric and malic acids. Despite having a lower 
abundance than sugars, organic acids have a higher effect 
on taste because they make food more sour, which makes 
it harder to perceive sweetness (Ikegaya et  al., 2019).  

Introduction

Strawberry (Fragaria x annanassa Duch.) is one of the 
most commercially grown berry fruits with more than 
9 million tons produced globally (according to FAOSTAT 
data for 2021). In an abundance of numerous different 
strawberry varieties grown worldwide, and in accordance 
with the increased demand for high-quality fruit, the 
directions of cultivation and selection of strawberry have 
changed and today they are moderated toward obtaining 
fruits of superior quality that will be widely accepted by 
consumers (Mazzoni et al., 2020). Parameters that affect 
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Abstract

This study evaluated 24 strawberry genotypes, including 12 parental varieties and 12 progenies, using chemical 
and sensory analyses to assess fruit quality and panelist preferences. Sugar and organic acid profiles, total soluble 
solids, titratable acidity, phenolic content, radical-scavenging activity, and sweetness index were determined. 
Statistical analyses examined correlations among quality parameters, focusing on the influence of sugars and acids 
on the Brix/TA ratio. Sensory evaluation confirmed panelists’ perception of sweetness and sourness differences. 
Progeny cultivars BL34 Sandra, BL29 Nadja, and BL42 Federica showed superior quality; two were registered as 
new varieties, while one is under registration.
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As  a  result, a common method for determining 
strawberry sweetness is the Brix/TA ratio (Sone et  al., 
2000). Aroma derives from different volatile organic com-
pounds (VOCs) such as esters, alcohols, ketones, furans, 
terpenes, aldehydes, and sulfurous compounds which 
add up to a complex and distinctive strawberry profile 
(Padilla-Jiménez et al., 2021). Besides that, the quality of 
the fruit is also affected by fruit firmness which is mainly 
controlled by genotype (Fan et  al., 2021). On the other 
hand, firmness strongly influences the fruit shelf-life and 
its transportability to distant markets—a key important 
factor for overall fruit marketability.

Previous studies have investigated the chemical composi-
tion and sensory attributes of strawberry fruits, focusing 
on parameters such as sugar content, organic acids, Brix/
TA ratio, aroma compounds, and firmness (Ikegaya et al., 
2019; Padilla-Jiménez et  al., 2021; Mazzoni et  al., 2020; 
Milosavljević et  al., 2023; Resende et  al., 2008). These 
studies have provided valuable insights into the factors 
influencing taste and overall fruit quality. However, many 
of them have been limited to a small number of geno-
types or examined only a subset of sugars and organic 
acids, often without integrating comprehensive chem-
ical profiling with sensory evaluation. As a result, there 
remains a need for studies that assess a broader range of 
metabolites in multiple genotypes and link these chem-
ical parameters with sensory perception in a systematic 
manner. In addition, comparative studies that simultane-
ously include parental cultivars and their progeny remain 
scarce, despite their importance for understanding the 
inheritance of quality-related traits (Mazzoni et al., 2020; 
Milosavljević et al., 2023).

In this context, the present study provides a compre-
hensive analysis of 24 strawberry genotypes, including 
both parental varieties and their progeny, by integrating 
detailed chemical profiling of sugars and organic acids 
with selected sensory quality attributes. This integrated 
approach allows a systematic evaluation of the chemical 
determinants of strawberry taste, supports the selection 
of superior genotypes in breeding programs aimed at 
improving fruit quality, and offers a framework for future 
research on genotype selection and enhancement of 
commercially relevant cultivars.

Materials and Methods

Reagents and materials

Sugar standards (glucose, fructose, sucrose, arabinose, 
melibiose, isomaltose, raffinose, maltose, and panose), 
polyols (sorbitol and mannitol), and organic acids 
(quinic, shikimic, fumaric, malic, maleic, and citric acid) 
were purchased from Supelco/Sigma-Aldrich (St. Louis, 

Missouri, United States), whereas sodium acetate 
trihydrate, solid potassium hydroxide pellets, and 50% 
sodium hydroxide solution were obtained from Sigma-
Aldrich (St. Louis). Sodium hydroxide standard solution 
(0.1 mol/L–1000 mL, Titrisol) ampule, Folin–Ciocalteu 
reagent (sodium tungstate and phosphomolybdic acid), 
DPPH reagent (2,2-diphenyl-1-picrylhydrazyl), and 
galic acid standard were delivered by Merck (Darmstadt, 
Germany). All solvents and chemicals were of analyti-
cal purity grade. All aqueous solutions were prepared 
using ultrapure water (0.055 µS/cm) obtained by using 
the Thermo Fisher TKA MicroPure water purification 
system.

Sample collection and preparation

The trial consisted of 24 strawberry genotypes in total, 
whereas there were 12 strawberry parental varieties and 
their 12 perspective candidates—progenies that orig-
inated from crossings (hybridization) of the parental 
varieties (Table 1). The investigation was supported by 
breeding consortium BerryLAB from Cesena, Italy, and 
company Zeleni hit d.o.o. from Belgrade, Serbia.

All genotypes were grown at the same plantation, 
located at the demo field of Zeleni hit company, in 
Belgrade, Serbia (44◦53'09'' N, 20◦20'52'' E, 83 m a.s.l); 
the region is characterized by temperate continental 
climate and mean annual air temperature of 14.3ºC and 
mean annual precipitation of 697.7 mm for the investi-
gated period (2021). The plants were cultivated in open 
field conditions, in chernozem soil, within a random 
block design system and 4 repetition blocks, each con-
sisting of all 24 genotypes. Each repetition block had 20 
plants per genotype. The strawberry crop was planted 

Table 1.  Parental (1–12) and perspective progeny (13–24) lines.

Genotype 
No.

Genotype 
name 

Genotype No. Genotype 
name 

1 Favette 13 Ter 122.2 

2 Alba 14 Ter 91.16 

3 Asia 15 BL 34 Sandra 

4 Roxana 16 BL 29 Nadja 

5 Monterey 17 AR.Nº5 

6 Portola 18 AR.Nº10 

7 Clery 19 AR.Nº26 

8 Pir 5 20 A.5.2 

9 Dely 21 BL 42 Federica 

10 Eva 22 11.22.8 

11 Syria 23 RZ.16.9 

12 San Andreas 24 11.95.15 
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of samples. A mixture of 0.1 mL of methanol and 4 mL of 
DPPH solution was used as a blank (SP).

( )
(%) 100DPPH sample

DPPH

A A
RSA

A
−

= × 	 (1)

Brix degrees measurement (ºBx)

Soluble solids concentration, generally expressed in ºBrix 
units (Jayasena and Cameron, 2008), reflects the concen-
tration of soluble solids, mostly sugars—glucose, fruc-
tose, and sucrose, the main sugars in strawberry (Ikegaya 
et  al., 2019). In this work, fresh strawberry samples 
were harvested in the full ripeness stage, then cut and 
their juice was directly squeezed on the refractometer. 
Soluble solids’ concentration was measured using Hanna 
Instruments refractometer (Inc. HI96801).

Sugar profile

Approximately 0.5 g of dried and ground strawberry 
sample was extracted with 10 mL ultrapure water for an 
hour (2 × 30 minutes). For glucose, fructose, and sucrose 
readings, dilution was made 200 times fold, while for 
other saccharides, the extract was diluted 20 times fold, 
whereas injection volume was 25 µL.

A high-performance anion-exchange liquid chroma-
tography system with pulsed amperometric detection 
was used to analyze sugars and sugar alcohols (poly-
ols). Chromatographic measurement was performed 
using the Dionex ICS 3000 DP LC system (Dionex, 
Thermo Fisher Scientific, USA), equipped with a qua-
ternary gradient pump and electrochemical detec-
tor, which consisted of Au as the working electrode 
and Ag/AgCl as reference electrode, autosampler 
(AS-DV) and Chromeleon software (Chromeleon 6.7 
Chromatography Management Software). All sepa-
rations were performed on the CarboPac PA100 col-
umn (4 × 250 mm (analytical) and 4 × 50 mm (guard); 
Dionex) thermostated to 30ºC. The mobile phase con-
sisted of (A) 300 mmol/L NaOH and (B) 500 mmol/L 
NaOAc. The gradient program at flow rate of 0.7 mL/
min was as follows: 0–5 minutes 15% A, 5–12 minutes 
15% A and 2% B, 12–20 minutes 15% A and 4% B, 20–30 
minutes 20% A and 20% B, whereas the rest to 100% was 
always ultrapure water (Horvacki et al., 2025). Analysis 
was finished within a 30-minute run time.

Sweetness index (SI)

Acceptability of horticultural products is commonly 
measured by the SI (Magwaza and Opara 2015), 

in July 2020 from cold-stored plant material, on raised 
double beds with a plant density of 44000 plants/ha. 
The number of strawberries per plant varied depending 
on the genotype and plant; for each repetition block, 
fruits were collected separately and kept as independent 
biological replicates, with samples randomly selected 
for subsequent analyses. A regular drip-irrigation sys-
tem was applied with two laterals at a 30 cm distance 
and standard fertilization. Before crop plantation, a 
significant amount of organic matter was incorporated 
into the soil to decrease the soil pH. In the first year 
after planting (May 2021), strawberry samples were col-
lected at the full ripeness stage, defined as fruits exhib-
iting uniform red surface coloration covering more than 
90% of the fruit surface, fully developed cultivar-specific 
shape, and average fruit mass of 20–25 g. When these 
maturity criteria were fulfilled, fruit firmness was con-
sidered optimal, corresponding to a firm but elastic tex-
ture typical of commercially ripe strawberries (Kafkas 
et  al., 2007; Zhou et  al., 2026). Samples were stored 
frozen at −17 °C until further laboratory analysis.

Determination of total phenolic content (TPC)

Folin–Ciocalteu spectrophotometric assay (Natić et  al., 
2024) was used for the determination of TPC for all 
strawberry extracts. The extracts were prepared follow-
ing the extraction procedure described by Natić et  al. 
(2024). Briefly, 0.5 mL of the extracts and 0.5 mL of ultra-
pure water were mixed with 2.5 mL of Folin–Ciocalteu 
reagent (10% w/v). The mixture was incubated at room 
temperature, and after 5 minutes, 2 mL of 7.5% sodium 
carbonate solution was added. The incubation was per-
formed at room temperature for 2 hours. After incu-
bation, absorbance was measured at 765 nm on a GBC 
UV-visible Cintra 6 spectrophotometer (Dandenong, 
VIC, Australia). Gallic acid in the 20–120 mg/L range 
was used as a standard. A mixture of reagents and ultra-
pure water was used as blank. The results were expressed 
as milligrams of gallic acid equivalents per gram of dried 
sample (mg GAE/g).

Determination of radical-scavenging activity (RSA)

In order to assess the antioxidant properties of the straw-
berry plant, a DPPH RSA test was performed (Fotirić 
Akšić et  al., 2022). Briefly, 0.1 mL of the extracts was 
mixed with 4 mL of methanol DPPH solution. This mix-
ture was then incubated in the dark for 1 hour at room 
temperature. Absorbance was measured at 517 nm after 
incubation. Trolox was used as standard in the range of 
100–600 μmol/L. RSA was calculated as a percentage of 
DPPH discoloration, where ADPPH is the absorbance of the 
methanol solution of DPPH, and Asample is the absorbance 
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Sensory analysis

Sensory attributes are determinants of fruit quality and 
strawberry acceptance by consumers (Resende et  al., 
2008). Therefore, sensory analysis was conducted by 
trained panelists to examine the following properties: 
(1) fruit appearance/attractiveness, (2) color and shine, 
(3) taste, (4) aroma, (5) S/A ratio, and (6) fruit firm-
ness. These attributes are generally considered as the 
most important in previous research (Moskowitz et al., 
2012; Nollet and Toldra, 2008). It is also in accordance 
to the protocol which is performed within BerryLAB 
breeding and selection program. Sensory analysis was 
performed by five panelists, per each of the harvests 
during the main picking period, whereas fruits were 
harvested in an optimal ripeness stage. The overall 
tests were conducted by using 5-point hedonic scales, 
and samples were evaluated with scores from 1 (least 
preferred) to 5 (most preferred). Sensory data are pre-
sented as mean values ± standard deviation, calculated 
from the scores of five trained panelists. The vari-
ability of the scores was used as an indicator of panel 
consistency. Given the limited number of expert pan-
elists (n = 5), sensory results were interpreted descrip-
tively, and statistical analyses were primarily applied to 
explore relationships between sensory attributes and 
chemical parameters rather than to draw generalized 
consumer-related conclusions.

Ethics statement

This sensory evaluation study was conducted at the 
Faculty of Agriculture, the University of Belgrade –in 
accordance with the institutional guidelines for research 
involving human participants (Code of Professional 
Ethics of the University  of Belgrade), the national reg-
ulations of the Republic of Serbia, and the ethical prin-
ciples of the Declaration of Helsinki (2013 revision). 
According to these guidelines, sensory evaluation stud-
ies involving healthy adult participants, where only safe 
food products are consumed, do not require formal 
approval from an ethics committee. All participants 
(n = 5) were fully informed about the study’s purpose 
and procedures, provided voluntary written informed 
consent prior to participation, and were informed of 
their right to withdraw at any time. No personally iden-
tifying information was collected, and all data were 
anonymized.

Statistical analysis of data

Correlation statistical analysis and heatmaps
A heatmap is a data visualization that uses a color cod-
ing scheme to indicate various values, and it can be used 

which is based on the proportion of individual sugars 
present within a sample. The sweetness coefficient 
for each sugar is calculated according to the horticul-
tural product, for instance, in strawberries, the equa-
tion is:

SI = �(1.00 [glucose]) + (2.30 [fructose]) +  
(1.35 [sucrose])� (2)

TA

TA measurements were done by 716 DMS Titrino using 
Tiamo 2.5 software. Acidity was determined according to 
the AOAC Official Method 942.15 for Titratable Acidity. 
Strawberry fruits were homogenized in a blender, and 50 
mL of clear juice was collected. All samples were equili-
brated to room temperature before pH, and acidity mea-
surements were conducted. Approximately 6 g of juice 
sample was weighed in a 100 mL beaker, and 50 mL of 
ultrapure water was added. The mixture was then titrated 
with 0.1 M NaOH to an end point of 8.2 (measured with 
a pH meter). TA was calculated using the following 
formula:

[ ][0.1 ]
[0.064 ( )]100

%

V of used NaOH M NaOH
miliequivalent factor

Acid
grams of sample

= � (3)

Miliequivalent factor was calculated compared to citric 
acid.

Organic acids profile 

Approximately 0.5 g of dried and ground strawberry 
sample was extracted with 10 mL ultrapure water for an 
hour (2 × 30 minutes). For organic acid determination, 
the extract was diluted 5 times fold, whereas injection 
volume was 10 µL (Natić et al., 2024).

The organic acid analysis was performed on Dionex 
ICS 3000 associated with a single-channel pump, con-
ductivity detector and suppressor (DRS 600, Dionex, 
Dynamically Regenerated Suppressor), eluent genera-
tor (EGC III KOH RFIC), autosampler (AS-DV), and 
Chromeleon software. All separations were made on the 
analytical column IonPac AS15 (4 × 250 mm) and IonPac 
AG15 guard column (4 × 50 mm), thermostated to 30ºC. 
The mobile phase flow rate was 1.0 mL/min, and mobile 
phase composition was changed (gradient elution) 
during the analysis in the following order: 0–4 minutes 
= 10 mM KOH; 4–25 minutes = from 10 mM to 60 mM 
KOH (ramp); 25–35 minutes = from 60 mM to 10 mM 
(ramp); and 35–45 minutes = 10 mM. Total analysis run 
time was 45 minutes.
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Results and Discussion

Determination of TPC

TPC was measured across all strawberry samples, 
ranging from 18.2 mg to 26.9 mg GAE/g fresh weight 
(fw). For the progeny line, TPC values ranged from 
16.8 mg to 22.2 mg GAE/g fw, which is consistent with 
previous literature data for certain strawberry variet-
ies (Aaby et  al., 2012; Ristivojević et  al., 2022). TPC 
was found to be higher in the parental line compared 
to the progeny one (Figure 1, Table 2). The average 
TPC was 21.4 ± 2.9 mg GAE/g fw for the parental 
line and 19.7 ± 1.8 mg GAE/g fw for the progeny 
line (Table 2). Statistical analysis using the Mann–
Whitney U Test revealed a significant difference in 
TPC between the two lines (Z = 2.12; p = 0.033), with 
a p-value less than 0.05.

These results highlight the variability in phenolic con-
tent, which can be influenced by several factors, includ-
ing genetic background and differences in the harvest 
timing, since all cultivars were grown in the same plan-
tation but could not be collected on the same day. While 
the progeny line exhibited slightly lower phenolic con-
tent, it is important to note that phenolic composition 

in various forms of analytics (Zitouni et  al., 2020). In 
this work, heatmaps were used to facilitate the monitor-
ing of the obtained results and in order to determine the 
possible correlation and linkage between the content 
of the determined parameters in the case of progeny 
line and parental line samples. Correlation statistical 
analysis and heatmaps were performed based on pan-
elists’ ratings and acceptability of strawberry samples 
and based on the link between the content of panose, 
sorbitol, mannitol, Brix, the ratio Brix/TA, SI, and TA, 
and sensory analysis parameters (taste, aroma, and 
S/A ratio) in the software package R 4.3.1 software (R 
Foundation for Statistical Computing, Vienna, Austria; 
https://www.R-project.org).

Principal component analysis (PCA)

In order to gain a more detailed insight into the struc-
ture of the data and to identify the similarities and spec-
ificity of the grouping of objects, PCA was performed 
based on the content of sugars, acids, TPC, RSA, SI, 
Brix, and Brix/TA. This analysis was performed in the 
software package PLS ToolBox, v.6.2.1 MATLAB 7.12.0 
(R2011a). All data were autoscaled before multivariate 
analysis.

Figure 1.  Mean values of the content of sugars (g/100 g), organic acids (mg/kg), TPC (mg GAE/g fw), RSA (mmol TE/100 g fw), 
SI, Brix (°), and Brix/TA with four experimental blocks (plots) for each sample of parental line and progeny line.
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is a complex trait, and other metabolic factors, such as 
the presence of co-occurring secondary metabolites, may 
also contribute to differences in TPC (Aaby et al., 2012).

Determination of RSA

RSA was evaluated in all strawberry samples, with the 
parental line exhibiting a higher RSA (32.6 ± 3.8 mmol 
TE/100 g fruit fw) compared to the progeny line (31.6 ± 
3.8 mmol TE/100 g fw) (Figure 1, Table 2). However, the 
Mann–Whitney U Test did not reveal a statistically sig-
nificant difference in RSA between the two lines, with 
p-values greater than 0.05. The observed RSA values were 
consistent with, or higher than, those reported in the lit-
erature for certain strawberry varieties such as Favette, 
Alba, and Clery, which ranged from 16.3 to 24.1 mmol 
TE/100 g fruit fw (Fotirić Akšić et al., 2019).

Given the higher TPC in the parental line, it is unsurpris-
ing that it also exhibited greater RSA. Although pheno-
lic compounds are the main contributors to DPPH RSA, 
the assay remains nonspecific and can be influenced by 
the qualitative composition of phenolics, the presence 
of other reducing agents, and matrix effects. Therefore, 
RSA and total polyphenol content may not always show 
perfectly proportional trends.

Brix degrees measurement (ºBx)

Brix is one of the most commonly measured factors for 
evaluating taste, sweetness, palatability, and consumer 
acceptability. Increasing the value of this factor indicates 
increases in the perceived sweetness of fresh strawberry 
samples which may be the reason for better acceptance 
by consumers (Ikegaya et  al., 2019). In the samples 
analyzed in this study, Brix content varied from 6.9º to 
10.1º units (with an average value of 8.3 ± 1.2 Brix units) 
in the parental line, while Brix units in progeny geno-
types ranged from 7.7º to 10.2º (with an average value 
of 9.4 ± 0.8 Brix units). If we take into account that Brix 
units of a minimum of 7 (Acidity Meter & Brix-Acidity 
Meter Catalogue by Atago) are considered as standard 
of acceptable taste, having a higher Brix range of new 
genotypes compared to the parental varieties is a good 
indicator that new selection material performed bet-
ter in evaluation, looking very promising regarding this 
important sweetness parameter.

The good acceptance and rating of progeny strawberry 
cultivars BL34 Sandra, BL29 Nadja, and BL42 Federica 
by panelists can also be explained by the high value for 
the Brix parameter. The values of the Brix parameter for 
the samples BL34 Sandra were 9.6º and BL42 Federica 
were 9.6º, while the value of this parameter for the 
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the osmotic balance, and thus the plant becomes more 
resistant to stress factors. Based on the obtained results 
for the sugar content of the parental line and progeny 
line, it may be inferred that the crossing produced gen-
otypes with a lower content of organic acids and a larger 
level of panose, making them more stress-resistant (Zhao 
et al., 2022). In higher plants, alditols and mannitol are 
osmolytes and solutes that provide resistance against 
various abiotic stresses; therefore; their higher content in 
progeny line compared to parental line could be useful in 
their protection against abiotic stresses.

Therefore, the sugar profile, especially sugar alcohols 
content/presence, could potentially be used as an indi-
cator for strawberry variety selection toward premium 
quality variety, based on the ratio of individual sugars.

SI

The SI was calculated according to Equation (3). The 
parental line exhibited a higher SI than the progeny 
line, reflecting its higher total sugar content (Figure 1, 
Table 2). The SI values were 31.6 ± 5.8 for the paren-
tal line and 25.8 ± 9.8 for the progeny line (Table 2), 
which is in agreement with previously reported find-
ings (Milosavljević et  al., 2023). The higher SI in the 
parental line is expected, as these genotypes generally 
contained higher concentrations of glucose, fructose, 
and sucrose.

According to the previously mentioned authors 
(Milosavljević et al., 2023), new genotype BL 34 Sandra 
had one of the highest SI values (15.0) among the 25 
investigated cultivars, which is in accordance with 
results gained in current research (20.8). However, the 
highest SI was obtained in parental variety Eva (46.0), 
followed by new progeny genotypes BL 42 Federica 
(45.1) and BL 29 Nadja (39.9). There was a similar pat-
tern between genotype ranking in terms of SI value 
and genotype ranking for fructose and glucose con-
tent, which could imply that taste is more influenced 
by monosaccharides in strawberry fruit (Milosavljević 
et al., 2023).

Due to above mentioned factors, the SI could be used as 
a parameter for rough assessment of sweetness and sugar 
content at the very beginning of the research, for identi-
fication and verification of different strawberry cultivars, 
as well as for other berries.

TA

TA is the second most often measured factor used 
to  assess taste, palatability, and consumer acceptance. 

sample BL29 Nadja was lower (Table 2). However, high 
Brix values indicate increases in the perceived sweetness 
which explains why these genotypes are highly rated and 
confirms the fact that these three mentioned genotypes 
are currently considered highly promising future vari-
eties and are currently highly demanded varieties on 
the European market. Also, it should be noted that new 
promising strawberry genotypes 11.22.8, RZ.16.9, and 
11.95.15 have very high values for the Brix parameter 
(exceeding 10.0º) (Table 2). It can be explained by the fact 
that samples 11.22.8 and RZ.16.9. share a male parent, 
while samples RZ.16.9 and 11.95.12 share a female parent 
in the breeding process.

Sugar profile

Soluble carbohydrates are primary metabolites and play 
an important role in the plant’s response to stress and 
maintain photosynthetic capacity by maintaining cell 
membrane stability. In this way, they keep the plant via-
ble independently, protecting the photosynthetic sys-
tem from damage (Zhao et al., 2022). In all investigated 
strawberry samples, nine sugars and two sugar alcohols 
(Table  2) were determined. The most dominant sug-
ars in strawberry samples were fructose and glucose 
(Figure 1, Table 2), which is in line with previous reports 
(Milosavljević et al., 2023).

Taking into consideration simple sugars, panose was the 
most abundant in the studied samples. Sorbitol, manni-
tol, and panose content were higher in the progeny line, 
while other sugars had higher content in the parental 
line (glucose, fructose, arabinose, sucrose, melibiose, 
raffinose, and maltose) (Figure 1, Table 2). A sum of aver-
age values of glucose, fructose, and sucrose was found to 
be 16.1 g/100 g, which is in line with a previous report 
(Milosavljević et  al., 2023). From all the progeny lines 
included in the research, BL42 Federica was predom-
inant in glucose content (10.0 g/100 g), whereas variety 
Eva had the highest glucose content (10.5 g/100 g) within 
samples from the parental line. Genotype BL42 Federica 
was also reported as dominant in glucose concentration 
among 25 different strawberry cultivars, as reported by 
Milosavljević et  al. (2023). The Mann–Whitney U Test 
revealed a statistically significant difference in the con-
tent of mannitol (Z = 2.64; p = 0.008) and sucrose (Z = 
3.12; p = 0.002) between the parental and progeny lines, 
with p-values less than 0.05. It was observed that sugars, 
free fatty acids, amino acids and their derivatives, organic 
acids, and flavonoids accumulate in the plant to varying 
extents as a result of stress during its growth and develop-
ment. It has been proven that, in case of exposure of the 
plant to stress, the content of panose among the sugars 
increases significantly. In contrast, the levels of certain 
phosphate sugars and organic acids decrease to maintain 
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In this study, sugars such as sorbitol, panose, maltose, 
and mannitol, together with malic acid, showed posi-
tive correlations with the Brix/TA ratio (Figure 2A and 
Figure 2B), which is consistent with their higher concen-
trations in the progeny line. These results support the 
direction of breeding efforts aimed at improving fruit 
quality through a more favorable sweetness-to-acidity 
balance.

Based on the obtained results, it can be concluded that 
the parental lines for strawberry samples are, in general, 
more acidic than samples of a progeny line, which goes 
in accordance with earlier research (Milosavljević et al., 
2023).

On the other hand, it should be specifically monitoring 
the content of citric and malic acids, because they are 
considered the most abundant acids in strawberry 
and directly affect the taste of the fruit (Flores Cantillano 
and Silva 2010). Citric acid gives sourness to the fruit, and 
malic acid provides a refreshingly tart taste (Rubico and 
McDaniel 1992). Based on those results, the parental line 
had a higher value of citric acids, thus a sour taste was 
more pronounced, while the progeny line had higher val-
ues of malic acid, and therefore had a refreshing taste. It 
is also consistent with the ratings of panelists, who gave 
lower ratings for aroma, taste, and S/A ratio in parental 
lines of strawberry samples compared to samples of a 
progeny line (Table 3).

Sensory analysis

Results of the sensory analysis indicate that the progeny 
lines had a total average mark (4.3 ± 0.5) value higher 
than the parental line (3.8 ± 0.4) (Table 3), which leads 
to an assumption that new strawberry genetic material 
might be more satisfactory to the market consumers. 
The new progeny genotypes performed better in each of 
the evaluated parameters that affect fruit quality, such as 
attractiveness/appearance, color and shine, taste, aroma, 
and S/A ratio (Table 3). Besides that, new genotypes had 
better fruit firmness, which is an attribute mainly con-
trolled by genotype (Fan et al., 2021). Firmness strongly 
influences the fruit shelf-life and its transportability to 
distant markets—a key factor for overall fruit marketabil-
ity. While taste is strongly cultivar-dependent, it is also 
influenced by the degree of fruit maturity and environ-
mental/cultivation conditions (e.g., temperature during 
ripening), which modulate the concentrations of sugars, 
acids, and volatile compounds in fruits (Fan et al., 2021; 
Hwang et al., 2019; Resende et al., 2008; Schwieterman 
et  al., 2014). The aroma however derives from differ-
ent VOCs, such as esters, alcohols, ketones, furans, 
terpenes, aldehydes, and sulfurous compounds, which 
add up to a complex and distinctive strawberry profile 

The  primary organic acids found in strawberry, citric, 
and malic acids, make up the majority of TA (Koyuncu 
and Tuba 2010; Paparozzi et al., 2018). 

In this study, TA values were similar for both the parental 
and progeny lines, with an average value of 0.54 ± 0.15 
(% TA) for the parental line and 0.50 ± 0.10 (% TA) for the 
progeny line (Table 2). Although TA is not a direct sum of 
individual organic acids, the measured TA values aligned 
with the relative contributions of citric and malic acids 
in each line (Figure 1, Table 2), which is in accordance 
with literature data (Milosavljević et al., 2023). Also, TA 
values of the progeny line were in line with the literature 
data (Caner et al., 2008; Mancini et al., 2020). The paren-
tal line was expected and confirmed to record higher TA 
compared to new genotypes in evaluation. This could be 
supported by the fact that breeding and selection pro-
cess incentives were given toward better fruit quality, less 
acidity in fruits, and hence a better ratio between sweet-
ness and acidity.

Namely, organic acids have a higher effect on taste 
because they make food more sour, which makes it 
harder to taste sweet (Ikegaya et  al., 2019). Because of 
this, the Brix/TA ratio is frequently employed as a gauge 
of strawberry sweetness. These values of the Brix/TA 
ratio were an average of 17.9 ± 4.9 for the parental line 
and 21.4 ± 3.8 for the progeny line (Table 2). Samples 
with higher Brix and lower TA are preferable, leading to 
a higher Brix/TA ratio, such as the one in the new prom-
ising progeny line, which once again confirms the reason 
for their better acceptability by panelists.

Organic acids profile

In this work, six organic acids were analyzed in both 
parental and progeny lines. Malic acid was the most 
abundant in most progeny samples, whereas the paren-
tal line showed higher concentrations of quinic, shi-
kimic, fumaric, and maleic acids. Statistically significant 
differences between parental and progeny lines were 
observed for malic (higher in progeny) and citric acid 
(higher in parental), as shown in Table 2 and Figure 1. It 
should be noted that each organic acid contributes dif-
ferently to total acidity, both chemically and in terms of 
sensory perception, with malic acid providing a refresh-
ing tartness and citric acid contributing sourness to the 
fruit. 

Although glucose and fructose are the predominant sug-
ars in strawberry, the Brix value represents the Brix con-
tent and includes contributions from all soluble sugars, 
organic acids, and other soluble metabolites. Therefore, 
their individual correlations with the Brix/TA ratio do 
not necessarily reflect their quantitative dominance. 
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taste, aroma, and the sugar/acid ratio (p < 0.05), indi-
cating that the panel could reliably distinguish these 
attributes. For fruit appearance/attractiveness, color 
and shine, and firmness, no significant differences were 
detected (p > 0.05).

Also, results of the sensory analysis show that progeny 
strawberry cultivars BL34 Sandra, BL29 Nadja, BL42 
Federica, AR.Nº5, and AR.Nº26 were found to be the 
most prominent and the best rated by panelists for all 
of the evaluated attributes (Table 3). These results were 
in line with the fact that genotypes BL34 Sandra and 
BL42 Federica have been registered in the meantime on 
the European (https://cpvo.europa.eu/en) and Serbian 
(https://sorte.minpolj.gov.rs/) list of varieties, after per-
forming well on the DUS test, whereas genotype BL29 
Nadja has just been registered in the beginning of 2026. 
Genotype BL29 Nadja is still in the process of registra-
tion, while for AR.Nº5 and AR.Nº26, good evaluations 

(Padilla-Jiménez et  al., 2021). Overall, fruity and floral 
strawberry aroma derives particularly from methyl and 
ethyl esters (Abouelenein et al., 2023).

It should be noted that the sensory evaluation was con-
ducted with a small panel of five trained assessors. This 
approach is appropriate for profiling and comparing sen-
sory attributes in a controlled and reproducible manner 
but does not fully represent general consumer prefer-
ences. Consequently, while the results provide an insight 
into relative differences in sensory quality among geno-
types, they cannot be interpreted as direct measures of 
overall acceptability. To confirm consumer preference 
and market acceptability, further studies with a larger 
and more diverse group of untrained consumers would 
be necessary (Resende et al., 2008). We performed one-
way ANOVA for each sensory attribute to evaluate the 
panel’s ability to discriminate among strawberry samples. 
Significant differences among samples were observed for 

Figure 2.  Correlation between individual organic acids (A) individual sugars (B) and the value of ratio Brix/TA. The influence of 
individual components and their contribution to the value of the parameter Brix/TA.
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sugars, acids, TPC, RSA, SI, Brix, and Brix/TA (Table 2) 
in the samples of strawberry—parental line and prog-
eny line. PCA results in a seven-component model that 
explains 83.17% of total variance within the data. The 
results obtained through analyzing the first two prin-
cipal components based on the contents of the men-
tioned parameters (Table 2) in parental line and progeny 
line samples of strawberries are shown on scores plot 
(Figure 3A) and loading plots (Figure 3B and 3C).

The first principal component explains 28.09% of the 
total variance within the data, while the second explains 
15.24%. When examining natural samples with a wide 
range of parameters (variables) and relatively high 

might be a consequence of the same parental varieties 
used in those crossings. Moreover, all of the mentioned 
best-preferred genotypes, except BL42 Federica, have 
had one of the parents used in the hybridization process 
in common. These results also lead to an assumption that 
the results of sensory analysis evaluations comply with 
the Brix/TA ratio for all samples.

PCA and heatmaps

In order to get a more detailed insight into the data struc-
ture and identify similarities and specificities of object 
groupings, PCA was conducted based on mean values of 

Table 3.  Results of sensory analysis—average panelists ratings for parental (1–12) and progeny (13–24) lines for determined fruit quality 
attributes such as: fruit attractiveness/appearance, color and shine, taste, aroma, the ratio between sugar and acidity, and fruit firmness.

Genotype 
No.

Genotype Fruit 
appearance/

attractiveness

Color and 
shine

Taste Aroma Sugar/acid 
ratio

Fruit 
firmness

Average

1 Favette 3.1 3.7 3.3 3.7 3.4 3.1 3.4

2 Alba 4.0 4.8 3.4 2.7 2.7 4.6 3.8

3 Asia 4.7 4.1 3.3 3.4 3.2 3.9 3.6

4 Roxana 3.4 3.9 2.9 2.9 2.9 4.1 3.3

5 Monterey 4.2 4.1 3.3 3.1 3.1 4.9 3.8

6 Portola 4.9 4.6 3.3 3.4 3.4 5.0 4.1

7 Clery 4.9 4.8 4.0 4.0 3.9 4.9 4.4

8 Pir 5 4.7 4.4 4.6 4.3 4.5 4.9 4.6

9 Dely 4.5 4.5 4.1 4.5 3.9 3.9 4.2

10 Eva 3.2 3.0 3.8 4.3 4.0 3.6 3.6

11 Syria 3.5 3.9 3.4 4.2 3.2 4.4 3.8

12 San Andreas 4.1 4.4 2.8 2.6 2.8 4.9 3.6

Average 4.1 ± 0.6 4.2 ± 0.5 3.5 ± 0.5 3.6 ± 0.6 3.4 ± 0.5 4.3 ± 0.6 3.8 ± 0.4

13 Ter 122.2 3.6 3.5 3.3 3.4 3.4 3.8 3.5

14 Ter 91.16 4.0 4.1 3.1 3.1 3.1 3.8 3.5

15 BL34 Sandra 4.9 5.0 4.7 4.7 4.8 4.9 4.8

16 BL 29 Nadja 4.9 4.9 4.1 4.3 4.2 5.0 4.6

17 AR.Nº5 4.8 4.8 4.8 4.8 4.3 4.3 4.6

18 AR.Nº10 4.3 4.2 3.7 4.1 3.9 4.2 4.0

19 AR.Nº26 4.7 4.7 4.6 4.6 4.3 4.5 4.6

20 A.5.2 4.5 4.5 4.3 4.4 4.2 4.9 4.5

21 BL 42 
Federica

5.0 4.9 5.0 5.0 5.0 5.0 5.0

22 11.22.8 3.8 4.0 3.8 3.9 3.7 4.3 3.9

23 RZ.16.9 4.5 4.7 3.8 3.5 3.4 4.4 4.0

24 11.95.15 4.3 4.3 3.9 4.2 3.8 4.4 4.1

Average 4.4 ± 0.5 4.5 ± 0.5 4.1 ± 0.6 4.2 ± 0.6 4.0 ± 0.6 4.5 ± 0.4 4.3 ± 0.5

Sensory analysis was used to confirm the obtained results for the sugar and organic acid profile in studied strawberry samples. The content of  
individual acids and sugars was in accordance with the ratings of the panelists who participated in the sensory analysis (Tables 2 and 3). Therefore, 
we can conclude that the profile of sugars and organic acids significantly influences panelists’ acceptability in terms of sensory properties.
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the ratio Brix/TA were selected as the main factors. In 
addition, the panose content was also taken into consid-
eration because it is higher in the progeny line samples 
than the parental line sample, and the SI and total acidity 
(TA) which have the opposite tendency (Table 2). Based 
on selected parameters, correlation statistical analysis 
was performed in order to determine the possible link-
age between the content of panose, sorbitol, mannitol, 
Brix, the ratio Brix/TA, SI, and TA in the progeny line 
and parental line samples (Table 2) as well as sensory 
analysis parameters (taste, aroma, sugar and acids ratio 
(S.A.), which could explain the better acceptability of the 
progeny line by panelists compared to the parental line, 
which was proven by the results of the sensory analysis 
(Table 3). The results of correlation statistical analysis are 
given in Figure 4.

Based on the results, it can be concluded that the con-
tent of sugar alcohols positively correlates with sensory 

sample variability, with the fact that the progeny lines 
were obtained by crossing the parental lines, it is typical 
to find a low overall data variance captured by a few PCs.

Based on the obtained results on the scores plot 
(Figure 3A), a completely clear separation of the progeny 
line from the parental line cannot be observed, but it can 
be noted that the progeny samples were grouped pre-
dominantly in the negative part along the PC1 axis, that 
is, the positive part along PC2 axes. It can be concluded 
that the main factors influencing the separation of the 
progeny line from the parental line along the PC1 axis are 
sorbitol, mannitol, Brix, and the Brix/TA ratio (Figure 3B 
and 3C), which is in accordance with the obtained and 
previously explained results. 

The result of the PCA analysis was used for further 
selection of the parameters that distinguish the progeny 
line from the parental one. Sorbitol, mannitol, Brix, and 

Figure 3.  PCA based on mean values of sugars, acids, TPC, RSA, SI, Brix, and Brix/TA (B and C) in the samples of 
strawberries—parental line (1–12) and progeny line (13–24) (A).
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possess a more harmonized chemical profile that better 
supports panelists’ perception of aroma complexity. If 
the S.A. ratio is taken into consideration, a better cor-
relation with taste and aroma was recorded in progeny 
line samples (r = 0.94; r = 0.96, respectively; Figure 4), 
which can be related to the fact that the progeny line has 
a lower SI due to lower sugar content and lower acid con-
tent (Table 2), and panelists find those taste and aroma 
more preferable and therefore give a higher rating during 
the sensory analysis (Table 3). Previous reports (Resende 
et  al., 2008) confirm significant positive correlations 
between taste and aroma (r = 0.81) but also show cor-
relation between aroma and SSC (r = 0.78), taste and SSC 
(0.98), and negative correlations between aroma and TA 
(r = −0.6), and taste and TA (r = −0.77).

Overall, the combined analysis of chemical and sensory 
parameters demonstrates clear distinctions between 
progeny and parental lines. While total sugar content 
and the SI were higher in parental samples, this did not 
directly translate into higher panelists’ acceptability. 
In contrast, progeny lines exhibited a more balanced 
composition of sugar alcohols (sorbitol, mannitol, and 
panose), total sugars, and acids, which was positively 
correlated with sensory attributes such as taste, aroma, 
and sugar/acid ratio (Figure 4). TA and individual organic 
acids were higher in parental lines, which may have neg-
atively influenced perceived taste and aroma. Principal 
component and correlation analyses further identified 
Brix, Brix/TA ratio, sugar alcohols, and panose content 
as key factors distinguishing progeny from parental lines 
and explaining the higher sensory ratings observed for 

analysis parameters in the case of progeny line samples, 
while the correlation is negative in parental line samples 
(Figure 4). This confirms that these parameters can be 
responsible for the better acceptability of the progeny 
line by panelists (Table 3). A similar trend was recorded 
for the content of the panose. On the other hand, TA 
in both cases shows a negative correlation with sensory 
analysis parameters, but in the case of the parental line, 
the correlation is more negative compared to the progeny 
line samples (Figure 4), which is consistent with the fact 
that the content of TA (Table 2) as well as the content of 
individual acids (Figure 1, Table 2) is higher in parent line 
samples than in progeny line.

The SI parameter was higher in the parental line, which 
is consistent with its higher total sugar content (Figure 1, 
Table 2). However, this did not translate into a supe-
rior sensory perception of taste and aroma. This can be 
explained by the fact that panelists’ perceived aroma is 
not determined exclusively by VOCs but also by nonvol-
atile constituents such as sugars and organic acids, which 
modulate aroma perception through cross-modal inter-
actions. Higher sugar levels typically enhance fruity aro-
matic notes, while organic acids contribute to freshness 
and overall flavor balance; therefore, the optimal sugar/
acid ratio is crucial for achieving a pleasant aroma–
taste interaction (Klee and Tieman, 2018, Schwieterman 
et al., 2014). In our study, progeny lines showed a more 
favorable sugar/acid balance, resulting in a stronger cor-
relation between SI and aroma rating compared to the 
parental line. This suggests that despite the higher abso-
lute sugar content in the parent line, the progeny lines 

Figure 4.  Heatmaps—correlation of the content of panose, sorbitol, mannitol, Brix, the ratio of Brix/TA, SI, and TA, and 
sensory analysis parameters (taste, aroma, sugar/acidity ratio [S.A.]) in progeny line samples (A) and parental line samples (B).
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conducted based on mean values of sugars, acids, TPC, 
RSA, SI, Brix, and Brix/TA. The result of the PCA anal-
ysis was used for further selection of the parameters 
that distinguish the progeny line from the parental line. 
Sorbitol, mannitol, Brix, and the ratio Brix/TA were 
selected as the main factors. In addition, the panose 
content was also taken into consideration because it 
is higher in the progeny line samples than the paren-
tal line, and the SI and TA which have the opposite 
tendency. 
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progeny genotypes (Tables 2 and 3, Figures 3 and 5). 
These findings highlight that panelists’ perception of 
strawberry quality is not determined solely by total sugar 
content, but by a complex interplay between sugars, 
acids, sugar alcohols, and their relative balance, which 
collectively shape taste, aroma, and overall acceptability. 
The results support the effectiveness of the breeding pro-
gram in producing progeny with improved sensory pro-
files and fruit quality attributes compared to the parental 
lines.

Conclusion

Chemical and sensory analyses were performed to 
assess the acceptability of new strawberry genotypes 
derived from different selection and breeding materials. 
A total of 24 strawberry genotypes, including 12 paren-
tal varieties and 12 progeny varieties resulting from 
their hybridization, were analyzed. Key quality param-
eters such as TPC, RSA, Brix concentration, sugar and 
organic acid profiles, TA, and SI were measured. In 
addition, a sensory evaluation by trained panelists was 
conducted to determine consumer perceptions of qual-
ity changes in the strawberry samples resulting from 
breeding.

The analysis revealed that the parental lines had higher 
TPC, RSA, and organic acid concentrations, which con-
tributed to a more pronounced sour taste and higher 
TA. The progeny lines exhibited higher levels of sorbitol, 
mannitol, and panose, which may enhance stress resis-
tance and lead to a better sweetness-to-acidity balance. 
Furthermore, the progeny lines had a lower acidity pro-
file, which, coupled with higher Brix values, resulted in a 
more favorable sensory profile by panelists.

The sensory analysis indicated that the progeny lines 
were generally better accepted by panelists, with sev-
eral genotypes, including BL34 Sandra, BL29 Nadja, 
and BL42 Federica, receiving the highest ratings for 
overall quality. These progeny genotypes showed sig-
nificant potential for commercial use, especially in the 
European market, where higher Brix values are highly 
appreciated.

In conclusion, the breeding process has successfully 
yielded new strawberry genotypes with improved qual-
ity traits, such as better sweetness, lower acidity, and 
enhanced consumer appeal. These findings suggest 
that the progeny lines, particularly BL34 Sandra, BL29 
Nadja, and BL42 Federica, are promising candidates 
for future strawberry cultivation, offering improved 
fruit quality and higher market demand. To get a more 
detailed insight into the data structure and identify sim-
ilarities and specificities of object groupings, PCA was 
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