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Abstract

Strawberries (Fragaria x ananassa) are among the first fruits consumed in Romania, being appreciated for their
flavour and special nutritional qualities. In the evaluation of the quality of the strawberry fruit, consumers appreciate
the fruit appearance, taste and aroma. The aim of this paper was to analyse fruit quality of some strawberry cultivars in
relation with consumer preferences. The research took place out at Small Fruit Department of Research Institute for
Fruit Growing, Pitesti on 10 strawberry cultivars with different origin. The data were collected for: fruit weight, length,
diameter, firmness, the soluble solids, acidity, five colour indicators, and sensory evaluation. The results showed
significant differences between cultivars regarding the shape index, the fruit firmness and the highest value of content
in total soluble solids was recorded by 'Vibrant' followed by 'Clery'. Regarding the panel test of the fruits the general
score ranged between 5.58 ('Vibrant') to 8.22 ('Matis'). 'Sarom' had the highest weight, dark red fruit colour and
balanced taste.
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INTRODUCTION Jacxsens et al., 2003; Ares et al., 2009). The
sensory quality of strawberries relies on both
Strawberries are among the most appreciated  the fruit's sensory characteristics and how
fruits worldwide due to their exceptional consumers perceive them (Costell, 2002; Ares
flavour and high levels of bioactive compounds et al., 2009). Therefore, the evaluation of
with strong antioxidant properties. Consumers strawberry sensory quality has focused solely
appreciate their distinctive sweet and aromatic on their sensory characteristics (Van der Steen
notes. Main chemical components contributing et al.,, 2002; Pelayo - Zaldivar et al., 2003;
to the fruit's flavour include sugars, organic Péneau et al., 2007; Kim et al., 2020) using a
acids, phenolic compounds and various volatile trained assessor panel.
organic copounds (Klee & Tieman, 2018). The aim of this paper was to analyse fruit
Strawberry aroma is determined by over 360 quality of various strawberry cultivars and to
volatiles low molecular-weight compounds understand consumer preferences for cultivars
produced during ripening (Ulrich et al., 2018; available to grow in Romania. The goal is to
Fan et al., 2021). Previous studies have shown assist growers in selecting the most suitable
significant correlations between these volatile strawberry cultivars based on marketability,
compounds and the intensity of sweetness and sensory  quality, and  physicochemical
flavour in strawberries (Tieman et al., 2012; measurements.
Klee & Tieman, 2018; Fan et al., 2021) as
observed by consumer panels evaluating =~ MATERIALS AND METHODS
different strawberry genotypes.
However, the visual impression and texture are The experiment was conducted during 2021-
also crucial for complex sensory perception. 2023 at Small Fruit Department of Research
When choosing fresh fruits, shoppers consider  Institute for Fruit Growing Pitesti, Romania on
colour and appearance as important quality  ten strawberry cultivars of different origin: two
factors (Ragaert et al., 2004; Lewers et al., Romanian ('Premial’, 'Sarom'), five French
2020). Also, sensory quality often limits the  ('Daroyal’,  'Darselect, 'Dona’, 'Matis/,
shelf life of fresh fruits. (Jacxsens et al., 2002; 'Magnum'), one Italian ('Clery'), one
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Netherlands (‘'Elsanta’) and one English
('"Vibrant'). Three replications, 10 plants in
each, were planted at distances of 0.3 x 0.90 m
using black plastic mulch. The strawberry fruits
were harvested at commercial maturity and the
fruits samples were analysed immediately after
picking. The indicators studied were recorded
on a sample of 20 strawberry fruits. The
average fruit weight was determined by
weighing of each fruit using HL-400 digital
balance. The fruit firmness was determined for
each sample with a penetrometer Bareiss HPE
I Fff non-destructive test, with a measuring
surface of 0.50 cm?. The length and diameter of
the fruit were determined by measuring this
using digital calliper. The shape index of the
fruit was calculated as the ratio of these two
dimensions (Tudor et al. 2014, Jamieson,
2016). The short-conic strawberries have
length/width of about 0.9-1.1 and long-conic
fruits 1.2-1.4. The soluble solids content was
determined with digital refractometer PR
Series. The pH values were measured in
strawberry fresh juice using a pH meter (ISFET
pH Meter, 1Q 125, Japan). The external fruit
colour was determined with a colorimeter
Konica Minolta CR 400, based on system
Huntel L*, a*, b* on both sides of the fruit by
measuring the lightness or L* (+100 = white,
—100 = black), a*(+60 = red, —60 = green), and
b*(+60 = yellow, —60 = blue). Chroma index
(colour intensity) was determined by the
formula C = (a*> + b*?)""? and hue angle of the
formula h® = arctangent (b*/a*), where 0° =
red-purple, 90° = yellow, 180° = bluish-green
and 270° = blue (McGuire, 1992; Lester &
Saftner, 2008), Saftner and Lester, 2009). The
sensory evaluation of fruits was recorded by
open taste panels consisting of researchers and
students from Faculty of Horticulture. Whole
fruits were presented to members on platters
(10 typical fruits of cultivars), to rate
attractively and flavour, in points 1 to 5 (in
which 5 designates the best performance)
according to a questionnaire used by the
Romanian breeders. The rating of fruit
appearance was based on fruit size and shape,
skin colour. The rating of intern characteristics
of fruit was based on taste and aroma. The total
point value was obtained by summing the
scores for appearance and intern characteristics
of fruit. The statistical analysis of the data was
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performed the SPSS 14.0 software and the
Duncan comparison test was used to determine
the difference between variants, with an error
probability of <0.05.

RESULTS AND DISCUSSIONS

The study found significant differences in the
investigated parameters among different
strawberry  cultivars. The  quality  of
strawberries is influenced by factors such as
their appearance (color intensity, size, and
shape), firmness, and aroma. These attributes
are affected by a combination of genetic
factors, environmental conditions, and
cultivation practices. This highlights the
importance of considering these factors when
evaluating and optimizing the quality of
strawberries for commercial production.

The average fruit weight, an important
commercial factor for fresh consumption,
varied significantly among the cultivars, with
'Sarom' showing the highest average fruit
weight of 28.73 g compared to other cultivars
(Table 1). During this study, significant
differences in fruit shape index were observed,
ranging from 0.90 ('Premial’) to 1.37 ('Clery"),
with the latter exhibiting long-conic fruits
(Table 1).

The study found a significant difference in fruit
firmness between the cultivars and showed
higher resistance value for the 'Dona’ (48.49 N)
and 'Magnum' (45.07 N) significantly big fruit
compared to the other cultivars tested (Table
1).

The flavor of the fruit is influenced by its
soluble solids content, as noted by Tomic et al.
(2022). The quantitative variation in soluble
solids content can be attributed to genetic
factors, fruit ripeness, climatic conditions, and
various other influences. These factors
collectively impact the taste and sweetness of
the fruit, emphasizing the importance of
understanding and managing these variables for
optimizing fruit quality.

The total soluble solids quantity of the studied
cultivars ranged from 8.17 to 10.37 ©°Brix
(Table 1), with 'Vibrant' and 'Clery' having the
highest values. The pH values were highest for
'Darselect' and 'Vibrant' (4.15) and the lowest
for 'Sarom' (3.51).



Table 1. Fruit size, firmness and total soluble solids characteristics and pH of strawberry cultivars
(average + SD; 2021-2023)

Fruit weight

Cultivar )

Fruit shape index

Fruit firmness Total soluble

19.25+3.60"

1.37£0.07*
'Daroyal' 20.64£1.71° 1.17:£0. 10t
'Darselect’ 20.26£2.51° 1.15+0.14b
"Dona’ 213741 81° 1.28+£0.03
"Elsanta’ 18.49+2.50 e
g 21.1242.48b 0.9740.05¢
'Magnum' 17.55%1.42° 1.18£0.17"
TR 18.2+2.41° o
'Sarom' 28.73+4.44% 1.2140.07%
"Vibrant' 17.4£0.35° 1.15£0.14

™ (2(1);;?5)
30.8+7.28% 10.2740.50° 3.56+0.06%
3133£11.87¢ 8.1721.16¢ 3.90+0.08%
33.5343.46% 10.3740.640 41540120
48.49+3.13° 8.50:0.20¢¢ 3.84£0.41 ¢
25.00+7.60% 8.40:£0.54< 3.800.23b¢
33.2349.98% 8.50+0.50¢¢ 4.07£0.23°
45.0729.07° 9.42:£0 357 3.80:£0, 143t
17.90£1.97¢ 9,170,500 3.58+0.13%
26.9747 35 10.030.06% 3.5120.07¢
33.5343.46% 10.3740.64° 41540120

*The values in the table that do not have common letters differ significantly for a statistical assurance level of 5% (p <0.05)

The colour of strawberries is a crucial factor as
it directly impacts the fruit's commercial value.
Consumers generally prefer strawberries the
fruit with a vibrant, strong, red colour. The
fruit's external colour is influenced by its geno-
type. The study observed statistically similar
values for indicators L*, a*, b* C*, and h°
among the different cultivars. Specifically, L*

values from 26.09 ('Sarom') to 32.07 ('Elsanta’),
C* from 24.06 ('Sarom") to 31.72 ('Elsanta')
and h° from 21.8 ('Dona’) to 25.38 ('Premial’)
(Table 2). In this colour spectrum, lower L*
and h° values indicate a darker red colour,
while the higher values represent the lighter,
orange-red colour.

Table 2. Fruit quality colour characteristics of strawberry cultivars (average + SD; 2021-2023)

Chromaticity
Cultivar Brightness (L*) a*- axis
(red-green)
'Clery' 3
ery 29.69+2.61% 27.49+3.92¢
0 \

Daroyal 29.31+1.12% 26.07+0.96*
'Darselect’ 20.4343.75% 27.7745.46°
1 1

Dona 29.75+1.37% 28.64+2.71°
0 \

Elsanta 32.07+0.352 28.77+3.172
1 . !

Matis 29.92+1.67% 26.62+4.91%
] '

Magnum 30.1942.59% 25.52+0.97°
[ o q?

Premial 26.48+3.63b 27.27+2.15°
A '

Sarom 26.09+0.59 22.17+3.93¢
Tyre '

Vibrant 29.43+3.75% 27.77+5.46°

*The values in the table that do not have common letters differ significantly for a statistical assurance level of 5% (p <0.05)

Sugars and organic acids, along with volatile
and aroma compounds, are the primary factors
that influence the sensory perception of fruits.
These components collectively contribute to the
taste, aroma, and overall sensory experience of
the fruit. (Milosavljevi'c et al., 2023). Panel
evaluations of whole strawberries revealed no
significant differences between cultivars in
terms of size, form, firmness, visual freshness,

Ch;gtni‘t::ity Chroma The angle
(yellow-blue) Lk (€5 @y
12.08+2.39% 30.03+4.50° 23.62+1.83°
11.681.34% 28.59+0.63° 24.15£3.07*
12.572.60% 30.48+6.03 24.33+0.66"
11.42:2.37% 30.85+3.38¢ 21.58+2.38
13.310.42° 31.7242.9° 24.97+2.37"
12.16+1.45% 29.27+5.07° 24.70+1.36"
11.56:£1.49% 28.04-1.08" 24.34+2.920
12.97+1.82 30.21+2.54 25.38+2.36"
9.26+0.98° 24.06+4.00* 22.77+1.372
12.57+2.60% 30.48+6.03 24.33+0.66"
glossiness, colour uniformity, and calyx
freshness (Table 3).

This suggests that strawberries from all

cultivars were perceived as equally fresh,
indicating that they are suitable for further
evaluation.

The panel also did not detect significant
cultivar  differences in strawberry size
acceptability (Table 3). 'Matis' and 'Sarom'
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were found to be more acceptable in size (large  perception of form acceptability, with ranged
enough than and 'Darselect' and "Vibrant' (too from 3.48 ('Elsanta’) to 4.31 (‘Matis').

small). While 'Sarom' was heavier than  The assessment of firmness by the panel did
'Vibrant' based on measurable observations, not correspond to the texture penetrometer's
evaluations of form acceptability by the panel  evaluation of skin toughness. The panel's
were not similar to any physical measurements. ratings for firmness were similar to the overall
The measured length-to-width (l/w) ratio quality. Research by Schwieterman et al.
ranged from 0.90 (‘'Premial’) to 1.37 ('Clery") (2014) similarly found that firmer textures are
and was not closely associated with the panel’s  preferred

Table 3. Results of strawberries sensory evaluation (average + SD; 2021-2023)

Cultivar Size Form Firmness Color fr(e:si;ll:zss Tg:t:o?:;d (}seclz)il;al
"Clery' 3494110  3.86£121°  3.50£0.76®  3.8241.22%  3.32+1.03° 3.84+0.89° 6.81£2.11°
"Daroyal' 3.85+0.48° 4.28+0.582 4.59+0.57° 3.36+0.79° 3.37+0.55° 4.06+0.47° 7.22+0.99°
"Darselect’ 35350 50¢ 3.80£0.50°  3.30+£0.89®  3.58+0.71°  3.98+1.34 3.8740.57¢ 7.2141.86°
"Dona’ 3.8440.79* 3.93£048°  3.06£0.57°  3.71%0.56*  3.45+0.71° 3.97+0.41° 7.2941.47¢
'Elsanta’ 3.4+0.99¢ 348+0.84° 337077  3.27+0.79*  2.97+1.04% 3.04+0.44° 6.36+2.03
'Matis' 43740.77°  431£0.86°  3.50£0.76®  3.59+0.68  3.86+0.79° 3.3120.63 8.2241.54%
'Magnum' 383005 374£0.89"  4.36£0.67%  431:0.86° 4275035  3.91:0.51° 81127
'Premial’ 3.7141.00° 3.79+0.89°  3.07£0.59  3.46+0.80°  3.48+0.50° 3.5940.30 7.1941.48°
'Sarom' 4.09:£0.94 3.7940.97°  4.10£0.88%®  3.62+1.00°  3.62+1.00° 3.8840.69 7.7140.87¢
'Vibrant' 2.8840.53 37120750 4.03£036®  3.65:0.57*  2.69+0.63 3.3440.18 5.5840.93¢

*The values in the table that do not have common letters differ significantly for a statistical assurance level of 5% (p <0.05)

The panel test did not detect significant  highest score found in the ‘Matis’ followed by
differences in glossiness and visual colour  'Sarom' (7.71), ‘Dona' (7.29), 'Daroyal' (7.22),
intensity. The panels rated 'Elsanta’ as having  and 'Darselect' (7.21) Table 3.

the lowest colour intensity score (Table 2), with

the highest L* and C* values, indicating that ~ CONCLUSIONS

these strawberries were lighter red and had the

greatest colour intensity (Table 3). 'Sarom' was The cultivars 'Matis' and 'Sarom' have been
among the lowest for the colour parameters, L* highly rated for their attributes, with 'Sarom'
and b*, indicating it was among the darkest and specifically standing out for its size and quality
most blue (Table 3). The chroma index was  of fruits. This suggests that both cultivars
also among the lowest (Table 3), suggesting a  would be well-suited for cultivation in the
less shiny appearance compared to the other  central region of Romania and other areas with
cultivars. similar environmental conditions. The positive
The panel observed an interaction between the  ratings from panel evaluations and instrumental
estimated calyx freshness and the overall measures indicate that these cultivars have the
quality. Some cultivars were found to have  potential to thrive in these regions and produce
higher calyx freshness than others (Table 3). high-quality strawberries.

No significant differences in strawberry flavour
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