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Abstract

Scab-resistant apple varieties are essential for organic farming, which has seen significant growth in Europe
recently. Although breeding for scab resistance has produced several commercially competitive varieties, a
truly exceptional candidate in terms of quality attributes is still lacking. Therefore, this research aimed to assess
the fruit quality traits of ten apple varieties, including both scab-resistant and non-scab-resistant types,
cultivated in different locations with similar climatic conditions. The traits evaluated encompassed both physical
and chemical characteristics, such as fruit size, weight, shape, firmness, pH, water content, titratable acidity
(TA), total soluble solid content (TSS), and Vitamin C levels. The results indicated that ‘Jonagold’ and ‘Pinova’
cultivars excelled in terms of physical properties, while ‘Pinova’ and ‘Champion’ cultivars’ chemical
characteristics registered higher values as compared to other cultivars under study.
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Introduction

The cultivation of organic fruits and the use of non-chemical management techniques are increasingly
vital for sustainable fruit production. Regulatory bodies are progressively banning or limiting chemical usage
to ensure safer food products for consumers, free from harmful pesticides and with reduced environmental
impact. However, this shift may compromise certain quality characteristics of the fruit, both physical and
chemical [38]. The transition from chemicals-based pest and disease management to organic farming
represents a great challenge for farmers to deal with [35]. A crucial sensory attribute of fruits is the general
aspect of the fruit which has a great influence on their attractiveness and market value. The most important
quality parameters of horticultural products are size, color, shape, texture/firmness, and taste. However, all
these quality traits can be compromised by apple scab (Venturia inaequalis) which can diminish considerably
the market value of apple fruits.

Apples are highly popular and widely consumed, valued for their delightful taste, juiciness, vibrant
color, appealing texture, and nutritional benefits. They have excellent storage capabilities, are available year-
round in the market, and are regarded as healthy food choices due to their long shelf-life capacities [23]. In
addition to their fresh consumption, apples can be used as raw material for various processing technol-ogies
[18, 31]. Among these apple products juices [34], dried fruits [16], preserves [19, 10], or puree are the most
common [17]. Additionally, fermentation processes can produce various apple products, includ-ing probiotic-
fermented apple juices [27, 29, 9] and cider [37, 20, 11], as well as fermented items made from apple pomace,
which are considered industrial by-products [6, 21, 15, 42]. The high nutritional value of fruits, the sugars-
acidity ratio, and the sensory characteristics are health-promoting resources that can-not be found in any
agricultural crops [28]. Apples are seasonal fruits, however, under proper storage conditions, their shelf life
can be extended through months and consumed all year round [3, 5].

In the last years, climate change with its consequences and various social, economic, and political
issues and limitations brought significant pressure on farmers. Organic farming expectancies, lack of labor,
and financial difficulties generate a desperate need for new crop varieties to ensure food safety and security.
Even though several new apple varieties have been obtained worldwide, the conservation of genetic re-
sources and launching new cultivars witnessed a discontinuity in the recent years [35]. New apple culti-vars
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need to be bred with high resistance to important diseases such as apple scab or mildew to avoid food
insecurity and to provide a satisfactory balance between food demand and food supply at reasonable prices.

Previous reports suggest that orchards where both susceptible and resistant cultivars are grown are
less affected by apple scab [13, 7, 26]. Although the use of different cultivars in an orchard has been shown
to reduce apple scab occurrence. The use of highly effective products is not always the key to cure the trees.
The time of application of fungicides, weather conditions, prediction models, and orchard hygiene are critical
for effective scab management [4, 30].

Therefore, the primary objective of this study was to evaluate and compare the fruit quality traits of six
scab-resistant and four scab-susceptible apple varieties to highlight their potential for marketability and
breeding.

Material and Method

Plant material

To carry out this experiment apple fruits were harvested from high-density apple orchards located in
Cluj-Napoca (46°46'0"N 23°35'0"E) from Romania and Orhei (47°23'N 28°49'E) from the Republic of Moldova.
The 12-years-old apple trees were grafted on M9 rootstocks. Ten trees of six scab-resistant (R) cultivars
(‘Topaz’, ‘Pinova’, ‘Rozela’, ‘Generos’, ‘Florina’, ‘Champion’) and four scab-susceptible (S) cultivars
(‘Jonagold’, ‘Reneitte Simirenko’, ‘Golden Delicious’ and ‘ldared’) were selected to be analyzed in this
experiment (Fig. 1). Thirty fruits were harvested from each tree at optimum stage of maturity, when a significant
proportion of fruits had its surface colored in red or blushed colour (Fig. 1) and subjected further to quality
analyses.

Determination of pomological properties
Thirty apple fruits from each cultivar were randomly chosen and subjected to analyses.

Physical characteristics

To measure the weight of the apple fruits a WLC 6/A2 high precision balance (Partner, CE) was used.
The size of the fruits was then measured with a digital caliper including the length (L), width (W) and thickness
(T) of the fruits. The fruit shape index was then calculated as a ratio between fruit length and fruit width. The
fruit firmness was measured using a digital Force Gauge PCE-PTR 200N with a penetration tip of 8 mm
diameter and expressed in kgf/cm2.

Chemical characteristics

The total amount of soluble solids (TSS) was determined using a Kern Optics ORA 4FA refractometer
at room temperature. Total sugars were quantified according to Luff Schoorl method by extracting the sugars
in ethanol [12]. Titratable acidity was determined by titration with a NaOH (0.1 N) solution [8]. The results were
expressed in % of malic acid. The TSS:TA ratio was also calculated indicating the maturity index of the fruits.
The pH of the samples was determined using a portable WTW 3310 pH meter. To determine the water content
of the apples, the cores were removed and the fruits were sliced and placed in a Memmert Um UF260 m oven
until constant weight at 60°C and then the water content was calculated according to the following formula:

fresh weight — dry weight
Water content (%) = - x 100
fresh weight

The Vitamin C (acid ascorbic) content was determined by iodine titration [33].
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Figure 1. Fruit appearance of the apple cultivars used in this study

Statistical analysis

SPSS 20.0 and Past 4.03 Softwares were used to perform statistical analyses. The analysis of
variance (ANOVA) was assessed first to evaluate the level of significance (P < 0.05) regarding the quality
parameters between the apple cultivars. Afterward, Tukey’'s HSD test was conducted to compare the means
of the resulting data. Pearson’s correlation has been assessed to measure the degree of relationship between
the quality traits analyzed in this study.

Results and Discussion

The physical characteristics of the apple fruits analyzed are presented in Table 1. The results show
that fruit length ranged between 5.19 and 7.66 cm among the cultivars analyzed. Fruit width varied from 6.54
and 8.71 cm, while fruit thickness ranged between 6.45 and 7.96 cm. Therefore, in terms of fruit size, based
on the three measured dimensions of the apple fruits, ‘Generos’ cultivar had the biggest fruit size, followed by
‘Rozela’ and ‘Jonagold’. After fruit dimensions, fruit weight is another important quality trait that defines the
size of a fruit. The data show that fruit dimensions were positively correlated with fruit weight. The highest
values in terms of fruit weight have been registered for ‘Generos’, ‘Jonagold’, and ‘Champion’ cultivars. The
lowest fruit weight was recorded in ‘Reneitte Simirenko’ cultivar (121.89£1.98 g). In some cultivars, fruit
firmness can be positively correlated with fruit size (ex. ‘Royal Gala’) which denotes that larger fruits were
slightly firmer at harvest [18].
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Table 1. The main physical characteristics of the apple cultivars under study at harvest

Delicious S 6.46+0.19 bde | 6.98+0.133° 6.92+0.12 b¢ 1.21+0.01 cde 141.88+3.80 ¢ | 4.67+0.152

Champion R | 5.98+0.26 7.29+0.28 &b 7.22+0.30 b¢ 1.22+ 0.02 cde 197.1946.03 © 3.92+0.152

10 Idared S 5.99+0.16 bed 7.0620.29 2 6.97+0.29 b° 1.18+0.01 ¢ 125.91+4.88 2 4.45+0.50 2

"Note: R-scab resistant; S-susceptible to scab. The data presented are means+S.E. Lowercase letter in common indicate no significant
differences between the apple cultivars within the same fruit quality parameter according to Tukey’s HSD test at p<0.05, n=30.

. Fruit length Fruit width IS Fruit shape Fruit weight Firmness
Cultivars thickness . 2
(cm) (cm) (cm) index (9) (kgf/lcm?)
1 Topaz R 6.24+0.09 bede | 7,.74+0.08 b° 7.96+0.09 ¢ 1.25+0.01 % 169.14+£13.26 3¢ | 6.98+0.03 °
2 Jonagold S 6.81+0.14 ©f 7.71£0.09 ¢ 7.50+£0.13 < 1.11+0.02 202.10+£16.32 ¢ 6.64+0.17 °
3 PinovaR 6.87+0.23 ©f 7.62+0.16 ¢ 7.40£0.21 bed 1.09+0.01 @ 188.83+22.67 b° 7.4410.63°
4 Rozela R 6.78+0.18 ¢ 8.17+0.28 < 7.97+0.26 ¢ 1.19+0.03 < 181.56+£10.41 3¢ | 5.74+0.22°
5 Generos R 7.6620.08 8.710.09 ¢ 7.85+0.54 ¢ 1.18+0.02 ¢ 292.660+5.009 | 4.75+0.33 2
Reneitte a a a R a a
6 Simirenko S 5.194£0.12 6.54+0.11 6.45+0.10 1.26+0.02 121.89+£1.98 3.8710.27
7 Florina R 5.86+0.11 2 6.77+0.122 6.79+0.10 2 1.16+0.01 b° 135.43+10.61 2 | 6.12+0.25"
8 Golden
9

Fruit firmness is an important maturity index in association with other fruit quality parameters. Delayed
harvest can lead to softer fruits with low storability capacity and increased storage disease susceptibility. Thus,
apple fruits are recommended to be harvested with a firm texture to extend their shelf life, but it has to be
mentioned that fruit firmness depends on the cultivar as well [1, 23]. Fruit firmness of the chosen apple cultivars
at harvest varied from 3.87 kgf/cm2 in ‘Reneitte Simirenko’ to 7.44 kgf/cm2 in ‘Pinova’. These results are in
accordance with those reported by Oltenacu and Lascar (2015) who claim that storage decreases firmness in
most of the apple cultivars in different percentages [25]. Fruit shape is an important external quality trait of the
fruit which influences the usage of fruits and also consumers’ preferences. In this regard, the shape index of
the apple fruits varied slightly among the cultivars indicating a profile shape of flat to roundish. The data show
that ‘Reneitte Simirenko’, ‘Topaz’ and 'Champion’ cultivars had the flattest shape of the apples. On the
opposite, ‘Pinova’, ‘Jonagold’, ‘Florina’ and ‘Golden Delicious’ cultivars had a more pleasant aspect and a
round shape of the apples. A previous study demonstrates that the round shape of hedonic foods increases
the desirability, choice probability and consumption [43]. These results could be considered in future breeding
programs to improve fruit quality through desirability and positive effect which influence the judgment of the
consumers.

The results of the chemical analyses revealed that ‘Pinova’ cultivar had the highest Vitamin C content
(5.84+0.12 mg/100 g), 2-fold higher than most of the other cultivars under study (Table 2). Similar Vitamin C
(5.5 mg/100 g) and TSS contents (16.5 g/100 g) were reported by Solomakhin and Blanke (2010) when
investigating the influence of coloured hailnet on sensorial and nutritional attributes of ‘Pinova’ and ‘Fuji Kiku
8’ apple trees [36]. After ‘Pinova’, the Vitamin C content of ‘Topaz’ and ‘Jonagold’ cultivars ranged between
3.14+0.12 and 3.80+0.08 mg/100 g). The lowest ascorbic acid content was found in the fruits of ‘Florina’ apples
(2.24+£0.11 mg/100 g).

The total soluble solid content in the investigated apple cultivars was ranging between 12.66£1.61%
and 16.93+0.92%. The highest TSS content was found in ‘Champion’ (16.93£0.67%), followed by ‘Idared’
(16.66+£0.60%), ‘Reneitte Simirenko’ (16.66+£0.92%) and ‘Rozela’ (16.62+0.51%) with similar contents (Table
2).

The lowest content of TSS was detected in ‘Florina’ cultivar (12.66+1.61%). These variations in TSS
content between the cultivars could be attributed to several factors that influence the sugar accumulation in
fruits. Many research have shown already that TSS levels increase in fruits as they ripen and pH decreases
simultaneously [14, 41]. Other factors, such as temperature has a crucial role in these changes: as temperature
increases the TSS content in fruits decreases [22]. According to previous research, the skin colour of the fruits
is positively correlated with TSS content and it can be reduced by high rates of nitrogen and potassium which
increases the organic acid content in fruits and reduces the TSS/TA ratio [40, 41].

The TSS/Acid ratio is a key characteristic in determining the taste and the feel of the fruits which relies
in their characteristic falvor. It is also an important indicator of commercial ripeness [39]. At the beginning of
the fruit ripening process the TSS/TA ratio in low due to the low sugar content and high acid content of the
unripen fruits. During ripening acids become degraded in fruits which determines the increase of the sugar
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content and the TSS/TA ratio[2]. The TSS/TA ratio varieed from 0.60 to 1.32 among the apple cultivars
analysed. The highest values were recorded in three scab-resistant cultivars such as ‘Generos’ (1.32), ‘Rozela’

(1.25) and ‘Pinova’ (1.04).

Table 2. The main chemical properties of apple cultivars under study at harvest

Cultivars -I;%tﬁgssc_’l.llfglse Total sugars Ti;;?(tj?gle TSS/TA Vitamina C pH Water content
o (/) o (mg/100g) (%)

1 Topaz ® 15.20£0.70 % | 136.4247.45% | 2513:0.35° | 0.60° | 3.80:0.08° | 3.422 | 85.92+0.17°¢
2 | Jonagolds | 14.10£0.87° | 124.71:9.24% | 21.79:0.26° | 0.65° | 3.14#0.12% | 352%® | 83.32+0.71°%
3 | Pinova® 14.424029° | 128.15¢3.08% | 13.82+0.522 | 1.04° | 584+0.12° | 3.87° | 84.53:0.15°¢
4 | Rozela® 16.62¢0.51° | 109.00t542% | 13.33:0.662 | 1.25¢ | 2.86+0.06%® | 3432 | 85.51+0.60°
5 | Generos® | 155t0.74b° | 105.25:0.74¢ | 11.76+0.332 | 1.32¢ | 258+0.03%® | 3.72% | 80.85+0.23 %
6 Slﬁnﬁ?ee;]‘&i < | 16.66:0.92° | 151.23:0.92¢ | 24.79:0.11° | 0672 | 2.26£0.092 | 3.342 | 80.83+0.55%
7 | Florina® 12.66£1.612 | 108.82+1.612 | 20.25:0.23™ | 0.63° | 2.24+0.11° | 3.89°¢ | 79.40+0.832
8 Dgiocli‘(j)i”s . | 14.66£0.60° | 130.00£0.60° | 15.66+0.53% | 0.94° | 2480112 | 3.90°¢ | 81.740.66
9 | Champion® | 16.93:t0.67° | 154.43:0.67¢ | 20.20:0.33™ | 0.84° | 254+0.07% | 3.90¢ | 80.36+0.51°
10 | Idared s 16.66£0.60° | 151.23:0.60¢ | 19.66:0.11" | 0.85° | 257¢0.09% | 3.90¢ | 79.97+0.81°

"Note: R-scab resistant; S-susceptible to scab. The data presented are means+S.E. Lowercase letter in common indicate no significant
differences between the apple cultivars within the same fruit quality parameter according to Tukey’s HSD test at p<0.05, n=30.

Beside flavour and crispyness, the water content or the juiciness of the apple fruits has a great
influence on consumer’s judgement. It is well known that vegetables have a water content of 90-96%, while
fruits have a slightly lower content which ranges between 80-90% [32].

Apple fruits contain approx. 80-84% of water [24]. The results show that all the apple cultivars had a
water content around 80%, however the highest water contents were recorded in ‘Topaz’ (85.92+0.17) and
‘Rozela’ (85.51+0.60%) cultivars, followed by ‘Pinova’ (84.53+0.15%) and ‘Jonagold’ (83.32+0.71%) with
similar content. The least juicy cultivars were ‘ldared’ and ‘Florina’ with a water content slight below 80%
(79.97+0.81%; 79.404£0.83%).

Fruit quality is given by a series of fruit attributes perceived and evaluated by the consumer. The first
and decisive attributes are the general aspect (the attractiveness) and flavour. Therefore, in order to evaluate
the fruit quality traits of the 10 apple cultivars under study, Pearson’s correlation has been assessed to examine
the relationship between external and internal fruit characteristics (Fig. 2).

The results of the Pearson’s correlation indicate a positive linear correlation between fruit firmness
and fruit weight (r=0.75, P<0.05); fruit dimensions and TSS content: r=0.59 (fruit length/TSS); r=0.79 (fruit
width/TSS) and r=0.84 (fruit thickness/TSS) P<0.05. It has been shown, that TSS content and water content
(WC) of the fruits are positively correletaed with fruit weight as well: r=0.96 (TSS/fruit weight); r=0.66 (WC/fruit
weight) at P<0.05. Furthermore, it can be observed that fruit firmness, TSS content and water content are all
positively correlated to titratable acidity content (Fig. 2).

The pH of the fruits seemed to be influenced by fruit size, fruit weight and fruit firmness. The Vitamin
C (ascorbic acid) content was strongly correlated with pH (r=0.91), fruit weight (r=0.63), TA (r=0.56) and TSS
content (r=0.54) at P<0.05. Total sugars, followed the same pattern of correlation to all the fruit traits as TSS
content.

68



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 28(2), 2024, 64-71
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797
Online ISSN: 3045-1876

]
.2 3. BPBEELEP

gl @le «lel@ . [ B I

L I I o +|® . PN
wl | Clel - [0/@ ¢ ]

T ® o 0 -

M .- ...---.I. !

- ' ' @0 -0 e|po
T35 R -0.333
wel || T .r-I- e
. . | i P ra 4
oHl | ] ] ]

e . | I ! -

TS |

Figure 2. Pearson’s correlations between the internal and external characteristics of apple
fruits. Sl-shape index; L-fruit length; W-fruit width; T-fruit thickness; M-fruit weight; F-fruit firmness; TSS-total
soluble solids; WC-water content; TA-titratable acidity; pH-pH; Vit C-ascorbic acid content; TS-total sugars.

Conclusions

The findings of our research serve as a real proof that scab-resistant apple varieties have a great
potential and possess valuable fruit qualities even if some non-scab resistant cultivars overtake them in terms
of fruit firmness, TSS and Vitamin C content. The existence and broadening knowledge about scab-resistant
cultivars may offer valuable information and resources for future breeding programs to improve the
performance of future varieties.
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