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Apples are considered as one of the most important fruit crop with excellent health benefits and extensive
area of cultivation. Majority of their benefits is associated with the content of antioxidants (including

carotenoids and phenolic compounds).

Carotenoids are a major class of natural, coloured isoprenoid pigments that are synthesized by all
photosynthetic organisms. In plants, they are essential for photosynthesis, photoprotection and the
production of carotenoid-derived phytohormones. In mammalians, carotenoids represent a vital component
of diets given both by their antioxidant activity and by providing precursors for vitamin A biosynthesis.
Carotenoids together with other pigments give colours to fruit tissue which contributes to the sensory quality
and enhance not only commercial value of fruits but also bring potential health benefits to consumers by

reducing the risk of some diseases.

Phenolic compounds constitute a substantial and an important group of phenylpropanoids produced by
plants as secondary metabolites. Phenolic functions in plants are as diverse as their structural variations and
they play a crucial role in plant defence against both biotic and abiotic stresses. Recently, phenolic
compounds have received considerable attention because of their antimicrobial and antioxidant properties,

bioavailability and bioefficacy in humans.

The aim of this work was to determine the concentration of selected carotenoids (neoxanthin, violaxanthin,
antheraxanthin, lutein, zeaxanthin and [3-carotene) and phenolic acids in selected scab resistant and
powdery mildew tolerant apple varieties originating from the Station of apple breeding of the IEB. We
investigated three different apple varieties - Luna (yellow), Red Topaz (red) and Karneval (streaked) for their
antioxidant contents in peel and flesh immediately after the harvest and after 7 months of storage.

All concentrations of carotenoids and phenolic acids are stated in nmol/g DW.

The content of selected carotenoids in apples just after harvest

Total content of carotenoids in peel and flesh of three harvested apple varieties Composition of carotenoids in whole harvested apples

(% of total content)

RedTopaz

RedTopaz Karneval

The comparison of selected carotenoid contents in three harvested apple varieties

Karneval

peel flesh peel flesh

Red Topaz Karneval

- extremely low Car concentrations in apple flesh

- B-caroten (and lutein) represent the main components of total measured Car

- small difference between Car concentration in yellow (Luna) and red (Red Topaz) apples; lower concentration in streaked apples (Karneval)

The content of phenolic acids in apples just after harvest

The content of free phenolic acids in peel and flesh of three harvested apple varieties

Red Topaz Karneval RedTopaz

Concentration of free chlorogenic acid in three harvested apple varieties

RedTopaz Karneval

- ChA represents the major
part of free PhA (95 - 98%)
- the differences between the
content of ChA in peel and

Karneval

Total content of remaining free phenolic acids (without ChA)

2017 - after storage (darkness, 7 £ 2° C).

(UEB 3375/2) is a hybrid Topaz with Golden Delicious
Community Plant Variety Rights EU 22063 from 07. 04. 2008
United States patent PP 16,084 from 01. 11. 2005 as UEB 3375/2
Institute of Experimental Botany Prague (Strizovice), CZ

Tree: Diploid, vigor and habit similar to Golden Delicious

Blossom: Mid-season, 1 day before Golden Delicious, flower set heavy, somewhat

alternating as in Golden Delicious

Picking time: Early to mid October, about one week after Golden Delicious, fruit thinning is

recommended, eating maturity 3 weeks after picking
Productivity: Similar to Golden Delicious
Keeping quality: In natural storage until beginning of April

Medium, round, height : width ratio 0.90, weakly ribbed, stem thin and long, skin
russet free, yellow-green becoming yellow during storage, occasionally with a
slight orange blush, flesh yellowish, firm, crisp, fine grained, very juicy, well-
balanced sugar/acid ratio, sugar content 13.5 % Brix, good aromatic flavor

Diseases: Resistant to scab (Vf), moderately tolerant to powdery mildew, some mildew

can occur on shoot tips, bitter pit has not been observed

Comment: The variety is considered mainly for IFP orchards but also for organic

production, its growing requirements appear similar as in

L‘g Institute of Experimental Golden Delicious except treatments against scab

Botany of the AS CR, v. v.i.

The content of selected carotenoids in stored apples

Total content of carotenoids in peel and flesh of three stored apple varieties Composition of carotenoids in whole stored apples

(% from total content)

RedTopaz

RedTopaz Karneval

The comparison of selected carotenoid contents in three stored apple varieties

Karneval

Red Topaz Karneval

- extremely low Car concentration in apple flesh

- B-caroten (and lutein) represent the main components of total measured Car

- the same ratio of individual Car in their total content as in harvested apples

- small difference between Car concentration in yellow (Luna) and red (Red Topaz) apples; lower concentration in streaked apples (Karneval)

Neo - neoxanthin
Vio - violaxanthin
Ant - antheraxanthin
Lut - lutein

Zea - zeaxanthin
B-car - [3-caroten

- ChA represents the major part of
free PhA (95 - 98%)

- the differences between the
content of ChA in peel and flesh are

GA - gallic acid

Red Topaz

Concentration of free chlorogenic acid in three stored apple varieties

Carotenoid and phenolic acid contents were measured in three varieties of apples harvested in October 2016 - just after harvest and in June

All material was obtained from the Station of apple breeding for disease resistence, IEB AS CR,;

is a mutation of the variety Topaz

Community Plant Variety Rights EU 1700 from 27. 02. 2006
United States patent PP 18,895 from 10. 06. 2008

(UEB 3741/1) was produced by crossing Vanda with Cripps Pink (Pink Lady® )
Community Plant Variety Rights EU 29620 from 18. 04. 2011

Origin: Institute of Experimental Botany Prague (Strizovice), CZ Origin: Institute of Experimental Botany Prague (Strizovice), CZ

Tree: Diploid, moderately vigorous, upright to spreading, produces many fruiting spurs Tree: Diploid, medium vigorous, ramified, upright to spreading, good branching with

Blossom: Mid-season, flowers heavily also on one year old wood many fruiting spurs

Picking time:  End September, several days before Golden Delicious, fruits hold on tree well, Blossom: Mid-season, flowers heavily and regularly, does not require fruit thinning
eating maturity after one month of storage Picking time: Early October, about one week before Golden Delicious

Productivity:
Keeping quality: In natural storage until March

Precocious in bearing, cropping is heavy and regular

Productivity: Precocious, heavy and regular

Keeping quality: In natural storage until February

Fruit: Medium flat globose, has blushed bright red skin with nearly 100 % of the fruit Fruit:
surface colored, slight russet in stem cavity, flesh yellowish, firm, crisp, very
juicy with very good taste

Medium size, shape globose to conical, moderate ribbing, stem medium long,
skin smooth, appears russet free, appearance outstanding, multi-coloured with
prominent red stripes on yellow ground color, flesh white, juicy, finely acid with

slightly aromatic good flavor

Diseases: Has resistance Vf to scab, low susceptibility to mildew, can be susceptible to

fire blight

Differs from the initial variety Topaz, in red fruit coloration which develops about
10 days earlier as a blush washed over almost whole fruit surface, this can be
an advantage in warm, dry areas where the red coloration of
Topaz appears too late and / or is too weak {__g

Diseases: Resistant to scab (Vf), tolerant to mildew

Comment: Comment: Robust, healthy and productive dessert variety, without special requirements for

growing conditions, outstanding in very attractive coloration,

Institute of Experimental may be of interest especially for Christmas time

L_Q Institute of Experimental Botany of the AS CR, v. v. .

Botany of the AS CR, v. v.ii.

Detection and quantification of carotenoids ([3-carotene, lutein, neoxanthin, violaxanthin, zeaxanthin
and antheraxanthin) from acetone:ethylacetate (8:2) apple extracts were carried out using an HPLC
(ECOM, Czech Republic). The analysis was performed using a reversed phase column (Watrex
Nucleosil 120 5 C18, 5 ym particle size, 125x4 mm, ECOM, Czech Republic) with the solvent system
acetonitrile:methanol:water (80:12:10 v:v:v) followed by methanol:ethylacetate (95:5 v:v). The total
time of analysis was 25 min, the linear gradient run from 2 to 6 min (the flow rate 1 cm3min-1 ), the
detection wavelength 445 nm). Data were captured and calculated by PC-software Clarity
(DataApex, Czech Republic).

Two forms of phenolic acids (free and glycoside-bound) were analyzed. The samples were extracted
with 80% methanol and the extract was subsequently evaporated to the aqueous phase. After
acidification, free acids were extracted with diethyl ether and the aqueous residue was subjected to
acid hydrolysis. The decomposed glycoside-bound phenolic acids were extracted with diethyl ether.
All other extracts were evaporated in rotary vacuum concentrator. Evaporated samples were
dissolved in 50% methanol and analyzed on LC-MS instrument. Chromatographic analyses were
performed using 50x2.1 mm HPLC column Kinetex C18 with ternary gradient water/acetonitrile/1%
acetic acid. The mass spectrometer was operated in the negative multiple SRM (single reaction
monitoring) mode and the analytes were quantified by the calibration graph with deuterated
compounds used as internal standards.

Conclusions

The content of phenolic acids in stored apples

The content of free phenolic acids in peel and flesh of three stored apple varieties

Karneval Red Topaz Karneval

Total content of remaining free phenolic acids (without ChA)

RedTopaz Karneval

flesh are not substantial
- the other PhA are present
preferentially in apple peel

Composition of free phenolic acids in whole harvested apples (% of total content)

The content of glycoside-bound phenolic acids in peel and flesh of three harvested apple varieties
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Concentration of glycoside-bound protocatechuic acid in three harvested apple varieties

- higher concentration of glycoside-
bound PhA (compared with free
PhA) was detected in all apple
varieties

- glycoside-bound PhA are
prefentially present in apple peel

- ProA represents the most
abundant glycoside-bound PhA
(55-70%), followed by CaA (11 -
22%) and p-HBA (8 - 13%).

RedTopaz Karneval

Composition of glycoside-bound phenolic acids in whole harvested apple (% of total content)

H peel

m flesh

Total content of remaining glycoside-bound phenolic acids (without ProA)

ProA - protocatechuic acid
GeA - gentisic acid

p-HBA - para-hydroxy-benzoic
acid

SA - salicylic acid

VA - vanillic acid

CaA - caffeic acid

ChA - chlorogenic acid

SyA - syringic acid

p-CuA - para-coumaric acid
FerA - ferulic acid

SiA - sinapic acid

CiA - cinnamic acid

Shikimate pathway === Phenylalanine
PAL ‘

/ Cinnamic acid (CA)

Derivatives of CA =——==im— Derivatives of benzoic acid
p-CuA

(phenylalanine ammonia-lyase)

B - oxidation

variety-specific

- other PhA are present
preferentially in apple peel

- the spectrum of individual free PhA
detected in stored apples is higher
compared with harvested ones

Composition of free phenolic acids in whole stored apple (% of total content)

The content of glycoside-bound phenolic acids in peel and flesh of three stored apple varieties

Red Topaz Karneval Red Topaz Karneval

Concentration of glycoside-bound protocatechuic acid in three stored apple varieties Total content of remaining glycoside-bound phenolic acids (without ProA)

- higher concentration of glycoside-
bound PhA (compared with free PhA)
was detected in all apple varieties

- glycoside-bound PhA are
prefentially present in apple peel

RedTopaz Karneval

GA SA - ProA represents the most abundant
0-CuA ProA VA glycoside-bound PhA (51-65%),
g?/{A p-HBA  SyA followed by CaA (6 - 19%) and p-HBA
= m-HBA  PyrA (6 - 21%)
CuA GeA AnA - the number of other glycoside-

bound PhA is higher than in
harvested ones

Composition of glycoside-bound phenolic acids in whole stored apple (% of total content)
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