The effect of storage on the profile of phenolic
compounds In selected apple varieties
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Introduction: _ _ _ _ L.
Biosynthesis of phenolic acids Abbreviations: Material:
Apples are considered as one of the most important fruit crop with excellent health benefits and extensive PhA - phenolic acids -
area of cultivation. Majority of their benefits is associated with a relatively high content of antioxidants Shikimate pathway =—=—  Phenylalanine FIENEE Sl CONES HETE
including phenolic compounds that belong to the health-promoting phytochemicals. GA-gallicacid ;npepa;zgrﬁ:&lgfeedviﬁr;e;;z of
Phenolic compounds constitute a substantial and an important group of phenylpropanoids produced by PAL L mp—— o~ grOAA' protf’?atec.z“'c acid 2016 and 2017 .
plants as secondary metabolites. The health-promoting effects of phenolic compounds depend on their PfrA'_%i,?o'g;:fAuic acid
bioaccessibility from the food and their consequent bioavailability. However, many phenolics occur in Cinnamic acid (CA) p-HBA - para-hydroxy-benzoic acid

nature as glycosylated derivatives. Thus in order to become bioactive in the human body, these bound / m-HBA - meta-hydroxy-benzoic acid

forms must undergo transformations, which occur due to the action of digestive enzymes. \S/ﬁ_ Sa"?{"C a%id
- vaniliic aci

The aim of this work was to determine the concentration of phenolic acids in selected apple varieties Derivatives of CA -~ Derivatives of benzoic acid S

C .y : : : : . oy T CaA - caffeic acid
originating from the Station of apple breeding of the IEB. We investigated three different varieties of p-CuA B - oxidation GA SA ChA - chlorogenic acid
apples (red, yellow and streaked) for their phenolic acid contents in peel and flesh immediately after the 0-CuA ProA VA SyA - syringic acid
harvest and after 7 months of storage. In the second part of investigation we detected the changes in gir\A p-HBA  SyA p-CuA - para-coumaric acid
phenolic acid contents in red, yellow and streaked apples during their maturation (from June to October- C'a A g'HABA PyraA 0-CuA - ortho-coumaric acid
i.e. to harvest). oan e AnA FerA - ferulic acid

SiA - sinapic acid
AnA - Anisic acid

All concentrations of phenolic acids are in nmol/g DW. The content of phenolic acids was analysed in apple peels (blue bars) and fleshes (red bars).

(UEB 3375/2) is a hybrid Topaz with Golden Delicious B

Community Plant Variety Rights EU 22063 from 07. 04. 2008
United States patent PP 16,084 from 01. 11. 2005 as UEB 3375/2

Origin: Institute of Experimental Botany Prague (Strizovice), CZ
- - . 0 0 0 0 Tree: Diploid, vigor and habit similar to Golden Delicious
The content of phenolic acids in all apple varieties just after harvest (in October) The effect of storage on phenolic acid contents Slossom:  Midseason 1 gay befre Golden Dolous, fver se ey, somonrit
(7 month of storage under the darkness and temperature 5°C) P M commanea. eatng maurty 3 weeks afr pokng

Productivity: Similar to Golden Delicious
Keeping quality: In natural storage until beginning of April

A: Free phenolic acids B: Glycoside-bound phenolic acids A: Free phenolic acids B: Glycoside-bound phenolic acids TS e G 0 oy el 0
slight orange blush, flesh yellowish, firm, crisp, fine grained, very juicy, well-
balanced sugar/acid ratio, sugar content 13.5 % Brix, good aromatic flavor

Harvest: ChA Conte nt Harvest: PrOA Content Harvest: ChA conte nt Harvest: PrOA content Diseases: Resistant to sc;abt(t\_/f), g?tc:dera_ttt-;:y toletrla)nt to l;))owde:iy mildew, some mildew
can occur on shoot tips, bitter pit has not been observe
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Comment: The variety can be considered for organic production as well as for IFP
systems, growing requirements seem to be similar to Jonagold except
treatments against scab, nice appearance, very interesting
. . . . Institute of Experimenta variety with many good qualities
Sirius Harvest: free PhA Sirius Harvest: glycoside-bound PhA Luna Storage: free PhA Luna Storage: glycoside-bound PhA KO Eotany of the S Ch, vov.i
18 180 30 350
16 160 25 300
14 140
12 120 20 250
10 100 200
15
8 80 150
6 60 10 100
4 40 5 -
2 20 - I I- I 50
0 T -I T T T — T T T T 1 O = Ll_- T T T 1 0 -IJ T T T T T T T T T I. - T T 1 O =

o Q@v o"y ng < \\& Y\q,v & (},v q\v O,v e < & ¥ Oy v(\v ¥ o ° Q\Qy & & &v RN\s (}, 5@ Oy %v BN\ 5 Oy %\v s o @v @,y Qg,v *& \{bv R\s (},v (_ﬁv O,v & Q& c)\v Oy v(\v ¥ o e Y\Qy \\& Y\q,v R\s @v ¥ (_ﬁv O,v & & B\ Oy v“v s
< & < o q <

Red Topaz Harvest: free PhA Red Topaz Harvest: glycoside-bound PhA Red Topaz Storage: free PhA Red Topaz Storage: glycoside-bound PhA

18 180 30 350
16 160 P 300
14 140

12 120 20 250 : : et
10 100 200
15
80 150 i )
60 10 \ 3 )
- 100
- 5 0 RED TOPAZ
T T T T T T T L T ™ T T T T T 1 0 - T T T 1 0 - T T T T T T = T T T - T T T T T 1 0 - T T — T T T I T e T T 1 is a mutation of the variety Topaz

8
6
4
2
0
s Q@‘* & gg,v < & )g,v N\ PN Q,v & . & ,_-)\vo &F F K X & Qg,v < \\& P al\ o d,v (_ﬁv O,v (_)V“ & ‘o\v Oy &F o Q@v & gg,v < & 323’\? N\ A\ ’Oy & < & é\vo F F ¥ X &F gg,v < & gg,v ¥ (F ¥ ¥ Qy e . & ‘;}vopy & e e e e
< N ) ) N N S N ) Origin: Institute of Experimental Botany Prague (Strizovice), CZ
Tree: Diploid, moderately vigorous, upright to spreading, produces many fruiting spurs
Blossom: Mid-season, flowers heavily also on one year old wood
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€ EFSF T TG TS TP FESE T T e T The ChA was the major free PhA in both peels and fleshes of all the studied
apple varieties. The most abundant glycoside-bound phenolic acid was
Free PhAs were present in low concentrations, relatively higher level of ProA was found in the red protocatechuic acid. Both these acids exhibit a strong scavenging activity
coloured varieties of apples. Glycoside-bound form PhA were detected in higher concentrations. The : . T, : BONITA
hiahest content of CaA. b-HBA. followed by | tents of GeA. VA and b-CuA were found in all and thus may contribute considerably to the total antioxidant potential of o e
Ighest content or LaA, p- , Tollowed DYy lower contents o1 GeA, and p-CuA were tound in a (UEB 1406/1) s a ybrd between Topaz and Oripps Pk
. . . ant Variety Rights , grante .02.
Studled apple VarletleS. appIeS- Applied for US Plant Patent, 24.03.2017
Origin: Institute of Experimental Botany Prague (Stfizovice) CZ
Trei: IfDipIoid, medizm vigorous, rarilified? spreading, good branching with many
ruiting spurs
Blossom: Mid-season, flowers heavily
Picking time: About 1 week after Golden Delicious
Productivity: Precocious, high and mostly regular
Keeping quality: In cool storage about six months
i Smaoth useet 1oe, graen yellow Ground caor 1 covered on B0~ 100 5 aith
pink to brightly red gverco¥or, flegh firm, crisp, juicy with good, slightlyo sour
- . " - . taste
Phen0|lc aC|d contents durlng maturatlon - from June tl" OCtOber Diseases: Scab resistant based on Vf gen, low susceptibility to powdery mildew
gomment e e pentance, hah an Teguiar yies, wihost nesd of ft
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KARNEVAL
(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
P h e n OI Ic ac I d a n a Iys Is Trei: Diploid, medijm vigorous, ramyified,gupright to spreading, good branching with
- many fruiting spurs
Sample preparatlon Blossom: Mid-:eason,gfloZvers heavily and regularly, does not require fruit thinning
Samples of approx. 50-200mg of fresh weight were homogenized in 80% (v/v) methanol in Eppendorf vial tubes using a mixer mill. After addition of isotopically labelled internal standards they were left in the fridge overnight. The mixture was then centrifuged and the FA iy Bl @il CBeta S e B T
. . . . . . . . ra . . . . . Productivity: Precocious, heavy and regular
solids were re-suspended in 80% methanol and extracted in ultrasonic bath. After centrifugation the combined supernatants were evaporated to water phase and acidified to pH 2. The acid solution was extracted three times by diethyl ether. This extract was prepared for Kesping quality: In natural storage untl February
free phenolic acid analysis. e G N S e o e SR e AT ST
The acidified water phase was left in fume for approx. 30 min to remove rest of diethylether and then transferred into crimp vial. Isotopically labelled internal standards and concentrated HCI were added, crimped and heated at 105°C for 1 hour. After cooling the reaction R
mixture was transferred into falcon tube; pH was adjusted to value 2 and the mixture was three times extracted by diethyl ether. This extract was prepared for glycoside-bond phenolic acids analysis. e Tt aemat sty wifhout el recitoments for
The diethyl ether extracts were evaporated by the rotation vacuum concentrator (RVC) and stored in a freezer box to the final analysis. e

Institute of Ex perlmental
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LC-MS analysis

The evaporated samples were dissolved in 0,2 ml of 50% methanol, transferred into 0.5 ml polypropylene vials and placed into cooled stack of autosampler. The partition of 5 ul was injected on LC-MS system consisting of autosampler with cooling stack, quaternary
HPLC pump and triple-quad mass spectrometer equipped with electrospray interface.

The chromatographic analysis was performed using 50x2.1 mm HPLC column Kinetex C18 with ternary gradient water/acetonitrile/0.1% acetic acid.

The mass spectrometer was operated in the negative multiple SRM (single reaction monitoring) mode with acquisition 3 to 8 transition for each compound. The most abundant ion was used for quantification, the others for identity confirmation. The analytes were
quantified by the multilevel calibration graph with deuterated compounds used as internal standards.
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