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Introduction:
Phenolic compounds (phenylpropanoids with an aromatic ring bearing one or more hydroxyl groups and 
various other substituents) are produced by plants as secondary metabolites, ranging from simple 
monomers to very large polymers. Due to their antioxidant activity they play crucial roles in plant 
defences against both biotic and abiotic stressors, moreover they are an important component of animal 
diet and they are highly beneficial for human health.
As fruits represent the key source of antioxidants the knowledge of health-promoting substance 
contents in fruits affects consumers' perceptions of fruits quality. Apples are a widely available fruit 
exhibiting significant concentrations of antioxidants, however the concentrations and composition of 
antioxidants vary during ripening and subsequent handling of harvested fruits.

Aims:

- to specify the effect of exogenous (environmental) factors on the content and composition of phenolic acids (PhAs) - free and glycoside-
bound in three cultivars of apples during ripening, at the harvest and after 3 months of storage 

- the comparison of results obtained in apples harvested in two years with marked differences in the weather conditions - in 2017 and 2018 

Methods
Phenolic acid analysis
Sample preparation
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 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 free phenolic acid analysis.
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 HCl were added, crimped and heated at 105°C for 1 hour. After cooling the reaction 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.
The diethyl ether extracts were evaporated by the rotation vacuum concentrator (RVC) and stored in a freezer box to the final analysis.

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 μl 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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Water content in peels and fleshes of all cultivars was not affected by different 
weather conditions.

The changes of peel and flesh dry weight  (% ) during ripening - from 
June(VI) to October (X) and after 3 months of storage (I) 
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Abbreviations:

GA - gallic acid
ProA - protocatechuic acid
VA - vanillic acid
CaA - caffeic acid
ChA - chlorogenic acid
p-CouA - para-coumaric 
acid
FerA - ferulic acid
SiA - sinapic acid
GeA - gentisic acid
p-HBA - para-hydroxy-
benzoic acid
SyA - syringic acid
CiA - cinnamic acid

 Spectrum of free phenolic acids presented in peels and fleshes of apples (% of total content of free  PhAs)

Total content of free phenolic acids in peels and fleshes of apples (µg/g DW)

Chlorogenic acid represented 
the main free PhA in peels and 
fleshes of all three apple 
cultivars gathered in 2017 and 
2018. It constituted more then 
98%  whereas other PhAs  less 
then 0,1% of total content of 
free PhAs (excepting cv. Bonita 
during harvest).

No differences in the course of total free PhAs content changes during ripening in 
apples from 2017 and 2018 were found.  Total content in peels and fleshes of 
harvested apples(X) of all three cultivars was similar in both years, though small 
differences in free PhA contents  in non-matured apples(VI and VII) were obvious.

Spectrum of glycoside-bound phenolic acids in peels and fleshes of apples (% of total content of glycoside-bound PhAs) 

Total content of glycoside-bound phenolic acids in peels and fleshes of apples ((µg/g DW)

ProA and CaA were the main 
glycoside-bound PhAs in 
apple peels and fleshes; the 
ratio between CaA and ProA 
was higher in apples from 
2018. GeA and p-HBA 
constituted approx. 10-15% 
of  total glycoside-bound 
PhAs, and the other 
individual PhAs  represented 
only minor part of  total 
content of glycoside-bound 
PhAs in all apples.  

The total content of glycoside-bound PhAs was lower in peels of apples 
from 2018. No difference was found in fleshes where the content was 
lower than in peels. The course of changes of glycoside-bound PhAs 
was similar in peels of apples from 2017 and 2018.

Summary: 

1) Free PhAs 
- the highest total content of free PhAs in non-matured apples (in June)
- decrease in free PhAs content during ripening
- ChA constitutes 98-99% of free PhAs in peels and fleshes 
- similar content and spectrum of free PhAs in peels and fleshes of harvested 
apples (in October) from both years

2) Glycoside-bound PhAs
- higher content of glycoside-bound PhAs in peels than in fleshes
- the highest concentration of glycoside-bound PhAs in peels of harvested and 
(stored) apples
- lower total content of glycoside-bound PhAs in apples from 2018 than those 
from 2017
- broader spectrum of glycoside-bound than free PhAs 
- CaA dominates in fleshes of apples from 2018 (not from 2017)
- difference in ratio between ProA and CaA in peels as well as in fleshes of 
apples from 2017 and 2018

3) The changes in the spectrum and content mainly of glycoside-bound PhAs 
might be induced by environmental factors.

Bonita

Karneval

Sirius

The  values of temperature and rainfall in 2017 and 2018 years (according to Czech 
Hydrometeorological Institute http://portal.chmi.cz/)

Long run average was estimated from the data obtained in1981 - 2010 years.

The average month´s temperature in 2017 was 7,9 
and in 2018 - 9ºC, i. e. 107% resp. 122% of long 
run temperature average.

The total water intake was 945 mm in 2017 in 
contrast to 559 mm in 2018, i. e.,106% resp. 63% 
of long run average.
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Material:
In our experiments we used three commercionally successful scab-resistant and powdery mildew-tolerant apple cultivars 
originating from the Institute of Experimental Botany. 

KARNEVALBONITA SIRIUS
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