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Abstract

Cornelian cherry (Cornus mas L.) fruits are well known for their health benefits, but when comparing the 
nutritional composition of different parts of the plant, the leaves appear to be a more valuable source of nutri-
ents. The concentrations of carotenoids and vitamin E levels in the leaves were higher than in the fruits. Among 
individual tocopherols, the most significant difference between fruits and leaves was observed for α-tocopherol. 
Regarding the polyphenol composition, the major class determined was phenolic acids, expressed as hydroxy-
benzoic, gallic, and ellagic acids, but the most important was ferulic acid. The major flavonoids quantified were 
epicatechin and epigallocatechin. Cornelian cherry leaves were selected as a potential feed additive in laying 
hens’ nutrition, and an experimental trial was performed. Laying hens’ dietary supplementation of Cornelian 
cherry positively affected egg quality characteristics, by improving the retinol, astaxanthin, and polyphenols 
concentrations in egg yolk. Tocopherols were negatively influenced, and no significant effect was observed on 
lutein concentrations. The administration of Cornelian cherry as a dietary supplement produced a favorable 
impact on oxidative stability during the shelf life of eggs. The Cornelian cherry supplements, rich in natural 
antioxidants such as polyphenols and vitamins, not only enhance the antioxidant capacity of the animal prod-
uct but also contribute to yolk quality maintenance over storage periods by reducing the formation of oxidation 
products.
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Introduction

There is a constant concern among nutritionists to 
identify new natural sources of bioactive compounds that 
can maximize the nutritional quality of animal-derived 
products. For this purpose, unconventional sources 

of bioactive compounds (plants, coproducts, and by-
products that are little or not exploited) and their potential 
as feed additives in farm animal diets are being evaluated.

The Cornelian cherry (Cornus mas L.), also known as 
dogwood, is a slow-growing shrub native to all of Europe, 
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or animal-origin foods is very limited. Only a few stud-
ies explored these novel sources. In broiler diets, it was 
reported that using 50, 100, 200, and 400 mg/kg diet of 
cornelian cherry extract improved the growth perfor-
mance and positively modulated the intestinal health 
status. Additionally, the antioxidant capacity and lipid 
peroxidation of poultry meat were significantly improved 
without affecting its chemical composition (Ibrahim 
et  al., 2021). The authors suggested that 200 mg/kg is 
recommended to boost meat shelf stability during long 
periods of frozen storage. In the production of beef 
burgers, using 0.5 g or 1.5 g of cornelian cherry juice as 
a functional additive resulted in beneficial inhibition of 
oxidative changes and, at the same time, had no nega-
tive effect on the sensory characteristics of beef burgers 
(Salejda et al., 2018). Other authors reported that in the 
cholesterol-rich diet of rabbits, using 10 or 50 mg/kg of 
resin-purified cornelian cherry extract, confirms that 
it may constitute a potentially effective product in the 
prevention and treatment of obesity-related disorders 
(Danielewski et  al., 2024). However, there is no study 
exploring the cornelian cherry leaves as a potential source 
of bioactive compounds, on egg quality, by designing a 
novel feeding solution for poultry. 

In this paper, both the fruits and leaves of C. mas L. were 
characterized in order to provide a comprehensive over-
view of the composition and biological value of this spe-
cies. However, nutritional investigations on egg quality of 
laying hens have focused exclusively on the leaves, given 
that the fruits are a valuable resource for human con-
sumption and the food industry, and their use in animal 
feed would generate undesirable competition with the 
human food chain. In contrast, the leaves, considered a 
less exploited by-product, may represent a sustainable 
alternative resource for integration into animal nutrition, 
thus contributing to the full utilization of biomass and 
the reduction of losses.

In this context, the study aimed to provide a compara-
ble overview of the nutritional composition of the fruits 
and leaves of cornelian cherry. On the other hand, the 
nutritional potential of Cornelian cherry leaves in laying 
hens’ diets and its influence on the quality of eggs are also 
discussed.

Materials and Methods

Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH), disodium eth-
ylenediaminetetracetate (EDTA), trichloroacetic acid 
(TCA), ferric chloride, thiobarbituric acid (TBA), 
and ascorbic acid (AA) were purchased from Sigma 
(Sigma-Aldrich GmbH, Steinheim, Germany). All other 

except the north, and is adaptable to both temperate and 
semi-arid regions. The Cornelian cherry is a medicinal 
and ornamental plant, and its fruits are also valuable 
sources of bioactive compounds such as vitamin C or 
polyphenols (Sevindik et al., 2024). The fruits of cornelian 
cherry are used in traditional European cuisine as cake 
additives or as raw materials for juices, jams, or liqueurs, 
with recorded recipes dating back to the 19th century 
(Kazimierski et al., 2019). Cornelian cherry can be con-
sidered an underutilized plant according to its character-
istics, such as presenting market value but rarely found 
for sale, existing in the cultural heritage, and ignored in 
the food industry (Hossain et al., 2021). In Romania, the 
dogwood is a wild plant, widespread in hilly and moun-
tainous areas and rarely cultivated as an ornamental 
plant in parks and gardens (Cosmulescu et  al., 2020). 
Leaves, flowers, seeds, and bark are anatomical parts of 
Cornelian cherry used in folk medicine, and their ther-
apeutic effects are based on antioxidant, antimicrobial, 
antidiabetic, antiatherosclerosis, antiobesity properties. 
Few research studies were focused on the evaluation of 
nutrients from different plant parts, and they concluded 
that, along with fruits, other parts such as leaves and 
flowers are valuable sources of bioactive compounds 
(Antoniewska-Krzeska et al., 2022). Among the bioactive 
compounds, polyphenols represent a special class, partly 
due to their multiple benefits for human health and 
extensive spread in the plant kingdom. Berries are con-
sidered important sources of polyphenolic compounds, 
and in the case of colored fruits, anthocyanins are dom-
inant. The major polyphenols in cornelian cherry leaves 
were reported to be flavonoids (notably quercetin and 
kaempferol derivatives), phenolic acids (ellagic, chloro-
genic, gallic, ferulic, coumaric, caffeic acids), and tannins 
(Szczepaniak et al., 2019).

The study of the health benefits of berries and berries 
wastes and their influence on the nutritional quality of 
animal-based foods is already a topic of major interest 
discussed in the scientific literature (Vlaicu et al., 2024). 
Due to competition with human nutrition, animal scien-
tists have discovered rich sources of antioxidants in plant 
materials with low economic impact, such as leaves, 
meals or pomaces from the food industry. Studies on 
the potential use of pomace or leaves of berry trees or 
shrubs, such as rosehip, cranberries, and blueberries, in 
poultry feeding have demonstrated beneficial effects on 
the nutritional quality of poultry products (meat or eggs) 
(Untea et al., 2019, 2023; Vlaicu et al., 2024), as presented 
in recent studies. 

According to literature data, Cornelian cherry, fruits, 
leaves or pomaces, represent a novel approach of feed 
additives for potential utilization poultry nutrition. To 
date, the available literature regarding the use of dog-
wood coproducts (fruits and/or leaves) in animal feed 
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chemicals were of analytical grade. Analytical standards 
were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). These consisted of δ-tocopherol (95%), γ-tocoph-
erol (96%), and α-tocopherol (96%); lutein (95%), zeaxan-
thin (95%), and astaxanthin (97%). Phenolic standards: 
ellagic acid (95%), syringic acid (98%), epicatechin (96%), 
4-hydroxy-3-methoxy-cinnamic acid (95%), rutin (95%), 
vanillic acid (95%), 3-hydroxybenzoic acid (95%), proto-
catechuic acid (96%), caffeic acid (95%), coumaric acid 
(98%), epigallocatechin (97%), catechin (95%), quercetin 
(95%), and resveratrol (99%) were purchased from Sigma 
(Sigma-Aldrich GmbH, Steinheim, Germany); and feru-
lic acid (97%) and chlorogenic acid (95%) were purchased 
from the European Pharmacopoeia (EP).

Vegetal material

The vegetal materials (Cornelian cherry fruits and leaves) 
were harvested from a hilly area in Dambovita County, 
Romania (45° 6'4" N 25° 21'29" E). The leaves were col-
lected in the middle of August when they were glossy 
green in color. The fruits were harvested at the end of 
September, when they reached the specific shiny red 
color. The leaves and fruits were dried until they attained 
constant weight, using a laboratory stove (Memmert 
UNB 100 Oven, Apeldoorn, Netherlands). The dried 
products were ground (Grindomix GM 200 mill, Retsch, 
Haan, Germany) and stored in paper bags.

Plant extracts

Extracts for liposoluble compounds determination 
For this extraction, 2 g of plant samples were mixed with 
100 mg of butylated hydroxytoluene, 50 mg of ethylene-
diaminetetraacetic acid, 130 mL of ethanol, 2 mL of 
sodium ascorbate, and 25 mL of 50% potassium hydrox-
ide solution. The mixture was boiled in a conical flask 
for 30 min at 80°C in a water bath equipped with a con-
denser. After boiling, the resulting solution was trans-
ferred to a separation funnel and rinsed with 250 mL of 
water. The conical flask was then washed with 100 mL of 
petroleum ether and 25 mL of ethanol, which were also 
transferred to the separation funnel. The solution in the 
separation funnel was rinsed with water (100 mL). The 
obtained extract was filtered using anhydrous sodium 
sulfate. The extract was evaporated in a rotavapor under 
vacuum conditions, and the resulting residue was dis-
solved in 10 mL of ethanol (Varzaru et al., 2021).

Extracts for hydrosoluble compounds determination
The preparation method for polyphenols profile determi-
nation comprised an extraction step using a solvent mix-
ture of water/methanol/acetic acid (69:30:1, v:v:v) under 
thermal conditions (50°C) for 1 h. After centrifugation 

(4500 rpm, 15 min), the supernatant was filtered using 
a SPE cartridge with silica (1000 mg/6 mL, particle size 
40–75 µm, pore size 70 Å). The procedure details were 
described by Varzaru et al. (2021)

Analytical methods used for cornelian cherry bioactives 
determination

Liposoluble compounds 
The determination of vitamin E isomers was conducted 
using high-performance liquid chromatography, with 
a Vanquish Core System (Thermo Fisher Scientific, 
Bremen, Germany). For the separation, a C18 column, 
with dimensions: 250 × 4.60 mm, 5 μm (Thermo Fisher 
Scientific, Bremen, Germany), was used, under isocra-
tic conditions. The mobile phase consisted of methanol 
(96%) and water (4%), and the flow of the mobile phase 
was 1 mL/min.

The xanthophylls determination was performed 
using a Finnigan Surveyor Plus liquid chromatograph 
(Thermo Fisher Scientific, Bremen, Germany), with 
a C18 reversed-phase column (250 × 4.60 mm, 5 μm) 
(Nucleodur, Macherey-Nagel, Duren, Germany). The 
mobile phase consisted of acetone (75%), methanol 
(15%), and water (10%), and the flow was set at 1 mL/min. 
The results of the vitamin E isomers and xanthophylls 
were reported as milligrams per kilogram of dried sam-
ples (mg/kg).

Hydrosoluble compounds 
For hydrosoluble compounds like polyphenols, a 
Vanquish Core HPLC system equipped with a DAD 
manufactured by Thermo Fisher Scientific (Bremen, 
Germany) and a BDS HyperSil C 18 column (250 × 4 
mm, 5 µm particle size) from Thermo Fisher Scientific 
(Bremen, Germany) was used. For the separation of poly-
phenols, a binary gradient, consisting of 1% acetic acid 
in distilled water (v/v) as solvent A, methanol as solvent 
B, and acetonitrile as solvent C, with a flow rate set at 
0.5 mL/min, was applied. The elution program was as fol-
lows: 0–15 min: 5% solvent B, 5% solvent C; 15–20 min: 
4% solvent B, 15% solvent C; 20–25 min: 3% solvent B, 
25% solvent C; 25–40 min: 2% solvent B, 38% solvent C; 
and 40–50 min: 5% solvent B, 5% solvent C. The detec-
tion wavelengths were 254, 270, 280, 310, and 320 nm. 
For chromatographic methods, individual standards 
were used for the identification and quantification of the 
compounds.

To determine the total polyphenol content, obtaining 
a methanolic extract was imperative. For extraction, 
the dried plant sample was mixed with methanol (80%) 
(1:20). The mixture was placed in a rotary shaker for 24 h 
in dark conditions. 0.5 mL of the methanolic extract was 
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mixed with 0.5 mL Folin–Ciocâlteu reagent, 2 mL of 
sodium carbonate solution (20%), and water (7 mL). The 
resultant solution was kept in the dark for 1 h, and the 
absorbance was registered at 732 nm using a Jasco V-530 
spectrophotometer (Japan Servo Co., Ltd., Japan). The 
results were reported as mg of gallic acid equivalents per 
gram of dried sample.

The 2,2-diphenyl-1-picryl-hydrazyl-hydrate method 
(DPPH) was used for determining the antioxidant 
capacity. After preparing the DPPH solution in meth-
anol with a 0.2 mM concentration, it was mixed with 
samples and water in a ratio of 2:0 /4:1/6 (v/v/v). 
After the mixture was obtained, the absorbance was 
recorded at 517 nm, using a Jasco V-530 spectropho-
tometer (Japan Servo Co., Ltd., Japan). The results were 
expressed as mg of Trolox equivalents per gram of dried 
sample.

Oxidative stability parameters

Oxidative stability parameters were determined using 
spectrophotometric methods (V-530 Jasco (Japan Servo 
Co. Ltd., Japan), described in detail by Untea et  al. 
(2019). Before the determination of the oxidative stabil-
ity parameters, the extraction of fat was performed using 
the modified Folch method, with chloroform and meth-
anol as extraction solvents. The samples were mixed in 
a separation funnel with chloroform 30 mL, methanol 
15  mL, and KCl 7.5 mL (0.88%). The lower layer was 
collected after separation and evaporated under nor-
mal conditions. To determine the peroxide value, the 
ferric thiocyanate method was used. The fat extract was 
mixed with a solution of chloroform: methanol (7:3), 
10 mmol/L xylenol orange, and 1000 mg/kg FeCl2. After 
obtaining the mixture, it was kept in dark conditions for 
5 min. The absorbance was recorded at 560 nm, and the 
results were reported as milliequivalents of oxygen per 
kilogram of lipids (meq O2/kg). The conjugated dienes 
and trienes concentrations were determined using the 
lipidic extract, mixed with iso-octane. The absorbances 
were registered at 233 nm for conjugated dienes and 
268 nm for conjugated trienes. The p-anisidine value 
was obtained after registering the absorbance of the 
lipid extract-iso-octane solution at 350 nm. After that, 
the p-anisidine reagent was added, and the mixture was 
placed in the dark for 10 min. A new measurement at 
350 nm was performed. For the TBARS values, the sam-
ples were mixed with trichloroacetic acid (7.5%) and 
butylhydroxytoluene (0.8%) in the ratio 2:1. The solu-
tions were centrifuged for 3 min at 3000 g, and filtered. 
The filtered (2.5 mL) solution was incubated with 1.5 mL 
of thiobarbituric acid solution (0.8%) in a water bath for 
50 min at 80°C, following the recording at 540 nm of the 
third spectrum. 

In vitro induced lipid peroxidation

For the evaluation of the inhibition potential of Cornelian 
cherry, chicken breast meat samples were used as sub-
strate for peroxidation and FeCl2 (100 µM) and ascor-
bic acid (500 µM) as oxidants (Untea et al., 2024). After 
inducing the peroxidation process on fresh meat sam-
ples with the oxidant mixture, the methanolic extract 
was applied. The sample solution was incubated at 37°C 
for 1  h, and the MDA concentrations were determined 
according to the TBARS protocol (mixture of sample 
solution and TCA [7.5%] and BHT [0.8%] react with TBA 
solution [0.8%] for 50 min at 80°C).

Experimental design

The feeding trial was performed in the National Research 
and Development Institute for Animal Biology and Nutrition 
Biobase (Balotesti, Romania), following the Directive 
2010/ 63/ EU and Romanian documents 206/ 2004 and 
43/ 11.04.2014. The experimental protocol was approved 
by the Ethical Commission of the National Research and 
Development Institute for Animal Biology and Nutrition 
(approval number 3578/17.07.2023). A total of 60 Lohmann 
Brown Classic laying hens, at 26 weeks old, were randomly 
allocated to two different pens of 3.96 m2 (0.132 m2/hen), 
with 30 animals per pen and raised on a litter floor. The feed-
ing trial lasted 8 weeks, two for adaptation, and six for the 
actual feeding trial. The environmental conditions (humid-
ity, temperature, and ventilation) were monitored using a 
Viper Touch system. The experimental groups were assigned 
to the following diets: a control group (CG), which received 
a conventional diet used in laying hens’ nutrition and an 
experimental diet with the addition of 0.5% Cornelian cherry 
leaves (CCG). Both diets were formulated to provide 17.50% 
crude protein and 2725 kcal/kg metabolizable energy, in 
accordance with the Lohmann Brown management breed-
ing guide. Water was available ad libitum via nipple drink-
ers, and each bird received 110 g of feed per day. The lighting 
regimen was 16 h light and 8 h dark per day. The basal nutri-
tional formula is reported elsewhere (Vlaicu et al., 2024). At 
the end of the trial, 72 egg samples (36 per group) were col-
lected, and the yolks were analyzed to assess the influence 
of leaf bioactives on the antioxidant status of the eggs. Eggs 
collected at the end of the trial were split into two different 
batches. The first one was immediately analytically evaluated 
(0 days of storage), and the other was stored at refrigerated 
temperature (5°C) for 30 days.

Statistical analysis

The results regarding the nutritional composition of 
C.  mas fruits and leaves were expressed as means of 
triplicate determinations. Statistical differences were 
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most significant difference between fruits and leaves was 
observed for alpha-tocopherol (Table 1).

The fruits of C. mas are an exceptional source of vita-
min C (Lidiková et al., 2024), but the leaves proved to be 
a rich source of liposoluble antioxidants (vitamin E and 
carotenoids) and present potential use in functional foods 
and feeds. Other researchers mentioned the existence of 
tocopherol, biotin, and riboflavin in aqueous extracts of 
C. mas (Tenuta et  al., 2022), but did not report numer-
ical values. Scientific papers that followed the compara-
tive content (fruits vs leaves) of vitamins and carotenoids 
from plants belonging to the “berry” class reported 
important concentrations in leaves compared to fruits. A 
recent study on black elderberry showed that vitamin E 
content in leaves ranged from 726.12 to 1486.58 mg/kg, 
while the fruits ranged from 51.75 to 61.17 mg/kg (Vlaicu 
et  al., 2025). Although the fruits of Cornelian cherry 
contain higher vitamin E content than black elderberry, 
the leaves contain scarce amounts of this bioactive com-
pound. The same authors reported that fruits are the main  
source of carotenoids in black elderberry, especially lutein 
and zeaxanthin (4782.85 mg/kg), while in Cornelian 
cherry, the leaves are the major source of this compound 
(288.76 mg/kg). In line with our results, another com-
parative study on black chokeberry found leaves to be 
the main  deposits of liposoluble compounds, vitamin 
E (1172.20 mg/kg), and xanthophylls (2353.24 mg/kg) 
(Saracila et al., 2024). These differentiated results among 
different plants and their coproducts have been attributed 
to the defense system of plants against stressors; in some 
cases, more antioxidants are concentrated in the leaves 
compared to fruits for plant protection (Vlaicu et  al., 
2025). The study results and the differentiated deposi-
tion of bioactive compounds in different plant parts make 
leaves a subject of further research. 

assessed by one-way ANOVA followed by Tukey’s 
HSD test. For the nutritional experimental model, a 2 
× 2 factorial arrangement was applied to evaluate the 
main effects of diet, storage time, and their interaction. 
Statistical comparisons were performed using two-way 
ANOVA (General Linear Model procedure), followed by 
Tukey’s HSD test. Six samples per group were constituted 
for chemical analysis, each consisting of three egg yolks.

Data related to the evaluation of bioactive compounds 
from C. mas fruits and leaves, egg yolk nutritional quality 
and oxidative stability parameters, were processed using 
XLSTAT software (version 2023.5, Addinsoft, New York, 
NY, USA). Differences were considered statistically sig-
nificant at P < 0.05. The lipid peroxidation evaluation, 
based on an induced oxidation model, was graphically 
represented using GraphPad Prism version 9.03 (San 
Diego, CA, USA), with significance set at P < 0.05.

Results and Discussions

The comparative results for liposoluble (carotenoids and 
vitamins) and hydrosoluble antioxidant (polyphenols) 
compounds identified in Cornelian cherry fruits and 
leaves are presented in Tables 1 and 2.

Cornelian cherry fruits are well known for their health 
benefits, both in scientific literature and traditional med-
icine. However, when comparing the nutritional compo-
sition of different parts of the plant, the leaves appear to 
be a more valuable source of nutrients. For all analyzed 
carotenoids, concentrations in the leaves were higher 
than in the fruits, ranging from 2.5 to over 50 times 
greater. Similarly, vitamin E levels in the leaves were up 
to five times higher. Among individual tocopherols, the 

Table 1.  Liposoluble bioactive compounds of Cornelian cherry fruits and leaves.

Items Fruits Leaves SEM P 

Carotenoids (mg/kg)

Lutein & zeaxanthin 104.5b 3988a 13.19 0.0001

Astaxanthin 0.823b 2.105a 0.111 0.0001

Canthaxanthin nd 1.418 – –

Beta carotene 193.5b 11015a 23.46 0.0001

Vitamins (mg/kg)

Alpha tocopherol 76.37b 501.3a 0.893 0.0001

Delta tocopherol 0.102b 0.158a 0.006 0.003

Gama tocopherol 11.09b 21.69a 0.200 0.0001

Tocopherol total 95.99b 538.2a 0.859 0.0001

SEM, standard error of  the mean; P, significance; nd, not determined; letters “a” and “b” on the same row show significant differences at P < 0.05, 
according to the ANOVA test.
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and epigallocatechin. These substances contribute to 
the nutritional and functional value of the fruit for 
human consumption. In terms of leaves, when compared 
with other leaves belonging to the berry family, such as 
blackberry or raspberry (Varzaru et  al., 2023), with the 
same extraction, separation, and quantification method, 
Cornelian cherry proved to be an important source of 
ferulic acid, while the other berry leaves (blackcurrant, 
cranberry and aronia leaves extracts) were abundant in 
chlorogenic acid or epicatechin (Saracila et  al., 2024; 
Untea et al., 2023, 2024). These observations are in line 
with those recently reported by Forman et  al. (2025), 
where leaves of nine C. species were analyzed. The 
authors showed that chlorogenic acid ranged from 0.43 
to 18.41 mg/g, gallic from 0.26 to 1.63 mg/g, and ellagic 
acid values from 0.03 to 1.17 mg/g. These results show 
that the same plant species can result in different poly-
phenol compositions; however, all of them provide a 
significant total of polyphenol content, with benefits in 
poultry nutrition and egg quality. 

Cornelian cherry is considered a valuable source of poly-
phenols (Table 2), with fruits rich in anthocyanins and 
iridoids and leaves containing phenolic acids and fla-
vonoids (Antoniewska-Krzeska et  al., 2024). In terms 
of total polyphenol content, the leaves are a rich source 
of these compounds, with their concentrations reach-
ing values up to 10 times higher than those of the fruits 
in some cases (Bayram et  al., 2020). Badalica-Petrescu 
et  al. (2014) identified 15 different phenolic molecules 
(aglycons) using HPLC-DAD-ESI (+) MS analysis. The 
major categories of phenolics identified were epicate-
chin, derivatives of coumaric acid, caffeic acid, quercetin, 
and kaempferol. Our results revealed phenolic acids as 
major components, expressed as hydroxybenzoic, gal-
lic, and ellagic acids, but the most important value was 
determined for ferulic acid. Similarly, Cosmulescu et al. 
(2018) reported the highest average values for gallic 
and coumaric acids (14.49 mg/100g), ellagic acid (5.71 
mg/100g), and ferulic acid (1.25 mg/100g) in cornelian 
fruits. The major flavonoids quantified were epicatechin 

Table 2.  Polyphenols profile of Cornelian cherry fruits and leaves.

Fruits Leaves SEM P

Phenolic acids

Hydroxybenzoic acids

Gallic acid 0.961a 0.325b 0.006 0.0001

Vanillic acid 0.118 nd – –

Syringic acid 0.360 nd – –

Hydroxybenzoic acid 1.736a 1.139b 0.015 0.0001

Ellagic acid 0.745a 0.009b 0.004 0.0001

Hydroxycinnamic acids

Chlorogenic acid 0.415a 0.153b 0.006 0.0001

Caffeic acid 0.177a 0.016b 0.005 0.0001

Metoxicinnamic acid nd 0.017 – –

Ferulic acid 2.469a 0.052b 0.013 0.0001

Coumaric acid 0.041a 0.019b 0.001 0.0001

Cinnamic acid 0.011 nd – –

Flavonoids

Flavanols

Epigallocatechin 0.901a 0.039b 0.003 0.0001

Catechin nd 0.198 – –

Epicatechin 0.707a 0.011b 0.004 0.0001

Flavonols

Rutin 0.063a 0.021b 0.004 0.002

Quercetin nd nd – –

Stilbene

Resveratrol 0.023a 0.004b 0.001 0.0001

SEM, standard error of  the mean; P, significance; nd, not detected; letters “a” and “b” on the same row show significant differences at P < 0.05, 
according to the ANOVA test. 



134� Quality Assurance and Safety of  Crops & Foods 18 (1)

Untea AE et al.

showed antioxidant activity, though to a lesser extent 
than vitamin E, resulting in MDA concentrations of 0.850 
± 0.031 mg/kg and 0.839 ± 0.014 mg/kg, respectively. No 
statistically significant difference was observed between 
the effects of the two plant extracts. The inhibition per-
centage of Cornelian cherry extracts was 25.96 ± 2.19 
for fruits and 26.85 ± 3.63 for leaves, with no statistical 
differences between them. The extract’s inhibition capac-
ities were significantly decreased compared with the vita-
min E potential (42.31 ± 1.32%). The in vitro inhibition 
activity of extracts proved their antioxidant potential 
in delaying lipid peroxidation processes. Several plant 
extracts (Indian spices and Acacia, olive leaves, black-
currant [fruits, pomace, and leaves], blackberry, and 
raspberry leaves) have been reported in the scientific lit-
erature to be very efficient in counteracting the degrada-
tion processes by applying in vitro peroxidation models, 
and shown to inhibit iron-induced lipid peroxidation, 
largely due to their antioxidant and iron-chelating prop-
erties (Botsoglou et al., 2013; Untea et al., 2024; Varzaru 
et al., 2023; Yadav et al., 2023).

The leaves of Cornelian cherry proved to be a valuable 
source of bioactive compounds with potential in ani-
mal nutrition. To evaluate their effect on laying hens, 
a diet supplemented with 0.5% Cornelian cherry leaf 
powder was formulated. To our knowledge, no scien-
tific data has been reported on the inclusion of cor-
nelian cherry leaves in the nutrition of laying hens. 

In vitro studies evaluating the lipid peroxidation inhibi-
tion potential of plant extracts typically involve a biologi-
cal model system composed of a lipid-rich animal matrix, 
an oxidative catalyst, most commonly a transition metal 
ion such as Fe2+ to induce peroxidation and the plant 
extract under investigation as the inhibitory agent. This 
setup allows for the assessment of the extract’s efficacy 
in reducing the formation of lipid peroxidation markers 
measured as malondialdehyde (MDA) products formed 
(Figure 1). The primary mechanism by which iron 
induces lipid peroxidation is the Fenton reaction, where 
ferrous iron catalyzes the production of reactive hydroxyl 
radicals and initiates the free radical chain reactions 
that degrade polyunsaturated fatty acids in meat lipids 
(Yadav et al., 2023). In practice, iron and ascorbic acid are 
commonly used together in meat models to induce lipid 
peroxidation. Ascorbic acid reduces ferric iron (Fe3+) to 
ferrous iron (Fe2+), increasing the availability of reactive 
ferrous iron that participates in the Fenton reaction, and 
this synergistic action accelerates the oxidation of lip-
ids in the meat model. The data presented in Figure 1 
indicate that the MDA concentration in fresh meat was 
0.568  ± 0.018 mg/kg, whereas in the peroxidized meat, 
this value nearly doubled, reaching 1.151 ± 0.075 mg/kg, 
confirming the oxidative impact of the iron/ascorbic acid 
pro-oxidant system. Treatment with a synthetic antioxi-
dant (vitamin E) led to a significant reduction in lipid per-
oxidation, with MDA levels decreasing to 0.663 ± 0.028 
mg/kg. The addition of C. mas fruit and leaf extracts also 

Figure 1.  In vitro induced lipid peroxidation on lipid-rich animal matrix (meat). The peroxidation of meat measured as MDA 
mg/kg under vitamin E and Cornelian cherry extracts (A) and the inhibitory effect of vitamin E and Cornelian cherry fruits and 
leaves extract (B). level of significance **P < 0.001, ***P < 0.0001, ****P < 0.00001.

1.5

(A)

(B)

50

40

30

20

10

0

1.0

0.5

0.0

fre
sh

fresh

pe
rox

idi
ze

d

peroxidized

pe
rox

/vi
t E

perox/vit E

vit E fruits leaves

pe
rox

/fru
its

perox/fruits

pe
rox

/le
av

es

perox/leaves



Quality Assurance and Safety of  Crops & Foods 18 (1)� 135

Exploring the bioactive properties of  Cornelian Cherry 

deposition in yolk are diet-dependent and influenced by 
environmental factors, and a competitive absorption in 
nutrient uptake is present. A nutrition study on humans 
proved that lutein absorption is not influenced by the 
presence of vitamin E in the diet but can be impaired by 
other carotenoids and the polyphenol content (Reboul 
et al., 2007). Other researchers also found that vitamin 
E competes for absorption with some carotenoids, the 
same site of absorption being a possible explanation 
(Saracila et  al., 2022). In broiler breeder hens nutri-
tion, high vitamin A content (20,000–35,000 IU/kg) 
had significant detrimental effects, leading to decreased 
liver function, reproductive performance, and immune 
response (Yuan et  al., 2014). The authors showed that 
increasing the content of vitamin A (5000–35,000 IU/
kg) led to progressive increase of this bioactive com-
pound in eggs and liver, however, vitamin E and iso-
mers, registered progressive decrease from 15.68 to 8.58 
mg/100 g egg yolk. Based on these findings, we assumed 
that due to the high content of β-carotene (11,015 mg/
kg) in the cornelian cherry leaves, vitamin E deposition 
in the egg yolks was decreased. 

Regarding the xanthophyll levels (Table 4), only astax-
anthin was positively influenced by the dietary sup-
plements in fresh eggs. The time was an influencing 
factor on the nutritional quality xanthophyll in eggs. 
Decreasing values were determined after 30 days of 

An experimental feeding trial was conducted, and the 
results indicated that the inclusion of the plant material 
had no significant impact on productive performance 
parameters compared to the control group (data not 
shown). Liposoluble bioactive compounds of egg yolk 
from hens fed with a conventional diet, compared with 
0.5% Cornelian cherry leaves-supplemented diet (0 vs 
30 days storage time), are presented in Tables 3 and 4. 

Data shown in Table 3 presented the decreasing effects 
of dietary supplements on the tocopherol levels in the 
yolk. Only vitamin A registered significant increased 
concentration in the experimental group, compared 
with the control. To date, there is no evidence regarding 
the effect of cornelian cherry supplementation on the 
vitamin E content of egg yolk in laying hens. However, 
other studies on the effect of dietary vitamin E or phyto-
genics on tocopherol content of egg yolk prove a direct 
relationship between the antioxidants from diets and 
their concentrations in the end products (eggs) (Rbah 
et al., 2025; Zhao et al., 2021). The mechanism that can 
explain the influence of dietary antioxidants on egg yolk 
nutrient content is centered on diet-driven maternal 
transfer and antioxidant interactions. Liposoluble com-
pounds are absorbed from the hen’s diet, transported 
via the bloodstream bound to lipoproteins, and depos-
ited in the yolk during its formation (Surai et al., 2001). 
Other studies proved that carotenoids and vitamin E 

Table 3.  Vitamin concentrations in yolk (0 vs 30 days storage time).

Time Diet α tocopherol,
mg/kg

δ tocopherol,
mg/kg

γ tocopherol,
mg/kg

Tocopherol total,
mg/kg

Retinol,
mg/kg

0 days CG 205.2a 3.869a 17.19a 226.2a 24.48a

CCG 157.2c 3.618ab 16.16a 177.0c 25.78a

30 days CG 186.8b 3.696ab 13.37b 203.8b 19.18b

CCG 148.5c 3.522b 11.67b 163.7c 21.18b

Main effects

Diet CG 195.9a 3.783a 15.28a 215.0a 21.83b

CCG 152.8b 3.570b 13.92b 170.4b 23.48a

Time 0 days 181.2a 3.743 16.67a 201.6a 25.14a 

30 days 167.6b 3.609 12.52b 183.7b 20.18b

P

Diet 0.001 0.004 0.378 0.001 0.580

Time 0.001 0.053 0.378 0.001 0.580

Diet × Time 0.110 0.560 0.534 0.195 0.821

SEM

Diet 2.041 0.046 0.019 2.394 0.048

Time 2.041 0.046 0.001 2.394 0.001

Diet × Time 2.887 0.065 0.538 3.386 0.678

SEM, standard error of  the mean; P, significance; letters “a” and “b” on the same row show significant differences at P < 0.05, according to the 
ANOVA test.
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natural antioxidant source, tannins, phytic acid, high 
fiber, or saponins may affect the metabolism of carot-
enoids (Chukwuebuka et al., 2015). A study regarding 
the physicochemical properties of cornelian cherry 
revealed that the hydrolysable tannins are the major 
class of phenolics in the fruit matrix of the studied 
plant (Güzel et  al., 2021). Other authors cited in the 
study noticed remarkable tannin concentrations in 
C.  mas, which ranged between 0.6 and 14% (Dinda 
et  al., 2016), which might also contribute to the xan-
thophyll’s decrease during storage. 

Table 5 presents comparative data regarding the effect of 
cornelian cherry supplementation in diets of laying hens 
on polyphenols and DPPH values recorded in egg yolks at 
the end of the experiment and 0after 30 days of storage at 
refrigeration temperature. The results obtained revealed 
a significant effect of supplements on concentrations of 
total polyphenols and DPPH, and the antioxidant status of 
eggs was not affected by the storage time. In human nutri-
tion, vegetal sources are recognized as the primary pro-
viders of hydrosoluble antioxidants, such as polyphenols. 
The chemical composition of egg yolk typically reveals 
low concentrations of polyphenols compared to the plant 
kingdom. However, some studies in animal nutrition have 
demonstrated the potential of phytoadditives in increas-
ing polyphenol concentrations in egg yolk and enhancing 

storage in refrigerator (5°C). Previous studies reported 
that xanthophylls with high polarity (lutein), registered 
moderate decreases (up to 10–20%) after 30 days of 
refrigerated storage, attributed to their susceptibility to 
oxidation and isomerization in the lipid matrix of the 
egg (Dansou et al., 2023; Dias et al., 2014). In contrast, 
astaxanthin, although considered more structurally 
stable, initially presented significantly higher values ​​in 
the group supplemented with cornelian cherry leaves, 
decreased proportionally during storage. The results 
align with previous observations that xanthophyll 
carotenoids (lutein) are more stable in the long term 
than ketocarotenoids (astaxanthin), and plant supple-
mentation alters their initial distribution in the eggs 
during storage, as recently reported (Chen et al., 2025). 
The competition between liposoluble compounds for 
absorption cannot explain the decreased deposition 
of vitamins and xanthophylls in yolks belonging to C. 
mas supplemented fed group. This reduction can be 
attributed to the preferential consumption of astaxan-
thin as an antioxidant for the protection of yolk lipids, 
a phenomenon also described in other studies on the 
stability of carotenoids in enriched eggs (Chen et  al., 
2025). Another potential explanation is the antinu-
tritional factors present in Cornelian Cherry leaves 
that may inhibit liposoluble compounds absorption 
and deposition. Although C. mas has potential as a 

Table 4.  Xanthophyll concentrations in yolk (0 vs 30 days storage time).

Time Diet Lutein
(mg/kg)

Astaxanthin
(mg/kg)

Canthaxanthin
(mg/kg)

0 days CG 33.51ab 10.23b 11.32a

CCG 34.35a 14.49a 10.80ab

30 days CG 31.27bc 5.935c 9.006b

CCG 29.40c 5.088c 8.851b

Main effects

Diet CG 31.87 8.083b 10.16

CCG 32.38 9.791a 9.828

Time 0 days 33.93a 12.36a 11.06a

30 days 30.33b 5.512b 8.929b

P 

Diet 0.481 0.006 0.537

Time 0.001 0.001 0.002

Diet × Time 0.080 0.001 0.739

SEM

Diet 0.500 0.360

Time 0.500 0.360 0.374

Diet × Time 0.707 0.510 0.529

SEM, standard error of  the mean; P, significance; letters “a” and “b” on the same row show significant differences at P < 0.05, according to the 
ANOVA test.
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Table 5.  Total polyphenols and antioxidant capacity determined in yolk (0 vs 30 days storage time).

Time Diet Total polyphenols (mg/g GAE) DPPH
(mg/g Trolox)

0 days CG 0.666b 1.363ab

CCG 0.820a 1.624a

30 days CG 0.602b 1.220b

CCG 0.641b 1.524a

Main effects

Diet CG 0.634b 1.292b

CCG 0.730a 1.574a

Time 0 days 0.742a 1.494

30 days 0.621b 1.372

P

Diet 0.009 0.001

Time 0.002 0.102

Diet × Time 0.092 0.765

SEM

Diet 0.023 0.050

Time 0.021 0.050

Diet × Time 0.030 0.070

SEM, standard error of  the mean; P, significance; nd, not detected; letters “a” and “b” on the same row show significant differences at P < 0.05, 
according to the ANOVA test.

Table 6.  Oxidative stability parameters determined in yolk (0 vs 30 days storage time).

Time Diet Peroxide value
(meq active O2/

kg)

Conjugated 
dienes

(µmol/g)

Conjugated 
trienes

(µmol/g)

P-anisidine 
value

TBARS
(µg/g)

 0 days CG 0.219ab 6.742 2.382 15.09b 136.4b

CCG 0.135b 6.560 2.678 9.227b 116.6b

30 days CG 0.268a 7.414 2.943 31.02a 214.2a

CCG 0.160b 7.400 3.179 27.40a 166.0ab

Main effects

Diet CG 0.243a 6.980 2.662 23.05 175.3a

CCG 0.148b 7.078 2.928 18.31 141.3b

Time 0 days 0.210 6.651b 2.530b 12.16b 126.5b

30 days 0.247 7.407a 3.061a 29.21a 190.1a

P 

Diet 0.001 0.786 0.229 0.059 0.022

Time 0.109 0.046 0.022 0.001 0.0001

Diet x Time 0.595 0.817 0.891 0.642 0.310

SEM

Diet 0.016 0.252 0.152 1.678 9.691

Time 0.016 0.252 0.152 1.678 9.691

Diet x Time 0.022 0.356 0.214 2.373 13.70

SEM, standard error of  the mean; P, significance; letters “a” and “b” on the same row show significant differences at P < 0.05, according to the 
ANOVA test.
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