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Abstract 

Sour cherry (Prunus cerasus L.) is a rich source of polyphenolic compounds, which contribute to its numerous 
health-promoting properties. Fruit contains a variety of bioactive constituents, including anthocyanins, flavonols, 
and chlorogenic acids, which are associated with antioxidant, anti-inflammatory, and cardioprotective effects. 
Analyses of these compounds demonstrate the potential of sour cherry to support human health and reduce the risk 
of chronic diseases. However, the protection of these bioactive compounds is crucial, as food processing methods 
such as heat treatment, freezing, drying and storage can significantly affect their concentration and biological activity. 
Sour cherries are commonly processed into products such as juice, concentrates and jams. Jam quality is influenced 
by its recipe, processing methods, and storage conditions. During jam production, significant losses of polyphe-
nols are observed, particularly anthocyanins, which can decrease by up to 90%. Storage further reduces their levels, 
with the extent of loss depending on time and temperature. These findings highlight the importance of processing 
and storage technologies for protecting the bioactive compounds in sour cherry jams.
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Graphical Abstract

Introduction
Fruits and vegetables are key components of a healthy 
lifestyle, as their high contents of vitamins and other bio-
active compounds can contribute to the prevention of 
oxidative stress, inflammation, and certain chronic dis-
eases, such as cardiovascular disorders and cancer, when 
consumed regularly. In addition, these foods are rich 
sources of dietary fiber and minerals (Kocabas & Sanlier, 
2024; Loizzo & Tundis, 2019; Narra et al., 2024).

Sour cherry (Prunus cerasus L.) is a stone fruit that 
belongs to the Rosaceae family. It is widely cultivated 
across the world, with most varieties being native to 
Europe and Asia, where it plays a significant nutritional 
and economic role (Kimble et  al., 2021; Sabou et  al., 
2021). In recent years, the largest sour cherry producing 
countries have included Turkey, Russia, Poland, Serbia, 
and Ukraine, which together account for a major share 
of global production. For instance, Turkey alone pro-
duced approximately 700–900 thousand tons annually 
in the past decade, consistently ranking as the world’s 
leading producer, followed by Russia and Poland with 
150–200 thousand tons per year each. These production 
values are based on the most recent global agricultural 
statistics (FAOSTAT, 2023). Its chemical composition 
largely depends on its variety; additionally, the ripeness 
stage, cultivation practices, and environmental factors 

also influence its chemical composition (Serradilla et al., 
2016). Sour cherry is a relatively low-calorie fruit, pro-
viding approximately 50 kcal per 100 g of fresh fruit, and 
contains 82–86% water. Its main vitamins are vitamin C, 
typically 8–15 mg/100 g, and beta-carotene (provitamin 
A), present at approximately 40–100  µg/100  g. Among 
minerals, potassium is found in the highest concentra-
tion, generally ranging between 170–200 mg/100 g, con-
tributing to the fruit’s beneficial effects on electrolyte 
balance (Blando & Oomah, 2019; Serradilla et al., 2016). 
The most important bioactive compounds in sour cher-
ries are polyphenols, which are secondary metabolites of 
plants and have been proven to have a positive effect on 
health (Mustafa et al., 2020; Bobrysheva et al., 2023). To 
date, more than 8,000 polyphenolic compounds that per-
form numerous biological and environmental functions 
have been identified. These functions include cell-divi-
sion regulation, hormonal balance, photosynthetic pig-
ment synthesis, nutrient mobilization, ROS scavenging, 
insecticidal and antimicrobial activity, and allelopathic 
interactions within plant systems. (Bobrysheva et  al., 
2023; Sharma et al., 2019). Among other roles, they con-
tribute to the defense mechanisms of plants, exhibiting 
antimicrobial and insecticidal effects. They also influence 
cell division, cell differentiation, cell wall strengthening 
and lignin synthesis. The taste, aroma, and color of fruits 



Page 3 of 22Pál et al. Food Production, Processing and Nutrition            (2026) 8:13 	

are largely attributed to the presence of polyphenolic 
compounds, which additionally play a role in inhibiting 
harmful oxidative processes (Nagy, 2016). The polyphe-
nolic composition and, consequently, the nutritional and 
sensory quality of sour cherry significantly change during 
ripening. As ripening progresses, the chlorophyll content 
decreases, whereas the concentration of antioxidant pig-
ments such as anthocyanins and carotenoids increases. 
Anthocyanins are the most abundant polyphenolic com-
pounds in sour cherry and accumulate primarily in the 
skin, which substantially contributes to the sensory prop-
erties and biological value of the fruit (Blando & Oomah, 
2019; Mattioli et al., 2020a, b).

The biological activity of polyphenolic compounds 
strongly depends on their structure, concentration, and 
the food processing methods applied. Heat treatment, 
freezing, drying, and other processing techniques can 
reduce the amounts of bioactive compounds present in 
the fruit, which may affect the health benefits of foods. 
This is particularly important because polyphenols con-
tribute to reducing inflammation, mitigating oxidative 
stress, and preventing cardiovascular diseases. Therefore, 
a decrease in their concentration can lead to a reduction 

in the functional value of foods (Narra et  al., 2024). 
Therefore, summarizing the major classes of polyphe-
nolic compounds in sour cherry and highlighting how 
processing methods influence their concentration and 
biological activity are essential.

Major polyphenolic compounds in sour cherry
Among the bioactive compounds in sour cherry, 
polyphenolic compounds are present in the greatest 
amounts. These polyphenols can be classified into two 
main groups: flavonoids and non-flavonoid polyphenols 
(Fig.  1). Table  1 presents the polyphenolic compounds 
found in sour cherry and their quantitative ranges on the 
basis of literature data.

The total polyphenol content of sour cherry varies sig-
nificantly in the literature because of genetic, cultivation, 
and environmental factors. A study conducted in 2004 at 
the New York State Agricultural Experiment Station in 
Geneva, New York, USA, compared four sour cherry cul-
tivars whose total polyphenol content ranged from 162 to 
312 mg gallic acid equivalents (GAE)/100 g fresh weight 
(FW) (Kim et  al., 2005); in contrast, a study conducted 
in 2011 in Denmark examined 34 sour cherry cultivars 

Fig. 1  Classification of polyphenolic compounds. Own editing based on (Prabhu et al., 2021; W. Li et al., 2023; Ciupei et al., 2024; Lang et al., 2024)
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Table 1  The main polyphenol compounds in sour cherry fruit. Abbrevation: FW – fresh weight; CE – catechin equivalent; C3GE – 
cyanidin-3-glucoside equivalent

Compound group Subgroups chemical formula Range Reference

Total polyphenols 74–1276 mg/100 g FW (Kim et al., 2005)

(Viljevac Vuletić et al., 2017)

(Khoo et al., 2011)

(Sokół-Łętowska et al., 2020)

Flavonoids Total flavonoid content 33.8—114.1 mg CE/100 g FW (Głowacka et al., 2020)

Anthocyanins 17.97–493 mg C3G/100 g FW (Kim et al., 2005)

(Viljevac Vuletić et al., 2017)

(Khoo et al., 2012)

(Proietti et al., 2019)

(Głowacka et al., 2020)

(Blando et al., 2004)

(Sokół-Łętowska et al., 2020):

Cyanidin-3-O-glucoside
(kuromanin)
C21H20O11

0.52–6.70 mg/100 g FW (Blando et al., 2004)

(Proietti et al., 2019)

(Nemes et al., 2018)

(Głowacka et al., 2020)

(Karaaslan & Yaman, 2016)

(Kim et al., 2005)

Cyanidin-3-O-rutinoside (keracyanin)
C27H30O15

1.6–183 mg/100 g FW (Nemes et al., 2018)

(Proietti et al., 2019)

(Głowacka et al., 2020)

(Blando et al., 2004)

(Kim et al., 2005)

Cyanidin-3-O-glucosylrutinoside C33H41O20 2–270 mg/100 g FW (Blando et al., 2004)

(Nemes et al., 2018)

(Proietti et al., 2019)

(Kim et al., 2005)

Cyanidin-3-O-sophoroside
C27H30O16

0.71–39.2 mg/100 g FW (Proietti et al., 2019)

(Blando et al., 2004)

Peonidin-3-O-rutinoside
C28H32O15

1.76–76.7 mg/100 g FW (Proietti et al., 2019)

(Kim et al., 2005)

Flavonols 1.7–25 mg/100 g FW (Głowacka et al., 2020)

(Sokół-Łętowska et al., 2020):

Quercetin 0.06- 8.20 mg/100 g FW (Kim et al., 2021)

(Lugasi & Takács, 2002)

(Nemes et al., 2018)

Quercetin-3-O-rutinoside (Rutin or Sophorin)
C27H30O16

0.04–5.7 mg/100 g FW (Głowacka et al., 2020)

(Nemes et al., 2018)

(Kim et al., 2005)

Quercetin-3-O-glucoside (Isoquercetin)
C21H20O12

0.1–0.7 mg/100 g FW (Głowacka et al., 2020)

(Kim et al., 2005)

Kaempferol
Kaempferol-3-O-glucoside (Astragalin)
C21H20O11

0.1–3.3 mg/100 g FW (Głowacka et al., 2020)

Kaempferol-3-O-rutinoside
C27H30O15

0.30- 1.29 mg/100 g FW (Kim et al., 2005)
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and reported total polyphenol contents ranging between 
74 and 754 mg GAE/100 g FW. Most cultivars have total 
polyphenol contents between 200 and 400 mg GAE/100 g 
FW (Khoo et al., 2011). In Croatia, over a period of four 
years, the total polyphenol content of sour cherry culti-
vars grown at two different locations ranged between 487 
and 1276 mg GAE/100 g FW. Generally, the same culti-
vars presented lower polyphenol contents at one of the 
sites, indicating that environmental factors have a more 
significant impact than the genetic characteristics of the 
cultivars do (Viljevac Vuletić et al., 2017).

Flavonoids
Flavonoids have a fundamental 15-carbon C6–C3–C6 
flavone backbone composed of two benzene rings (A and 
B) connected by a three-carbon pyran ring (C). The anti-
oxidant capacity of flavonoids is influenced by the posi-
tion of the catechol group on the B ring relative to the 
C ring, as well as the number and placement of hydroxyl 
groups on the B-ring catechol (Dias et  al., 2021). In a 
four-year study conducted in Poland examining four 
sour cherry cultivars from both organic and conventional 
cultivation, total flavonoid values ranged between 38.6 
and 114.1 mg catechin equivalents (CE)/100 g FW. Both 
the lowest and highest values were observed in samples 
from organic cultivation (Głowacka et  al., 2020); thus, 
the effect of cultivation method on this parameter is 
relatively low. Flavonoids play a key role in determining 
the color, taste, and structural stability of plants. These 
compounds contribute to plant tolerance to environ-
mental stress and are involved in plant metabolism and 
photosynthesis, including the regulation of cell division, 
synthesis of photosynthetic pigments, and antioxidant 
defense. Chemically, they can be classified into several 
subgroups. The most abundant flavonoids in sour cherry 
are anthocyanins, which accumulate mainly in the skin 
and contribute to sensory properties and antioxidant 
defense, while other flavonoids, including flavonols, are 

also present and play a role in stress protection (Nagy, 
2016; Sharma et al., 2019).

Anthocyanins are responsible for the characteris-
tic pigmentation of sour cherry. Anthocyanins are the 
sugar-bound derivatives of anthocyanidins (aglycones). 
They are built on a flavylium cation core, which can be 
hydroxylated at various positions—commonly C3, C5, 
C6, C7, and C3’, C4’, C5’—resulting in different antho-
cyanidins. Their color is strongly pH-dependent: at 
acidic pH they appear red, at near-neutral pH they shift 
toward purple, and at alkaline pH they became blue. 
This color variation is influenced by structural factors 
such as the number of hydroxyl groups and the type 
and position of sugar and acyl residues attached to the 
aglycone. The λ-max of anthocyanins typically ranges 
from 490–540  nm. Anthocyanins are more water-
soluble and highly sensitive to environmental factors, 
highlighting the need for careful consideration during 
processing and storage (Alappat & Alappat, 2020; Khoo 
et al., 2017; Mattioli et al., 2020a, b). The total anthocy-
anin content of sour cherries varies between 17.97 and 
493 cyanidin-3-O-glucoside equivalents (C3G)/100  g 
FW (Blando et  al., 2004; Kim et  al., 2005; Khoo et  al., 
2012; Viljevac Vuletić et  al., 2017; Proietti et  al., 2019; 
Głowacka et  al., 2020; Sokół-Łętowska et  al., 2020). 
More than 700 anthocyanin compounds have been 
identified, but 90% of them can be traced back to just 
six anthocyanidins: cyanidin, pelargonidin, delphinidin, 
peonidin, petunidin, and malvidin, which occur abun-
dantly in nature (Wallace & Giusti, 2019). The most 
abundant anthocyanin compounds in sour cherry are 
cyanidin-3-O-rutinoside and cyanidin-3-O-glucosyl-
rutinoside. Additionally, relatively small to moderate 
amounts of cyanidin-3-O-glucoside, peonidin-3-O-
rutinoside, and cyanidin-3-O-sophoroside are pre-
sent. The quantity of cyanidin-3-O-rutinoside in sour 
cherry varies widely, ranging from 1.6 to 183 mg/100 g, 
similar to cyanidin-3-O-glucosylrutinoside, for 

Table 1  (continued)

Compound group Subgroups chemical formula Range Reference

Non-flavonoid polyphenols Phenolic acids 1.7–126.99 mg/100 g FW (Głowacka et al., 2020)

(Sokół-Łętowska et al., 2020)

Hydroxycinnamic acids:

Chlorogenic acid
C16H18O9

0.5–6.1 mg/100 g FW (Głowacka et al., 2020)

(Nemes et al., 2018)

(Kim et al., 2005)

Neochlorogenic acid
C16H18O9

6.74–59 mg/100 g FW (Nagy-Gasztonyi et al., 2010)

(Kim et al., 2005)
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which the literature reports values between 2 and 
270 mg/100 g FW. In an Italian study examining three 
sour cherry cultivars, the content of cyanidin-3-O-
rutinoside was observed within a relatively narrow 
range (9.26–25.26  mg/100  g) (Blando et  al., 2004). In 
a comparative study of organic and conventional sour 
cherries in Poland, the cyanidin-3-O-rutinoside con-
tent ranged between 26.3 and 103.1 mg/100 g FW. The 
highest value (103.1  mg/100  g) was measured in an 
organic cultivar (Keleris 6), whereas the lowest value 
(26.3  mg/100  g) was found in a conventionally grown 
cultivar (Pándy 103) (Głowacka et  al., 2020). In Hun-
gary, during the analysis of the Újfehértói fürtös culti-
var, among the three identified cyanidin compounds, 
cyanidin-3-O-rutinoside was present in the highest 
amount (183  mg/100  g FW). However, in the same 
sample, the cyanidin-3-O-glucosylrutinoside con-
tent was much lower, measuring only 2  mg/100  g FW 
(Nemes et  al., 2018). In contrast, in an Italian study 
analyzing three sour cherry cultivars, among the four 
detected cyanidin compounds, cyanidin-3-O-glucosyl-
rutinoside was present in the highest proportion, rang-
ing from 17.3 to 51.89  mg/100  g (Blando et  al., 2004). 
In another study conducted in Italy, cyanidin-3-O-glu-
cosylrutinoside accounted for 67% of the total antho-
cyanin compounds, with contents ranging from 39.5 to 
270.8 mg/100 g FW, suggesting that the phenolic com-
position can vary significantly depending on the culti-
vation site (Proietti et al., 2019).

The amount of cyanidin-3-O-glucoside in sour 
cherry is generally relatively low, ranging from 0.52 to 
6.70 mg/100 g FW. However, in the analysis of the Hun-
garian Újfehértói fürtös cultivar, cyanidin-3-O-glucoside 
was among the main anthocyanins, with a content of 
4.29 mg/100 g FW (Nemes et al., 2018). In a 2020 Polish 
study, which conducted a detailed analysis of four organic 
and four conventionally grown sour cherry cultivars 
(“Oblacinska”, Keleris 16, Pándy 103, Debreceni bőtermő), 
significant variation in cyanidin-3-O-glucoside content 
was observed among the cultivars. The values ranged 
between 3.26 and 6.70  mg/100  g FW (Głowacka et  al., 
2020). Lower values were reported elsewhere, where 
concentrations varied between 0.88 and 1.31  mg/100  g 
FW, likely due to factors such as cultivar, ripening stage, 
and biochemical changes during maturation (Karaaslan 
& Yaman, 2016; Mitić et  al., 2012). The concentra-
tion of cyanidin-3-O-sophoroside ranges from 0.71 to 
39.2  mg/100  g FW (Blando et  al., 2004; Proietti et  al., 
2019). The detected amount of peonidin-3-O-rutinoside 
in sour cherry was also relatively low, with a value of 
1.76 mg/100 g according to a South Korean study. (Kim 
et  al., 2005), however, in an Italian study, much higher 

values were detected, ranging from 15 to 76.7 mg/100 g 
(Proietti et al., 2019).

Flavonols, which are flavonoids, contain a ketone 
group. There is a double bond between C2 and C3 and a 
carbonyl group at C4. These compounds have a yellow-
ish color, resulting in strong absorption at 340–380 nm. 
The amount of flavonols in sour cherry is estimated to be 
between 1.7 and 25 mg/100 g FW (Głowacka et al., 2020). 
Quercetin and kaempferol are the most significant fla-
vonols found in sour cherry (Sokół-Łętowska et al., 2020).

In sour cherry, quercetin and kaempferol occur mainly 
in glycosylated forms. The quercetin content in sour 
cherry ranges from approximately 0.06 to 8.20 mg/100 g 
FW (Lugasi & Takács, 2002; Nemes et  al., 2018; Kim 
et  al., 2021). The most significant quercetin derivatives 
are quercetin-3-O-rutinoside (rutin) and quercetin-3-O-
glucoside. The rutin content in sour cherry is greater than 
that of quercetin-3-O-glucoside, ranging from approxi-
mately 0.04 to 5.7 mg/100 g FW (Kim et al., 2005; Nemes 
et al., 2018; Głowacka et al., 2020). The content of querce-
tin-3-O-glucoside ranges between 0.1 and 0.7  mg/100  g 
FW (Kim et al., 2005; Głowacka et al., 2020).

Kaempferol is a flavonol compound with hydrophobic 
properties. The total kaempferol content in sour cherries 
ranges between approximately 0.30 and 1.29  mg/100  g 
FW. The most significant kaempferol derivatives are 
kaempferol-3-O-glucoside and kaempferol-3-O-ruti-
noside. The kaempferol-3-O-glucoside content var-
ies between 0.1 and 3.3  mg/100  g FW in sour cherries, 
whereas kaempferol-3-O-rutinoside is present in smaller 
amounts, approximately 0.30 to 1.29  mg/100  g FW 
(Głowacka et al., 2020).

Non‑flavonoid polyphenols
Among polyphenols, phenolic acids can be considered 
as the simplest compounds and are the best-known non-
flavonoid phenolic compounds. These compounds are 
characterized by a distinctive aromatic smell. They are 
carboxylic acids derived from either a benzoic acid or 
cinnamic acid backbone. The phenolic acids belonging 
to the cinnamic acid group found in sour cherry include 
chlorogenic acid and neochlorogenic acid (Blando & 
Oomah, 2019; Sokół-Łętowska et al., 2020).

Chlorogenic acid is one of the major phenolic acids in 
sour cherry, and it is concentration shows a broad varia-
tion depending on cultivar and growing conditions. In a 
detailed study comparing organic and conventional sour 
cherries, chlorogenic acid levels varied between 1.0 and 
6.1 mg/100 g FW. The highest amount was measured in 
an organically grown cultivar; however, high values were 
also observed among conventionally grown cherries (up 
to 5.8 mg/100 g FW). The organic sour cherry cultivars 
contained significantly more chlorogenic acid in three 
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out of the four years examined (Głowacka et al., 2020). In 
the Hungarian study of the Újfehértói fürtös cultivar, the 
chlorogenic acid content was 0.51  mg/100  g FW, which 
falls within the lower range of chlorogenic acid levels 
found in sour cherry (Nemes et al., 2018). A similar range 
of values was reported in South Korea; however, one cul-
tivar showed a high concentration, whereas the other 
three cultivars examined contained less than one quarter 
of that amount (Kim et al., 2005).

The amount of neochlorogenic acid is higher than that 
of chlorogenic acid. The total neochlorogenic acid con-
tent ranges from 6.74 to 59 mg/100 g FW, with significant 
variations observed between both growing locations and 
cultivars (Kim et al., 2005; Nagy-Gasztonyi et al., 2010).

Biological effects of the main polyphenolic compounds 
found in sour cherry on the basis of animal and human 
studies
Although sour cherries contain significant amounts 
of these bioactive compounds, relatively few stud-
ies have examined their biological effects specifically 
using extracts isolated from sour cherry fruit. Therefore, 
in this section, we also summarize findings from stud-
ies where the same compounds were isolated from other 
dietary sources, to provide a broader understanding of 
their potential health effects and to highlight this existing 
research gap.

FLAVONOIDS
Anthocyanins
Cyanidin‑3‑O‑glucoside  A diet rich in berries and 
some red stone fruits like sour cherry can significantly 
contribute to the prevention of various diseases, in part 
because of their high content of cyanidin-3-O-glucoside 
(C3G), which is well absorbed and highly bioavailable. 
In a 16-week study conducted in an Alzheimer’s disease 
mouse model, prolonged C3G treatment was shown to 
reduce the formation of amyloid-β plaques-aggregates 
that accumulate in the brain during Alzheimer’s disease. 
Additionally, it decreases pathological modifications of 
the tau protein, which is located in the brain’s neurons. 
The treatment also promoted autophagy and enhanced 
neuronal communication while regulating the PI3K/Akt/
GSK3β signaling pathway. These findings suggest that 
C3G may protect neurons and improve cognitive func-
tion, highlighting its potential as a promising therapeu-
tic agent for the treatment of Alzheimer’s disease (Baek 
et  al., 2023). Moreover, C3G treatment has been shown 
to enhance glucose metabolism, which may contribute 
to its beneficial effects in nonalcoholic fatty liver disease 
(NAFLD). The administration of this compound reduced 
oxidative damage in the liver, suppressed NLRP3 inflam-
masome activation, and decreased lipid accumulation 

in hepatocytes. 16  weeks of C3G supplementation may 
improve liver conditions, particularly through its ben-
eficial effect on restoring glucose metabolism (Li et  al., 
2020). The effects of anthocyanin compounds found in 
blackberries on the gut microbiota were investigated, and 
the antioxidant activity of their metabolites was analyzed. 
After 6 h of fermentation, C3G was completely degraded, 
and the resulting metabolic products improved glucose 
metabolism and reduced oxidative damage in HepG2 
cells (Gowd et  al., 2019). The role of C3G in regulating 
the NF-κB signaling pathway has also been investigated, 
with a particular focus on intestinal inflammatory pro-
cesses. In vitro studies demonstrated that this compound 
can attenuate inflammation induced by TNF-α in both 
intestinal epithelial and endothelial cells, thereby poten-
tially aiding in the treatment of inflammatory bowel dis-
eases and providing protection for the gut microbiota 
(Ferrari et  al., 2017). The antioxidant, antidiabetic, anti-
inflammatory, and cytoprotective effects of C3G have 
been investigated through various mechanisms, with 
particular attention to disorders induced by oxidative 
stress. In  vitro studies demonstrated that C3G reduced 
the levels of reactive oxygen species (ROS). In vivo mod-
els revealed that cytoprotective effects are mediated via 
the Nrf2/ARE signaling pathway. Although the anti-
oxidant potential of C3G through the modulation of the 
Nrf2 pathway has been less extensively studied, these 
findings suggest that C3G has multiple health-promoting 
properties, including anti-inflammatory effects and pro-
tection against DNA damage (Rahman et  al., 2021). An 
in vivo animal study demonstrated that C3G and its phe-
nolic acid metabolites mitigate light-induced degenera-
tion through activation of the Nrf2/HO-1 (nuclear factor 
erythroid 2-related factor 2/heme oxygenase-1) path-
way. Pigmented rabbits received supplementation with 
C3G, protocatechuic acid (PCA), and ferulic acid (FA) 
at a dosage of 0.11  mmol/kg/day for a total of 3  weeks. 
These results suggest that C3G and its metabolites pro-
vide protection against light-induced damage, likely due 
to their potent antioxidant and anti-inflammatory prop-
erties (Wang et al., 2016). The role of C3G in preventing 
cadmium (Cd)-induced toxicity to the female reproduc-
tive system has been investigated. Oral administration 
of C3G significantly reduced the impact of cadmium on 
the thickness of the uterine epithelial layer. Additionally, 
C3G demonstrated antiestrogenic effects by attenuat-
ing cadmium-induced endometrial cell proliferation and 
increasing progesterone receptor expression, highlighting 
the potential of C3G supplementation as a dietary inter-
vention for the prevention of female reproductive toxicity 
caused by cadmium exposure (Yang et al., 2022a, b). In a 
mouse model study, C3G and protocatechuic acid (PCA, 
a phenolic metabolite) were shown to provide protective 
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effects against heat shock-induced damage to the testes. 
These two compounds increase the tolerance of the testes 
to heat stress by mitigating the cellular stress response, 
thereby supporting the maintenance of normal testicu-
lar function. Furthermore, the treatment improved the 
antioxidant mechanisms in the testes and helped alleviate 
disruptions in spermatogenesis (Cai et al., 2023).

These studies reinforce that C3G plays a crucial role 
in maintaining a healthy gut microbiota and regulating 
inflammatory processes, while also exerting antioxidant 
and cytoprotective effects.

Cyanidin‑3‑O‑rutinoside  In vitro and in  vivo studies 
the effects of cyanidin-3-O-rutinoside (C3R) were exam-
ined on intestinal α-glucosidase. C3R delayed carbohy-
drate absorption by inhibiting α-glucosidase, indicating 
that it is effective in regulating carbohydrate metabolism, 
which may help in the prevention and treatment of dia-
betes mellitus (Adisakwattana et  al., 2011). Rat INS-1 
cells were used in a study that demonstrated that C3R 
may help reduce hyperglycemia in diabetic patients. At 
concentrations of 60, 100, and 300 µM, C3R significantly 
increased insulin secretion through intracellular Ca2⁺ 
signaling. Exposure of the cells to 100  µM C3R had no 
effect on their viability, indicating that C3R can be safely 
used and may aid in improving high blood sugar levels in 
diabetic patients (Kongthitilerd et  al., 2022). When the 
lipid-lowering effect of C3R was investigated in  vitro, 
C3R reduced cholesterol uptake in Caco-2 cells, pre-
vented micelle formation, and bound to bile acids, which 
contributed to the reduction in cholesterol absorption. 
This revealed that C3R inhibits lipid absorption; thus, 
it may be suitable for lowering lipid levels (Thilavech & 
Adisakwattana, 2019). The lipid-lowering effect of C3R 
extracted from Mori Fructus (white mulberry) was stud-
ied in high-fat diet (HFD)-induced hyperlipidemic mice. 
These results showed that this compound significantly 
reduced serum lipid levels and alleviated liver damage 
caused by the HFD. Analysis of the gut microbiota con-
firmed that C3R altered specific gut microbiota com-
positions but did not affect their diversity (Zhong et al., 
2025). Rat models have demonstrated that C3R has a 
positive effect on the vascular system and is capable of 
inhibiting glycation. C3R was administered intravenously 
(15–25  μmol/kg body weight) to male animals, and it 
was shown to significantly reduce arterial blood pres-
sure (Thilavech et  al., 2017). Lyophilized acai pulp (AP) 
and C3R effects have also been studied in rat models. 
These results suggest that acai pulp may have anticancer 
properties and could aid in the prevention of colon can-
cer. C3R was shown to reduce the mobility of cancer cells 
(Fragoso et al., 2018). The effect and mechanism of C3R 
were studied in leukemia and lymphoma cell lines. C3R 

was able to induce apoptosis, i.e., programmed cell death, 
in HL-60 leukemia cells in a dose- and time-dependent 
manner. Additionally, C3R caused the accumulation 
of peroxides in the cells, which promoted apoptosis. It 
activates the p38 MAPK and JNK signaling pathways, 
which play key roles in the cellular response, and it also 
activates the Bim protein, which mediates mitochondrial 
apoptosis. Notably, C3R does not increase ROS levels and 
has no toxic effects on human blood cells, indicating that 
it selectively targets leukemia cells (Feng et al., 2007).

An examination of its anti-inflammatory effect revealed 
that C3G and C3R achieved increased plasma concentra-
tions in a dose-dependent manner (Brunetti et al., 2023).

Cyanidin‑3‑O‑glucosylrutinoside  Although there are cur-
rently limited scientific data available on cyanidin-3-O-
glucosyl-rutinoside (C3GR), some studies have shown 
promising effects. Experiments conducted on rat models 
demonstrated that anthocyanins, including C3GR, have 
health-promoting effects, as C3GR was detected in target 
tissues (Kirakosyan et  al., 2015). The anti-inflammatory 
effect of C3GR has been demonstrated, as has its poten-
tial role in alleviating gout symptoms. In experiments con-
ducted on an acute gout mouse model, clinically relevant 
doses of tart cherry juice concentrate significantly reduced 
inflammatory processes (Schlesinger et al., 2022).

Flavonols (Quercetin and Kaempferol)
Quercetin‑3‑O‑rutinoside (rutin)  Mice were adminis-
tered 10  mg/kg body weight quercetin-3-O-rutinoside 
(rutin), followed by a single exposure of the chest region 
to radiation for investigating the effects of radiation-
induced fibrosis. The results showed that this com-
pound provided protection to the lungs against radia-
tion by regulating the NF-κB/TGF-β1 signaling pathway 
(Verma et  al., 2022). Mouse models were also used to 
study the ability of the rutin to protect the entire body 
against gamma radiation. It regulates apoptosis, protect-
ing the gastrointestinal tract from the effects of radia-
tion (Dutta & Dahiya, 2023). The pharmacological effects 
of rutin, are widely studied, with particular attention 
given to cancer research, where it is used mainly for its 
cancer-preventive and therapeutic properties. Chemo-
therapy drugs can cause serious side effects, so rutin can 
be considered a safe alternative. In addition to its signifi-
cant antioxidant effect in healthcare, it is also considered 
safe and cost-effective (Imani et  al., 2021). Combining 
routine chemotherapy drugs greatly improved the effec-
tiveness of treatment, reducing tumor progression (Liu 
et  al., 2024). Rutin, kaempferol, and kaempferol deriva-
tives were tested in combination against Escherichia coli 
and Salmonella enteritidis. The results revealed that the 
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flavonoids in the plant extract exhibited antibacterial and 
antibiofilm activity (Yarmolinsky et al., 2022).

Diabetic kidney disease (DKD) is a common and seri-
ous complication of diabetes, for which there is currently 
no complete cure. An 8-week animal study revealed 
that rutin significantly improved kidney function in 
mice, which may indicate that rutin is worthy of further 
investigation because of its potential kidney-protective 
effects and that the exact mechanisms of action need 
to be explored (Dong et  al., 2023). Preclinical stud-
ies have demonstrated that rutin has analgesic proper-
ties (Forouzanfar et al., 2025). This research highlighted 
that, although previous findings show promise regarding 
routine use, further studies are required to confirm their 
safety and therapeutic efficacy before they can be consid-
ered suitable for human application (Forouzanfar et  al., 
2025).

Quercetin‑3‑O‑glucoside (isoquercitrin)  Methanol leaf 
extract from Erica multiflora is highly effective in alle-
viating the symptoms of metabolic syndrome (MS) and 
quercetin-3-O-glucoside (Q3G) was found as one of 
the main active ingredients. In vivo studies showed that 
oral administration of this compound reduces obesity 
and cardiovascular disease, has a beneficial effect on the 
lipid profile, has anti-inflammatory effects, and enhances 
the activity of antioxidant enzymes (Khlifi et  al., 2020). 
The antitumor potential of Q3G was studied in an ani-
mal model of colon cancer, where it was shown that 
treated mice had approximately 65% fewer blood ves-
sels (reduced angiogenesis) than did the control group. 
These findings suggest that Q3G may contribute to the 
inhibition of tumor vascularization, which is one of the 
possible anticancer mechanisms (da Silva et  al., 2022). 
The effects of compounds found in blueberry leaves have 
been investigated in animal experiments, which revealed 
that a nanoemulsion rich in Q3G increased dopamine 
levels in the brains of mice in addition to promoting 
antioxidant activity in the liver and mitigating oxidative 
stress-induced damage in the brain, thus demonstrat-
ing an overall beneficial antiaging effect (Yu & Chen, 
2023). Q3G may also provide protection against non-
alcoholic fatty liver disease, as studies in mouse models 
have shown that Q3G treatment improved liver function, 
reduced inflammation, and decreased lipid accumulation 
(Jin et al., 2024). Q3G has shown remarkable cardiopro-
tective effects both in  vivo and in  vitro. It was demon-
strated to inhibit cardiomyocyte apoptosis by regulating 
the Phlpp1/AKT/Bcl-2 signaling pathway, thereby reduc-
ing changes in mitochondrial membrane permeability 
and the release of cytochrome C from the mitochondria, 
which are critical steps in the initiation of apoptotic pro-
cesses. Overall, these findings suggest that this compound 

may protect heart muscle cells by decreasing cellular 
damage (Wang et al., 2024). Q3G is a flavonoid that may 
help reduce nervous system damage. It has been shown to 
mitigate intracellular Ca2⁺ overload, thereby contributing 
to a reduction in neurodegenerative processes. Addition-
ally, it shows promise as a potential treatment for brain 
injuries (Guo et al., 2024). The effectiveness of Q3G was 
investigated in nasopharyngeal carcinoma patients, with 
the aim of identifying possible regulatory mechanisms. 
These results confirmed that Q3G significantly reduced 
the viability and proliferation of CNE1 and HNE1 cells in 
a concentration-dependent manner. This compound also 
markedly decreased the activity of inflammation-related 
molecules such as nuclear factor kappa B (NF-κB), AMP-
activated protein kinase (AMPK), and interleukin-1β (IL-
1β). In  vivo experiments have shown that Q3G reduces 
tumor growth and promotes lipid peroxidation as well as 
ferroptosis (Luo et al., 2024).

Kaempferol‑3‑O‑glucoside  Kaempferol-3-O-glucoside 
(K3G) has been studied in animal models of age-related 
cognitive decline and microglial inflammation. Oral 
administration of K3G to SAMP8 model mice revealed 
that this compound improved memory and learning 
functions and stimulated the expression of estrogen 
receptors. Furthermore, it reduced microglial activ-
ity and the expression of inflammatory markers. These 
results suggest that K3G may be a new therapeutic option 
for treating age-related cognitive impairments (Liu et al., 
2023). The consumption of Erica multiflora, whose meth-
anolic leaf extract contains K3G as one of its compounds, 
mitigated obesity, insulin resistance, and cardiovascular 
diseases (Khlifi et al., 2020).

Kaempferol 3‑O‑rutinoside  In vitro studies on Tet‑
rastigma hemsleyanum containing kaempferol-3-O-ruti-
noside (K3R) revealed a significant reduction in the via-
bility of lung adenocarcinoma cells compared with that 
of control cells. Thus, both K3R and THTF (Tetrastigma 
hemsleyanum total flavonoids) present potential thera-
peutic options for the prevention and treatment of lung 
cancer (Li et al., 2021a, b). Studies on K3R extracted from 
the leaves of Antidesma acidum Retz demonstrated that 
its application has a significant effect on glucose uptake. 
K3R increases glucose uptake in skeletal muscle L6 cells 
by inducing sirtuin-1 (SIRT1), which in turn stimulates 
GLUT4 translocation. Overall, this compound improves 
insulin sensitivity, which is particularly important for the 
treatment of type 2 diabetes mellitus (T2DM) (Kashyap 
et  al., 2023). K3R, which is isolated from the plant Tet‑
rastigma hemsleyanum, has significant antipyretic effects 
on a mouse fever model. K3R can be effectively isolated 
from the roots of plants, and at a concentration of 4 μM, 



Page 10 of 22Pál et al. Food Production, Processing and Nutrition            (2026) 8:13 

it reduces fever in mice more effectively than ibuprofen 
and acetaminophen do in these models (Zheng et  al., 
2024).

NON‑FLAVONOID POLYPHENOLS
Phenolic acids
Chlorogenic acid  Chlorogenic acids (CGAs) are a group 
of esters formed between hydroxycinnamic acids (such 
as caffeic, ferulic, and p-coumaric acids) and quinic acid. 
Neochlorogenic acid (nCGA, or 3-CQA) represents 
another important isoform. These compounds are also 
present in sour cherries (H. E. Blando & Oomah, 2019; 
Khoo et al., 2017).

The chlorogenic acid (CGA) is found having potential 
anticancer properties, and have significant role in the 
function of microsomal glucose-6-phosphate translocase 
(G6PT), since chlorogenic acid is an inhibitor of microso-
mal G6PT. The combined antitumor effects of G6PT and 
CGA are capable of regulating the intracellular signaling 
and invasiveness of glioma cells (Belkaid et al., 2006). The 
anxiolytic effect of CGA found in fruits has been demon-
strated in mouse model. A dose of 20 mg/kg body weight 
significantly reduced anxiety-related behaviors, suggest-
ing that it may help alleviate symptoms of depression. 
In addition to its anxiolytic effects, this compound also 
exhibits antioxidant properties by protecting blood gran-
ulocytes from damage caused by free radicals (Bouayed 
et al., 2007). The neuroprotective effect of CGA has also 
been confirmed, as it significantly improved cognitive 
impairment by inhibiting acetylcholinesterase activ-
ity and reducing oxidative stress. Therefore, CGAs may 
support cognitive functions and play a role in the treat-
ment of Alzheimer’s disease and other neurodegenerative 
disorders (Kwon et al., 2010). They compared decaffein-
ated coffees containing CGA with caffeinated coffees and 
reported that coffee with CGA improved the mood to 
a lesser extent (Cropley et  al., 2012). It has been shown 
that 400  mg of CGA (equivalent to two cups of coffee) 
in the short term reduces blood pressure, which may 
also indicate a cardioprotective effect (Mubarak et  al., 
2012). Phenolic compounds protective of the intestines 
was identified. A total of four phenolic acids were found-
CGA, 5-caffeoylquinic acid, protocatechuic acid, and caf-
feic acid-which may contribute to maintaining the health 
of the intestinal barrier. The most prominent effect was 
observed with CGA, as it increased transepithelial elec-
trical resistance (TEER) and reduced paracellular per-
meability while also stabilizing intestinal barrier func-
tion. Thus, these compounds may play important roles in 
maintaining intestinal homeostasis (Song et al., 2022).

Neochlorogenic acid  The anti-inflammatory effect of 
neochlorogenic acid (nCGA) has been investigated in 
several studies. Neochlorogenic acid inhibits lipopoly-
saccharide-induced inflammatory responses and strongly 
stimulates the gene expression of proteins regulated by 
Nrf2/ARE, such as NQO-1 and HO-1 (Park et al., 2018). 
A similar conclusion was reached in a study investigat-
ing the anti-inflammatory effect of nCGA extracted from 
mulberry leaves (Morus alba L.) in a cell line. nCGA 
shows promise as a natural anti-inflammatory agent for 
the treatment of acute pneumonia (Gao et al., 2020). The 
effect of nCGA was investigated in an asthmatic mouse 
model and in human airway epithelial cells (BEAS-2B), 
with a focus on markers of the inflammatory response 
and oxidative stress via molecular biology methods. 
Neochlorogenic acid reduced airway hyperresponsive-
ness, eosinophil infiltration, and goblet cell hyperplasia 
in the lungs of asthmatic mice. Additionally, it inhibited 
the expression of type 2 cytokines, mitigated oxidative 
stress, decreased monocyte adhesion to BEAS-2B cells, 
and decreased the production of inflammatory cytokines 
and reactive oxygen species. Neochlorogenic acid shows 
promise as a potential immunomodulator for the treat-
ment of asthma and allergic airway diseases (Cheng et al., 
2025).

The effects of neochlorogenic acid (3-CQA) on intracellu-
lar lipid accumulation and liver inflammation induced by 
oleic acid were investigated in vitro via cell culture. The 
actions of 3-CQA were evaluated through the regulation 
of miR-34a. Treatment with 3-CQA reduced oleic acid-
induced lipid accumulation. Additionally, it inhibited the 
expression of SREBP1, FASN, SREBP2, and HMG-CoA 
reductase, which are involved in lipid and cholesterol 
synthesis. The treatment also increased the expression of 
enzymes regulating fatty acid β-oxidation and suppressed 
miR-34a levels, leading to the activation of SIRT1 and 
AMPK. This contributed to the reduction in lipid accu-
mulation and alleviation of liver inflammation (Yu et al., 
2021). The effects of nCGA, the main active compound 
in mulberry leaf extract (MLE), on the proliferation and 
migration of vascular smooth muscle cells (VSMCs, A7r5 
cell line) cultured under diabetic conditions from the 
rat aorta were investigated. Cell migration was assessed 
via wound healing and Transwell assays, and signaling 
mechanisms were explored via molecular biology meth-
ods. Both MLE and nCGA significantly reduced VSMC 
proliferation and migration, which may help prevent ath-
erosclerosis. The treatment decreased the levels of PI3K, 
FAK, and small GTPase proteins, thereby inhibiting the 
Ras and FAK signaling pathways, which play key roles in 
increased cell growth and motility (Yang et al., 2022a, b). 
The effect of nCGA on mitochondrial calcium overload 
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mediated by the mitochondrial calcium uniporter (MCU) 
in cancer cells was investigated, with the aim of evaluat-
ing the impact of nCGA treatment on cellular calcium 
homeostasis and its potential anticancer mechanism. 
Neochlorogenic acid induced significant calcium over-
load in cancer cells, which may offer a novel therapeutic 
approach for cancer treatment. This mechanism provides 
a basis for the future application of MCU-targeted cal-
cium modulation in tumor therapies, opening new pos-
sibilities for cancer treatment (Li et al., 2021a, b).

Table  2 summarizes the health effects of compounds 
that also occur in sour cherry. The table presents the 
reported biological activities of these compounds based 
on findings from various plant sources, not exclusively 
from sour cherry.

Effects of storage and processing on the bioactive 
compounds in sour cherries and sour cherry products
The concentration of bioactive compounds in sour cher-
ries and their processed products can undergo signifi-
cant changes throughout storage and processing, which 
may influence the health benefits of the final product. 
The processing and storage conditions play crucial roles 
in determining the extent to which polyphenolic com-
pounds decrease. However, with respect to sour cherries, 
relatively few studies have attempted to quantify these 
effects.

Throughout the preparation of sour cherry nectar, sam-
ples were taken at every step of processing to evaluate 
changes in flavonoid and anthocyanin contents. The final 
product showed an approximately 38% loss of flavonoids, 
whereas the loss of anthocyanins was greater, reaching 
nearly 56% (Toydemir et al., 2013). Furthermore, a study 
examined the anthocyanin content of juices prepared 
from two Hungarian sour cherry varieties (Érdi bőtermő 
and Kántorjánosi 3), which were treated at 70, 80, and 
90  °C for varying durations. The total anthocyanin con-
tent decreased with increasing time and temperature in 
both varieties. Specifically, a 4-h heat treatment at 90 °C 
resulted in an approximately 38–45% reduction, whereas 
juices treated for the same duration at a lower temper-
ature (70  °C) showed only a 17–18% loss. In particular, 
the concentrations of the two major individual antho-
cyanins, C3GR and C3R, were significantly reduced dur-
ing heat treatment. For example, in Érdi bőtermő juice, 
C3GR decreased from 348  mg/L to 124  mg/L at 90  °C, 
while C3R decreased from 177 mg/L to 58.4 mg/L, high-
lighting how processing specifically affects individual 
bioactive compounds (Szalóki-Dorkó &  Végvári,  2015). 
When homemade sour cherry juice was subjected to 
heat treatment, including conventional heating (20 min), 
microwave treatment (22  min), and boiling (10  min), 
the greatest decrease in total monomeric anthocyanin 

content—a 53% reduction—was observed after conven-
tional heating. In contrast, the other two heat treatments 
resulted in much lower anthocyanin degradation, rang-
ing from 2–4% (Yıldız et  al., 2022). Additionally, when 
two sour cherry varieties (Oblačinska and Marasca) and 
their products made according to traditional recipes, 
including fruit juices, were analyzed for total polyphenol 
and anthocyanin contents, while the polyphenol content 
increased by 50–55%, a significant decrease of 38–46% 
in the anthocyanin content was detected (Kazazic et al., 
2022). In another study, the stability of anthocyanins dur-
ing the storage of syrups prepared from the Kütahya sour 
cherry variety was investigated. Over the 168-day storage 
period at 20 °C, the total anthocyanin content decreased 
by approximately 64% across all three types of syrup 
(sucrose, maltose syrup, and honey). However, when 
sour cherry nectar was sweetened with maltose syrup, 
the stabilities of C3GR and C3R increased by 8% and 4%, 
respectively, while the stability of C3G decreased by 11%, 
highlighting that the type of sugar can affect the stabil-
ity of individual anthocyanins during storage (Ertan et al., 
2018).

Jam quality is influenced by its recipe, processing meth-
ods, and storage conditions. In the process of jam prepa-
ration, a significant portion of polyphenolic compounds 
degrades. Even when jams are made from the same raw 
materials but with different combinations, the rate of 
phenolic compound degradation varies. After 8  months 
of storage, a 15–25% decrease in total polyphenol content 
can be expected, with the extent of this loss depending 
on the product’s composition: lighter jams show a greater 
reduction in polyphenol content. The composition also 
significantly affects the anthocyanin content, with lighter 
jams experiencing a much greater decrease-up to nearly 
90% (Vukoja et al., 2019).

An evaluation of total polyphenol and anthocyanin 
contents in jams made from four sour cherry cultivars 
(Balaton, Kroeker, Northstar, and Karneol) showed that 
total phenolic content decreased by 9% in Balaton and 
15% in Kroeker, while Northstar exhibited a minimal, 
non-significant increase of 1.7%. No phenolic content 
data were available for Karneol. In contrast, total antho-
cyanin content decreased substantially, by approximately 
75–79%, across all cultivars. In Balaton jam, analy-
sis of individual anthocyanins revealed that C3GR and 
C3R were the main components in fresh fruit, which 
decreased from 109.7 and 13.8 mg/100 g FW to 5.2 and 
1.1  mg/100  g FW in the jam, respectively, while C3G, 
peonidin 3-rutinoside, and the cyanidin derivative were 
nearly completely degraded (D. ‐O. Kim & Padilla‐Zak-
our, 2004). In a study conducted over two consecutive 
years, the effects of individual processing steps on poly-
phenolic compounds were analyzed. After blanching and 
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Table 2  Health effects of compounds that also occur in sour cherry

Compound group Subgroups/compounds Biological activities Reference

Flavonoids Anthocyanins
Cyanidin-3-O-glucoside Neuroprotective, anti-inflammatory, 

antioxidant, antioxidant & metabolism-
improving, antioxidant & cytoprotective, 
endometrial protection, antiestrogenic, 
neuroprotective, reproductive protective 
effect

(Wang et al., 2016)

(Ferrari et al., 2017)

(Gowd et al., 2019)

(Li et al., 2020)

(Rahman et al., 2021)

(Yang et al., 2022a, 2022b)

(Baek et al., 2023)

(Cai et al., 2023)

Cyanidin-3-O-rutinoside Chemoprotective, diabetes-preventive, 
cardiovascular-protective, anticancer, 
enhances insulin secretion, lipid-lowering, 
anti-inflammatory

(Feng et al., 2007)

(Adisakwattana et al., 2011)

(Thilavech et al., 2017)

(Fragoso et al., 2018)

(Kongthitilerd et al., 2022)

(Thilavech & Adisakwattana, 2019)

(Zhong et al., 2025)

(Brunetti et al., 2023)

Cyanidin-3-O-glucosylrutinoside Antioxidant, anti-inflammatory, NF-κB 
inhibitor

(Kirakosyan et al., 2015)

(Schlesinger et al., 2022)

Flavonols
Quercetin derivatives
Quercetin-3-O-rutinoside
(rutin)

Antioxidant, anticancer, lung-protective, 
antimicrobial, antibiofilm, anti-inflamma-
tory, regulating apoptosis, kidney-pro-
tective, alleviates diabetic complications, 
senomorphic agent, anticancer potential, 
analgesic

(Imani et al., 2021)

(Verma et al., 2022)

(Yarmolinsky et al., 2022)

(Dutta & Dahiya, 2023)

(Dong et al., 2023)

(Liu et al., 2024)

(Forouzanfar et al., 2025)

Quercetin-3-O-glucoside (isoquercetin) Mitigates metabolic syndrome, reduces 
vascularization, modulates VASH1 & VASH2, 
anticancer activity, anti-aging, neuro-
protection, anti-inflammatory, regulates 
intracellular Ca2⁺, liver protection, reduces 
insulin resistance, regulates lipid metabo-
lism, galectin-3 inhibition, cardioprotective, 
apoptosis inhibition, stabilizes mito-
chondrial membrane, regulates Phlpp1/
AKT/Bcl-2 signaling, induces ferroptosis, 
suppresses NF-κB & AMPK, inhibits tumor 
growth

(Khlifi et al., 2020)

(da Silva et al., 2022)

(Yu & Chen, 2023)

(Guo et al., 2024)

(Jin et al., 2024)

(Wang et al., 2024)

(Luo et al., 2024)

Kaempferol derivatives
Kaempferol-3-O-glucoside Improves metabolism and cognition (Khlifi et al., 2020)

(Liu et al., 2023)

Kaempferol-3-O-rutinoside Cytoskeleton collapse, mitochondrial dys-
function, apoptosis induction, anticancer 
effect, SIRT1 activation, increased glucose 
uptake, GLUT4 translocation, improved 
insulin sensitivity, antipyretic, accelerates 
IL-6 & TNF-α elimination

(Li et al., 2021a, 2021b)

(Kashyap et al., 2023)

(Zheng et al., 2024)
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chopping, the total phenolic content (TPC) decreased. 
However, following the addition of sugar and boiling, 
TPC increased due to water evaporation and product 
concentration. Compared to the fresh fruit, the final jam 
still showed a slightly lower TPC, approximately 14–16% 
lower (Băetu et al., 2016). A similar trend was observed 
in the total polyphenol content of jam made from Mont‑
gomery sour cherries during processing, where the value 
decreased by approximately 46%. The total anthocyanin 
loss was nearly 37% (Picariello et  al., 2017). Heat treat-
ment and other processing steps generally lead to a loss 
of polyphenols; however, in some cases, the relative 
concentration of polyphenols can increase during jam 
preparation. The increase in polyphenol content was also 
associated with higher added sugar levels and a decrease 
in water content. In jams made from Oblačinska and 
Maraskan sour cherry varieties, the total polyphenol 
content increased by approximately 7–30% compared 
with that of fresh fruit, whereas the total anthocyanin 
content significantly decreased by 59–67% (Kazazic et al., 
2022).

In sour cherry jams, further decreases in anthocyanin 
content were observed during 8 months of storage, both 
when the samples were stored in a refrigerator (+ 4  °C) 
and at room temperature (+ 20  °C). The decrease was 
proportional to the storage time. After 2 months, only an 
approximately 6% reduction was observed, whereas after 
8  months, the decrease reached 28%. Storage at room 
temperature resulted in an average anthocyanin loss of 
15.74%, whereas refrigerated storage resulted in a much 

lower decrease of only 6.91% (Koca & Ustun, 2009). After 
3 months of storage, the total polyphenol content in sour 
cherry jam decreased by 18%, whereas the anthocya-
nin content decreased by 22% compared with the value 
measured one day after processing (Poiana et al., 2011).

Liqueurs made from several fruit species were ana-
lyzed, including sour cherry.

The samples were stored for 3 and 6 months at 15  °C 
and 30  °C. The total polyphenol content decreased by 
36–55.8%, and the anthocyanin content decreased by 
62.94–94.3% in sour cherry liqueurs after 6  months. 
Before storage, the two main anthocyanins, C3GR and 
C3R, accounted for 62.2% and 25.6% of the total antho-
cyanin content, respectively. After storage at 30 °C, their 
relative contributions were 66.0% and 21.4%, indicating 
that C3GR, containing three sugar moieties, was more 
stable than C3R, which has two sugar units (Sokół-
Łętowska et al., 2014).

Sour cherry purees with different sweeteners—includ-
ing erythritol, sucrose, palm sugar, xylitol, Luo Han 
Kuo fruit, inulin, and steviol glycoside—were stored for 
6  months at 4  °C and 30  °C. Total polyphenol content 
ranged from 725.6 to 1179.6  mg/100  g DW, while total 
anthocyanins ranged from 97.6 to 149.8  mg/100  g DW. 
The results showed that polyphenol and anthocyanin lev-
els decreased during storage, with lower losses at 4 °C and 
higher losses at 30  °C, depending on the type of sweet-
ener. Analysis of individual anthocyanins in the sour 
cherry purees revealed six compounds, with C3GR, C3R, 
and cyanidin-3-O-sophoroside as the main components. 

Table 2  (continued)

Compound group Subgroups/compounds Biological activities Reference

Non-flavonoid polyphenols Phenolic acids

Hydroxycinnamic acids

Chlorogenic acid Anticancer, anxiolytic, antioxidant, cogni-
tive protection, mood improvement, blood 
pressure reduction, gut-protective

(Belkaid et al., 2006)

(Bouayed et al., 2007)

(Kwon et al., 2010)

(Cropley et al., 2012)

(Mubarak et al., 2012)

(Song et al., 2022)

Neochlorogenic acid Anti-inflammatory, AMPK/Nrf2 activator, 
reduces lipid accumulation, inhibits fatty 
acid & cholesterol synthesis, suppresses 
miR-34a, induces MCU-mediated calcium 
overload, prevents atherosclerosis, inhibits 
Ras/FAK, suppresses type 2 immune 
response, enhances HO-1 expression, 
improves oxidative stress

(Park et al., 2018)

(Gao et al., 2020)

(Yu et al., 2021)

(Li et al., 2021a, 2021b)

(Yang et al., 2022a, 2022b)

(Cheng et al., 2025)
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C3G and peonidin-3-O-rutinoside were also detected. 
Storage at 4 °C for 6 months did not affect the qualitative 
composition of the anthocyanin fractions. However, stor-
age at 30 °C led to complete loss of cyanidin-3-O-xylosyl-
rutinoside in all samples, and peonidin-3-O-rutinoside 
was lost in samples without added sweetener and with 
sucrose (Nowicka & Wojdyło, 2016).

The total anthocyanin content in the sour cherry 
liqueurs was 216.8–230.8 µg/ml. After 24 weeks of stor-
age, anthocyanin levels decreased significantly, reaching 
39–40% of the initial value in samples stored at 15 °C and 
6.5–6.9% at 30 °C. The total phenolic content was 1.15 mg 
GAE/ml before storage and, after 24  weeks, decreased 
slightly to 1.10–1.14  mg GAE/ml in sugar-free liqueurs, 
while it increased to 1.21–1.25  mg GAE/ml in sugar-
containing liqueurs. These results indicate that, although 
anthocyanins degraded rapidly during storage, flavonoids 
and other phenolic compounds remained relatively sta-
ble, and the presence of sugar may have contributed to 
an apparent increase in TPC due to the transformation of 
phenolic compounds (Sokół-Łętowska et al., 2018).

The anthocyanin content of freeze-dried sour cherries 
decreases during storage. The stability of anthocyanins 
in freeze-dried cherries stored under ambient condi-
tions is strongly influenced by the storage temperature. 
While storage at 4 °C resulted in a 30% decrease, storage 
at 37 °C led to complete degradation. This trend was also 
observed in spray-dried and stored products; however, 
even one year after drying at 4 °C, a 60–70% decrease was 
noted, whereas at 37 °C, approximately 10% of the antho-
cyanin content was still detectable. Lower storage tem-
peratures prolong shelf-life and better preserve color and 
sensory properties (Zorić et al., 2016, 2017).

In one study, fresh sour cherries and their freeze-dried 
counterparts were examined to evaluate the effects of 
lyophilization on bioactive compounds. The total phe-
nolic content (TPC) of fresh sour cherries was 1,150 mg 
GAE/100  g DW, while freeze-dried samples measured 
1,283  mg GAE/100  g DW; however, this increase was 
not statistically significant. Similarly, the flavonoid con-
tent showed no significant difference between fresh and 
freeze-dried cherries, indicating that lyophilization pre-
serves these compounds effectively (Topa et al., 2021).

In a recent study, pitted sour cherries (cv. Amarena del 
Rio) were treated with high-pressure processing (HPP, 
600 MPa, 3 min at 4 °C). Compared to the untreated con-
trol, the total polyphenol content slightly decreased from 
11.69 to 11.54 mg GAE/g, corresponding to a 1% reduc-
tion, which was not statistically significant. The total 
flavonoid content increased from 1.32 to 1.75 mg QE/g, 
representing a 32% increase over the control, which was 
statistically significant. Total anthocyanins decreased 
from 10.63 to 9.47 mg C3G/g, corresponding to an 10.9% 

reduction, which was not significant. These results indi-
cate that HPP preserves the major bioactive compounds 
in sour cherries, with minimal losses in polyphenols and 
anthocyanins and a significant increase in flavonoids 
compared to untreated fruit (Tenuta et al., 2023).

The pulsed electric field (PEF) treatments did not sig-
nificantly affect the total phenolic content (TPC) or total 
monomeric anthocyanin content (TMAC) of sour cherry 
juice, with TPC values ranging from 548.83 ± 59.65  mg 
GAE/L (0.0020  J/L) to 643.23 ± 60.17  mg GAE/L 
(0.0034  J/L), while TMAC values showed no significant 
change across the different PEF treatments. In addition, 
the initial cyanidin-3-O-sophoroside and C3G concen-
trations did not change significantly with the PEF treat-
ments. The C3GR concentrations decreased by only 
0.2–3.4%, while the C3R concentrations decreased by 
0.2–1.2%, indicating that the individual anthocyanins 
remained stable (Akdemir Evrendilek et al., 2020).

Fresh sour cherry juice was treated using a combined 
ACP-PEF system to reduce microbial load while preserv-
ing bioactive compounds. PEF was applied at 5–10  kV/
cm with 5–35 s pulse duration, followed by atmospheric 
cold plasma (ACP) treatment using 6–20 kHz frequency 
and 0–20  kV voltage. The treatment caused mini-
mal changes in total phenolic content (TPC decreased 
3–8%) and total monomeric anthocyanin content (TAC 
decreased up to 6%), significantly lower than the 16% 
anthocyanin loss observed during conventional thermal 
pasteurization (Jamali-Hafshejani et al., 2025).

Vacuum-dried sour cherry extracts were subjected 
to non-thermal ultrasound-assisted extraction (UAE) 
at temperatures between 40 and 80  °C, using ultrasonic 
power levels of 30–60 W/L. The total polyphenol content 
of the extracts ranged from 1.16 to 1.96  g GAE/100  g, 
showing that higher temperature and optimal liquid-to-
solid ratios enhanced polyphenol recovery. The total fla-
vonoid content varied between 0.60 and 0.87 g CE/100 g, 
with the highest values obtained at 60 °C and 40% ethanol 
concentration. The total monomeric anthocyanin con-
tent ranged from 9.80 to 30.17 mg C3G/100 g, reaching 
its maximum at 80  °C with 40% ethanol and a 10 mL/g 
liquid-to-solid ratio. Overall, temperature and solvent 
ratio were found to be the key factors influencing the 
extraction efficiency of bioactive compounds (Milić et al., 
2021). An osmotic dehydration (OD) study was con-
ducted on four types of sour cherries (cv. Turgieniewka) 
to evaluate changes in polyphenolic content and antioxi-
dant activity. The samples included frozen and thawed 
cherries, both with and without stones. Apple concen-
trate (40°Brix, 40  °C) was used as the osmotic solution 
at a fruit-to-solution ratio of 1:2, and the process lasted 
180  min. Results showed that OD led to a significant 
decrease in total polyphenols, particularly during the first 
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60 min. The greatest loss was observed in thawed with-
out stones (TW), with a 47.4% reduction relative to fresh 
fruit, while frozen with stones (FS) retained the highest 
polyphenol content, showing only a 16.9% decrease. In 
the combined OD-CD-VMD process, sour cherries were 
first subjected to osmotic dehydration (OD), followed 
by convective drying (CD) and final vacuum-microwave 
drying (VMD). CD uses warm air (50 °C) to partially dry 
the fruit, while VMD applies microwaves under vacuum 
to achieve final dehydration at lower temperatures, mini-
mizing heat damage. Polyphenol loss was minimal com-
pared with the OD-only process: the FS sample lost only 
16.96%, and (frozen without stone) FW 16.4%, whereas 
in the OD-only study the TW sample lost as much as 
47.4%. This shows that the combined method better pre-
serves polyphenols and antioxidant activity (Nowicka 
et  al., 2015). Nectar was produced from the “Kutahya” 

sour cherry variety. In the final nectar, total phenolics 
decreased by 64%, flavonoids by 39%, and anthocyanins 
by 55% compared to fresh fruit. In  vitro digestion indi-
cated that anthocyanins were fivefold more bioavailable 
in the nectar, likely due to the stabilizing effect of added 
sugar (Toydemir et  al., 2013). Spray-dried sour cherry 
juice concentrate was studied for the effects of inlet tem-
perature, feed rate, fruit content, and carrier type. Fruit 
content and carrier type significantly affected total phe-
nolic content, with gum arabic providing better protec-
tion than maltodextrin. Depending on the conditions, 
total phenolics decreased by approximately 12–20% (Can 
Karaca et al., 2016).

Tables  3 and 4 summarize the effects of storage and 
processing on different sour cherry cultivars and their 
derived products.

Table 3  Effects of storage and processing on the polyphenol content of sour cherries. Abbreviations: DW – dry weight; FW – fresh 
weight; GAE – gallic acid equivalents; C3G – cyanidin-3-O-glucoside

Storage/Processing Key points of the article Measured compounds Decrease (%) Reference

Storage Sour cherry jam stored for 8 months 
at room temperature (+ 20 °C) 
and in the fridge (+ 4 °C)

Total anthocyanin content (mg/kg) 5.79–28.20% (Koca & Ustun, 2009)

Thermal processing and storage time 
effect on low-sugar sour cherry jam

Total phenolics losses (%) 8.98–18.2% (Poiana et al., 2011)

Monomeric anthocyanin losses (%) 9.56–21.57%

Sour cherry liqueurs, stored for 3 
and 6 months
15 °C, 30 °C (sugar; without sugar)

Total phenolic content
(mg/100 ml FW)

36–55.8% (Sokół-Łętowska et al., 2014)

Total anthocyanin content
(mg C3G/100 ml FW)

62.94–94.3%

Freeze-dried sour cherry; two types 
of packaging, one with aluminum layer, 
storage 12 months, temperatures 4, 20, 
and 37 °C

Total anthocyanin content (mg/100 g 
DW)

4.23–100% (Zorić et al., 2016)

Spray-dried sour cherry powder; two 
types of packaging, one with aluminum 
layer, storage 12 months, temperatures 
4, 20, and 37 °C

Total anthocyanin content (mg/100 g 
DW)

5.49–90.18% (Zorić et al., 2017)

Concentrated sour cherry juice (−18 °C 
storage for 2 months), nectar storage: 
168 days at 20 °C

Total anthocyanin content (mg/L FW) 64% (Ertan et al., 2018)

Jam storage: 8 months at room tem-
perature; samples: (1) regular jam (2) 
extra jam (3) light jam

Total phenolic content (g GAE/kg) 14.84–25.74% (Vukoja et al., 2019)

Total monomeric anthocyanin content 
(mg C3G/kg)

77.48–87.4%

Total anthocyanins (mg C3G/100 g FW) 38.79–46.75%

Sour cherry puree (with palm sugar, 
erythritol, xylitol, inulin, steviol glyco-
side)
Duration: 6 months
4 °C and 30 °C

Total phenolic content
(mg/100 g DW)

4–39% (Nowicka & Wojdyło, 2016)

Total anthocyanins 7–54%

Sour cherry liqueurs: sugar-containing 
and sugar-free variants
Duration: 6 months (24 weeks)
15 °C and 30 °C

Total anthocyanins
(µg/ml FW)

6.5–40% (Sokół-Łętowska et al., 2018)

Total phenolic content
(mg GAE/ml FW)

1–4%
(+ 5 – 9%)
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Conclusion
Among the bioactive constituents of sour cherries, 
polyphenolic compounds are considered particularly 
important due to their abundance and diverse biological 
activities, with their levels showing considerable variabil-
ity depending on genetic, cultivation, and environmental 
factors. Flavonoids, particularly anthocyanins (notably 
cyanidin derivatives), constitute the largest proportion, 
determining the characteristic color of the fruit and con-
tributing substantially to its antioxidant capacity. Fla-
vonols – mainly quercetin and kaempferol derivatives 
– are present in smaller amounts, yet they play an impor-
tant role in the biological activity. Among the nonflavo-
noid polyphenols, chlorogenic and neochlorogenic acids 
are the most prominent.

The various polyphenolic compounds present in sour 
cherries may exert numerous beneficial physiological 
effects. It is important to note that the health-related 
effects discussed in this review, such as anti-inflamma-
tory, antioxidant, neuroprotective, and other activities, 
are not exclusively based on studies conducted with 
sour cherries, but also include findings from other plant 
sources containing similar compounds. This is partly due 
to the relatively limited number of animal and human 
studies on isolated polyphenols from sour cherries, 
resulting in a scarcity of clinical data directly assessing 
the effects of sour cherry consumption on human health.

Not only genetic and environmental factors, but also 
storage and processing methods fundamentally influence 
the polyphenolic composition and concentration in sour 
cherries. Thermal treatment, processing steps, and stor-
age conditions all contribute to a reduction in bioactive 
compound levels, which may affect the nutritional and 
health-promoting value of cherry-based products. Based 
on current knowledge, the polyphenolic profile of sour 
cherries is exceptionally rich, yet it is highly responsive to 
various external factors, which is a critical consideration 
for practical applications and industrial processing.

Several processing and storage methods have been 
shown to better preserve polyphenolic compounds in 
sour cherries and their products. Conventional heat 
treatments generally reduce polyphenol content, while 
non-thermal techniques, such as high-pressure process-
ing (HPP), pulsed electric fields (PEF), and atmospheric 
cold plasma (ACP), result in minimal. Freeze-drying 
(lyophilization) effectively maintain both total phenolics 
and anthocyanins, especially when stored at low tem-
peratures (4 °C), whereas storage at higher temperatures 
accelerates degradation. Ultrasound-assisted extrac-
tion (UAE), microwave-assisted extraction (MAE), and 
osmotic dehydration combined with convective and vac-
uum-microwave drying (OD-CD-VMD) improve poly-
phenol recovery and reduce heat-induced degradation. 

The addition of sugar during nectar or jam production 
can stabilize anthocyanins and increase the apparent 
concentration of polyphenols due to water evaporation 
and concentration effects. Overall, non-thermal or com-
bined processing methods, low-temperature storage, and 
sugar addition are effective strategies to maintain poly-
phenol content in sour cherry products.

Future research should prioritize the detailed inves-
tigation of the stability, bioavailability, and physiologi-
cal effects of polyphenolic compounds in sour cherries. 
While current evidence supports the potential health-
promoting effects of sour cherries, including antioxi-
dant, anti-inflammatory, and cardioprotective activities, 
a greater number of clinical studies specifically focusing 
on sour cherries are needed to more firmly establish their 
benefits in humans. Large-scale, well-designed human 
trials evaluating the effects of regular sour cherry con-
sumption on physiological outcomes are warranted. In 
addition, investigations into the impact of different pro-
cessing and storage methods are essential, as these fac-
tors critically influence the concentration of bioactive 
compounds and, consequently, the functional value of 
cherry-derived products. In future studies, the investiga-
tion of the bioavailability in vivo and in vitro human gas-
trointestinal digestion of sour cherries and their derived 
products (e.g., jams) could provide valuable insights into 
the metabolic fate and biological activity of their bioac-
tive compounds. Furthermore, in addition to processing 
technology, it would be worthwhile to investigate the 
effects of different additives on sour cherry products. For 
example, during enrichment with various amino acids 
or dietary fibers, it would be important to evaluate how 
these additives influence or preserve the high biological 
value of sour cherries.
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