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SUMMARY 
Research background. Dandelion flowers have a very short shelf life. The canning 

process is known not only to stabilise food and preserve its nutritional content at a high 
level, but also to significantly extend its shelf life. For this reason, canned dandelion 
flowers are believed to be beneficial for both consumers and the gastronomy sector.

Experimental approach. In this study, fresh dandelion (Taraxacum officinale L.) flow-
ers were canned using sucrose syrup with different (20 and 30) degrees of Brix (°Bx) as 
filling medium and stored at 25 °C for 30 days. A total of 56 phytochemicals were iden-
tified using liquid chromatography-tandem mass spectrometry (LC-MS/MS), while the 
in vitro antioxidant activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and cupric reducing 
antioxidant capacity (CUPRAC) and the total phenolic content (TPC) were analysed in 
both the canned flowers and the syrup at different storage times (on days 10, 20 and 
30).

Results and conclusions. The antioxidant activities of fresh dandelion flowers were 
89.6 % and 0.8 mmol Trolox equivalents (TE) per gram, respectively. The lowest DPPH 
(41.4 %) and CUPRAC expressed as TE (0.3 mmol/g) activities were observed on day 20 
in samples stored in the 30 °Bx syrup. The TPC in fresh flowers, expressed as gallic acid 
equivalents (GAE) per g of extract, was 367.4 mg/g. The highest TPC in canned flowers 
was determined on day 10 in the samples in syrup with both °Bx. LC-MS/MS analysis 
identified 24 phytochemicals in fresh flowers, including quinic acid, luteolin, siranoside, 
chlorogenic acid, fumaric acid, caffeic acid, protocatechuic acid, quercetin, cosmosiin, 
isoquercitrin and apigenin. A decrease in the polyphenol content of canned flowers was 
observed during storage. The results indicate that canning dandelion flowers in a 30 
°Bx syrup and storing them for 20 days preserved their phenolic content and antioxi-
dant capacity.

Novelty and scientific contribution. Numerous studies in the literature focus on ex-
tending the shelf life of fruit and vegetables by the canning method. However, this study 
fills a gap in the literature by successfully applying the canning technique to edible 
flowers for the first time. Furthermore, the results of this study contribute to future re-
search on the potential commercialisation of canned dandelion flowers as a food prod-
uct.

Keywords: dandelion flower; canned food; antioxidant activity; phytochemicals; LC-MS/MS

INTRODUCTION 
Since ancient times, edible flowers have traditionally been consumed as an alterna-

tive to medicines or as part of the culinary art. These flowers are highly valued for their 
ability to enrich dishes with aroma and vibrant colour and are used in different bever-
ages, salads, soups, sauces, cakes, purees, omelettes and desserts. In addition to their 
aesthetic appeal and pleasant aroma, edible flowers have health-promoting effects and 
a high nutritional value (1,2). Researchers have identified edible flowers as innovative 
natural sources of bioactive compounds (2,3). Consequently, scientific interest in the 
nutritional value and phytochemical profiles of edible flowers has steadily grown (3,4). 
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Phytochemicals such as phenolics and flavonoids have been 
reported to significantly reduce the risk of health problems, 
including cardiovascular diseases, obesity and cancer (4,5). 
Compared to fruit and vegetables, edible flowers contain 
higher concentrations of antioxidant compounds, such as vi-
tamin C, carotenoids, anthocyanins and polyphenols (6). In 
Europe, the pharmaceutical use of the edible plant dandelion 
(Taraxacum officinale L.) has a long history in traditional med-
icine. Dandelion flowers, in particular, are known for their 
cough-relieving and immune-boosting properties and are 
traditionally used in Central and Eastern Europe, particularly 
in countries like Croatia and Poland, to make a syrup called 
“honey” (7). Luteolin and its 7-O-glycoside, which are abun-
dant in dandelion flowers, inhibit the production of nitric 
oxide and prostaglandin E2 in macrophages stimulated by 
bacterial lipopolysaccharides. Furthermore, extracts from 
dandelion flowers have been shown to inhibit liposome oxi-
dation in vitro and protect against DNA damage caused by 
free peroxide (O2˙–) and hydroxyl (OH˙) radicals (8). In vivo 
studies have shown that dandelion flower extracts have a 
higher flavonoid content than other plant organs, which con-
tributes to stronger antioxidant properties (9,10). Processed 
edible flower products offer several advantages over fresh 
flowers. Processed products are safer to consume, as the high 
water content of fresh flowers can lead to rapid proliferation 
of microorganisms (11). Preservation techniques, such as pro-
cessing, can extend the shelf life of edible flowers while main-
taining their sensory properties over longer periods of time. 
Canning is a preservation method in which products are 
packed in hermetically sealed and sterilised containers, which 
preserves product quality for a long time (12). Combining a 
specific temperature and time, the canning process elimi-
nates food pathogens and inactivates enzymes responsible 
for quality deterioration during storage. As a result, the final 
products are stable at ambient temperature and have a long 
shelf life (13). In the food industry, many types of fruit and 
vegetables are preserved in cans or glass jars with suitable 
sucrose syrups or brines (14). Studies have shown that canned 
fruit has a nutritional value comparable to that of fresh fruit 
(15,16). However, concerns persist about the potential reduc-
tion of bioactive compounds in foods due to the type of pro-
cessing and extraction conditions (17). Ultrasonic technology 
is increasingly used in food processing, preservation and ex-
traction. This method offers energy efficiency, effective ex-
traction and protection for heat-sensitive compounds 
through the use of low temperatures (18,19). Edible flowers 
have a short shelf life and limited production time, which ne-
cessitates preservation technologies. Nevertheless, many 
preservation techniques for edible flowers have not yet been 
sufficiently explored (20). In this study, the canning technique 
was applied to fresh dandelion flowers for the first time. The 
flowers were canned using sucrose syrups with different de-
grees of Brix (20 and 30) as a filling medium and stored at 25 
°C for 30 days. The antioxidant activity, TPC, and 56 phyto-
chemicals identified by LC-MS/MS were analysed in samples 

collected on days 10, 20 and 30 of storage. The results showed 
the transfer of bioactive compounds from fresh dandelion 
flowers to the syrup and the quantitative changes in the flow-
ers during storage. 

MATERIALS AND METHODS

Plant material 

The dandelion (Taraxacum officinale L.) samples selected 
for this study were harvested from the traffic-free area of 
Yeşilova Village in Aksaray Province, Türkiye (38°24’37.7”N, 
33°51’18.7”E) in September 2023. Fresh samples were pre-
pared for analysis on the same day. The plant species was 
identified by Prof. Dr. Mehmet Fuat Gülhan from the Depart-
ment of Medicinal and Aromatic Plants at Aksaray University, 
Türkiye.

 

Preparation of canned flowers and storage conditions

The stems of fresh dandelion flowers were cut off imme-
diately before transportation to the laboratory. Fresh flowers 
were quickly analysed after being set aside as control sam-
ples. All materials used for the canning process were sterilised 
in an autoclave (MELAG 75+; MELAG, İstanbul, Türkiye) at 121 
°C and 1 Pa for 15 min. The canned dandelion flowers were 
prepared following the methods described in the studies on 
fruit preserves by Campbell and Padilla-Zakour (15) and 
Christofi et al. (16). Syrups used as filling media were prepared 
with sucrose to achieve 20 and 30 °Bx. Flowers weighing 250 
g were placed in glass jars, which were then gradually filled 
with 1.5 L of the syrup, making sure that there were no gaps 
(Fig. S1). The jars were sealed with lids and pasteurised at 97–
98 °C for 20 min. After pasteurisation, the jars were quckly 
cooled to room temperature under cold running water. The 
prepared flower preserves were stored in the dark at 25 °C for 
30 days. On the 10th, 20th and 30th day, samples of both the 
flowers and the syrup were collected for analysis of antioxi-
dant activity, TPC and phenolic content. The flower samples 
taken during storage were first blotted with blotting paper 
for a few min to absorb any excess syrup before analysis. 

 

Ultrasound-assisted extraction

The ultrasound-assisted extraction (UP400St ultrasonic 
processor; Hielscher, Teltow, Germany) was carried out under 
the following conditions: temperature 40 °C , frequency 40 
kHz, power 0.025 W/cm², duration 30 min, γ(raw material)=5 
g/100 mL and φ(EtOH)=64 %, as outlined by Wang et al. (21).

 

2,2-Diphenyl-1-picrylhydrazyl radical scavenging activity

The free radical scavenging capacity of the samples was 
determined using a modified version of the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) assay described by Brand-Wil-
liams et al. (22). In a 96-well microplate (Nunc™ MicroWell™ 
96-well microplates; Thermo Fisher Scientific, Saint-Herblain, 
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France), 20 µL of the diluted sample (0.5 mg/mL) were mixed 
with 180 µL of a 0.2 mM methanolic DPPH solution (Sig-
ma-Aldrich, Merck, St. Louis, MO, USA). The reaction mixture 
was incubated (INC 125 F digital Incubator; IKA, İstanbul, Tür-
kiye) at room temperature (15–20 °C) for 25 min, allowing the 
reaction to proceed. Absorbance was measured at 517 nm 
using the microplate reader (Thermo Scientific™ Multiskan™ 
GO microplate spectrophotometer; Thermo Fisher Scientific, 
Waltham, MA, USA). The absorbance values of the sample 
(Asample) and the blank (Ablank, without extract) were then re-
corded for analysis. DPPH inhibition was calculated as follows:

	 DPPH inhibition=((Ablank–Asample)/Ablank)·100	 /1/

 

Cupric reducing antioxidant capacity assay

For CUPRAC assay, 500 µL of CuCl2 solution (Sigma-Aldrich, 
Merck) and 500 µL of 1 M glycine solution (Sigma-Aldrich, 
Merck) (pH=7.0) were transferred into test tubes. Each tube 
was then supplemented with 500 µL of a neocuproin solution 
(7.5·10–3 M) (Sigma-Aldrich, Merck). After that, 100 µL of a ly-
ophilised extract solution (1 mg/mL) were added, followed 
by the addition of 550 µL of distilled water. For blank samples, 
the extract was replaced with distilled water. The mixtures 
were incubated for 30 min, both at room temperature and in 
a water bath maintained at 50 °C. The absorbance was meas-
ured at 450 nm relative to the blank, using ascorbic acid (Sig-
ma-Aldrich, Merck) as a standard reference (23).

 

Determination of total phenolic content

The TPC of the samples was assessed spectrophotomet-
rically (Thermo Scientific™ Multiskan™ GO microplate spec-
trophotometer). For analysis at 760 nm, a mixture was pre-
pared by combining 7.9 mL of distilled water, 0.5 mL of 

Folin-Ciocalteu reagent (Merck, Darmstadt, Germany) and 1.5 
mL of 20 % Na₂CO₃ solution (Merck). The resulting solution 
was incubated at 25 °C for 2 h. Triplicate measurements were 
carried out using gallic acid (Merck) as the reference standard 
and the phenolic content was expressed as GAE in mg/g (24).

 

LC-MS/MS instrumentation and chromatographic  
conditions

Tandem mass spectrometry and Nexera LC-40 XR UHPLC 
(Shimadzu, Kyoto, Japan) were used to identify phytochemi-
cals present in the samples. Total ion chromatograms (TICs) 
of standard phenolic compounds are shown in Fig. 1. The re-
versed-phase UPLC system consisted of LC-30AD model bi-
nary pumps, a DGU-20A3R model degasser, a CTO-10ASvp 
model column oven and a SIL-30AC model autosampler. For 
chromatographic separation, a reversed phase Agilent Poro-
shell 120 EC–C18 analytical column with 150 mm length, 2.1 
mm inner diameter and 2.7 µm particle size was used. The 
column temperature was fixed at 40 °C. The gradient elution 
was prepared using eluent A [(H2O with 5 mM NH4HCO2 
(Merck) and 0.1 % HCOOH (Merck)] and eluent B [(MeOH (Sig-
ma-Aldrich, Merck) with 5 mM NH4HCO2 (Merck) and 0.1 % 
HCOOH (Merck)]. The following parameters were used in a 
gradient elution profile: 20 % B (35–45 min), 100 % B (25–35 
min) and 20–100 % B (0–25 min).A volume of 5 μL was the in-
jection volume, and 0.5 mL/min was the solvent flow rate. The 
Shimadzu LCMS-8040 tandem mass spectrometer, which in-
cluded an electrospray ionization (ESI) source that could 
function in both positive and negative ionization modes, was 
used for mass spectrometric detection. LabSolutions soft-
ware (Shimadzu) was used to gather and analyse LC-MS/MS 
data. The multiple reaction monitoring, or MRM, approach 
was used to quantify the phytochemicals. The MRM approach 

Fig. 1. Total ion chromatogram (TIC) of standard phenolic compounds analysed by the LC-MS/MS: 1=quinic acid, 2=fumaric acid, 3=aconitic 
acid, 4=gallic acid, 5=epigallocatechin, 6=protocatechuic acid, 7=catechin, 8=gentisic acid, 9=chlorogenic acid, 10=protocatechuic aldehyde, 
11=tannic acid, 12=epigallocatechin gallate, 13=1,5-dicaffeoylquinic acid, 14=4-hydroxybenzoic acid, 15=epicatechin, 16=vanilic acid, 17=caf-
feic acid, 18=syringic acid, 19=vanillin, 20=syringic aldehyde, 21=daidzin, 22=epicatechin gallate, 23=piceid, 24=p-coumaric acid, 25=ferulic ac-
id-D3, 26=ferulic acid, 27=sinapic acid, 28=coumarin, 29=salicylic acid, 30=cynaroside, 31=miquelianin, 32=rutin, 33=rutin-D3, 34=isoquercitrin, 
35=hesperidin, 36=o-coumaric acid, 37=genistin, 38=rosmarinic acid, 39=ellagic acid, 40=cosmosiin, 41=quercitrin, 42=astragalin, 43=nicoti-
florin, 44=fisetin, 45=daidzein, 46=quercetin-D3, 47=quercetin, 48=naringenin, 49=hesperetin, 50=luteolin, 51=genistein, 52=kaempferol, 
53=apigenin, 54=amentoflavone, 55=chrysin, 56=acacetin

Fig. 1
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proved to be the most successful in identifying and quanti-
fying the phytochemical compounds according to the tests 
of various precursor-to-fragment ion transitions. For effective 
phytochemical fragmentation and maximal transfer of the 
intended product ions, the collision energies (CE) were tuned. 
The MS operated with the following parameters: desolvation 
line temperature of 250 °C, heat block temperature of 400 °C, 
interface temperature of 350 °C, drying gas (N2) flow rate of 
15 L/min and nebulizing gas (N2) flow rate of 3 L/min (25). 

 

Statistical analysis

Statistical analysis of the obtained data was carried out 
using Minitab v. 21.3 software (26). The results are shown as 
mean values (S.D.) derived from three independent experi-
ments (N≥3). Each sample in the study was replicated at least 
three times. Variability among the mean results was evaluat-
ed using ANOVA and Tukey’s multiple comparison test was 
used for the analysis of variance. Statistical significance was 
determined at p≤0.05. 

RESULTS AND DISCUSSION

Phytochemical composition

The therapeutic effects of dandelion flowers are attribut-
ed to numerous bioactive compounds (terpenes, flavonoids, 
phenolics, etc.) (27). The phytochemical composition of herb-
al preparations is influenced by factors such as the harvest 
period, environmental conditions and applied techniques 
(28). The stability of bioactive ingredients, which is critical for 
the shelf life and bioavailability of the food products to which 
they are added, is affected by their sensitivity to environmen-
tal conditions (oxygen, light, temperature and water) (29). In 
this study, for the first time, comprehensive and sensitive 
analyses of 56 phytochemicals in both fresh and canned dan-
delion flowers and their sucrose syrup as filling media were 
conducted using LC-MS/MS (Table 1). The analysis showed 
the presence of 24 phytochemicals in different amounts in 
the fresh flowers, including quercetin, cyranoside (luteo-
lin-7-O-glucoside), cosmosiin (apigenin-7-glucoside), chloro-
genic acid, quinic acid, fumaric acid, caffeic acid, luteolin, pro-
tocatechuic acid, isoquercitrin (quercetin-3-O-glucoside), 
p-coumaric acid, aconitic acid, protocatechuic aldehyde, api-
genin, vanillin, salicylic acid, 4-hydroxybenzoic acid, rutin 
(quercetin-3-O-rutinoside), rosmarinic acid, hesperetin, narin-
genin, hesperidin (hesperetin 7-rutinoside), acacetin and 
chrysin. The polyphenol content in dandelion plants has 
been reported to be higher in the flowers and leaves ((9.9±0.3) 
g polyphenols per 100 g dandelion extract) than in the roots 
((0.086±0.003) g polyphenols per 100 g dandelion extract) 
(30). Previous studies have identified various flavonoid glyco-
sides in fresh dandelion flowers, such as luteolin, chlorogenic 
acid, caffeic acid, luteolin-7-diglucoside and luteolin-7-O-glu-
coside (31,32), as well as chrysoeriol, monocaffeoyltartaric 

acid (33), ferulic acid, cichoric acid, 3,5-di-O-caffeoylquinic 
acid, caffeic acid ethyl ester, p-hydroxybenzoic acid, 4,5-di- 
-O-caffeoylquinic acid, 3,5-dihydroxybenzoic acid, gallic acid, 
p-coumaric acid, 3,4-dihydroxybenzoic acid and syringic acid 
(34). Furthermore, various flavonoid glycosides, such as 
quercetin-7-O-glucoside, isorhamnetin-3-O-glucoside, api-
genin-7-O-glucoside, and luteolin-7-O-rutinoside, have also 
been detected (33,35). When compared with other studies, 
this study is unique in that it identifies, for the first time, the 
presence of fumaric acid, quercetin, cosmosiin, isoquercitrin, 
p-coumaric acid, apigenin, 4-hydroxybenzoic acid, protocat-
echuic acid, aconitic acid, vanillin, salicylic acid, rutin, narin-
genin, hesperidin, rosmarinic acid, hesperetin, protocatechu-
ic aldehyde, chrysin and acacetin in fresh dandelion flowers. 
Changes in the content of biologically active components in 
plants can be influenced by factors including genotype, cli-
mate, soil characteristics, vegetative structure, harvest time 
and various technical practices (36). Recent studies have in-
dicated that thermal processing of fruit and vegetables leads 
to various chemical changes, which may alter the biological 
activities of phytochemicals (increase, decrease or stability). 
Therefore, it has been observed that heat-processed foods 
generally show different biological activities compared to 
their raw counterparts. The analysis of phenolic compounds 
showed that 11 of the 56 phenolic compounds were the most 
dominant in dandelion flowers. These phenolics were ranked 
in descending order based on their quantities expressed in 
mg per g of extract as follows: quinic acid 52.3, luteolin 29.5, 
cyranoside (luteolin-7-O-glucoside) 28.5, chlorogenic acid 
22.4, fumaric acid 15.6, caffeic acid 3.98, protocatechuic acid 
2.59, quercetin 2.15, cosmosiin 2.07, isoquercitrin 2.00 and api-
genin 1.99 (Table 1). The mass fraction of phenolic com-
pounds changed during storage of preserved flowers and 
syrup due to their different properties. Phytochemicals such 
as quinic acid, luteolin, luteolin-7-O-glucoside, chlorogenic 
acid, protocatechuic acid and apigenin were better preserved 
in flowers stored in 20 and 30 °Bx syrup for 10 and 20 days 
than for 30 days. These phytochemicals, especially in the 30 
°Bx syrup, were found at the highest mass fraction, particu-
larly on day 20. Furthermore, these compounds were also de-
tected in syrup, likely due to their high thermal stability and 
hydrophilic nature. Analysis indicated lower leakage of phe-
nolic compounds into the syrup on day 20, with this phenom-
enon being more pronounced in samples preserved in 30 °Bx 
syrup than those in 20 °Bx syrup. Based on the chromato-
graphic results, it can be concluded that phenolic com-
pounds were best preserved in dandelion flower preserves 
prepared with 30 °Bx syrup on day 20. On the other hand, 
phytochemicals such as caffeic acid, quercetin, cosmosiin, 
isoquercitrin, p-coumaric acid, 4-hydroxybenzoic acid, aco-
nitic acid, protocatechuic aldehyde, vanillin, salicylic acid, ru-
tin, hesperidin, rosmarinic acid, hesperetin, naringenin, chry-
sin and acacetin, despite their hydrophilic properties, were 
found in very low or undetectable amounts in preserved 
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flowers and syrup due to their moderate or low thermal  
stability. Fumaric acid, unlike other phytochemicals, has a hy-
drophobic nature. The amount of this compound consistently 
decreased during storage in cans with 20 and 30 °Bx syrup, 
and it is worth mentioning that it did not migrate into the syr-
up at all. Fig. 2 shows chromatograms of phytochemicals de-
tected in fresh flowers (Fig. 2a), canned dandelion flowers 
(Fig. 2b) and syrup as filling medium (Fig. 2c). The results of 
this study are consistent with those of Şengül-Binat and 

Kırca-Toklucu (37), who determined rutin, gallic acid, chloro-
genic acid syringic acid and epicatechin concentrations in 
canned fig samples and filling media during 12 months of 
storage at 25 °C. They found that the fig juice used in the can-
ning process leaked into the filling medium and resulted in a 
significant increase in the mass fractions on fresh mass basis 
of phenolic compounds, namely syringic acid, chlorogenic 
acid, rutin, epicatechin and gallic acid of 122.64, 22.82, 27.28, 
43.32 and 9.96 mg/100 g, respectively.

Fig. 2. LC-MS/MS chromatograms of: a) fresh dandelion flower, b) dandelion flower in 30 °Bx sucrose syrup on day 10 and c) syrup of 30 °Bx on day 20

Fig. 2c

Fig. 2b

Fig. 2
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Antioxidant activity and total phenolic content 

The DPPH test measures the ability of antioxidants in 
herbal preparations to neutralise free radicals, while the CU-
PRAC test evaluates their ability to reduce Cu²+ ions to Cu+ 
ions (expressed as Trolox equivalents). In both DPPH and CU-
PRAC analyses, the highest antioxidant activity was found in 
sample A (89.6 % and 0.8 mmol/g, respectively) (Table 2). The 
results closest to this value were observed in samples E (86.3 
% and 0.7 mmol/g), F (78.1 % and 0.7 mmol/g), B (74.9 % and 
0.6 mmol/g), and C (72.9 % and 0.6 mmol/g), respectively. 
DPPH and CUPRAC activities were significantly lower in the 
syrup than in the fresh and preserved flowers (p<0.05). The 
lowest DPPH (56.6 %) and CUPRAC (0.5 mmol/g) content was 
found in sample I, which was canned flowers in a 20 °Bx syr-
up. The lowest antioxidant activity measured by DPPH (41.5 
%) and CUPRAC (0.3 mmol/g) was found in 30 °Bx syrup 
(p<0.05). A proportional relationship was observed between 
the TPC and the antioxidant activity tests. The highest TPC, 
expressed as GAE, in sample A was 367.4 mg/g extract 
(p<0.05). During storage, these values were found to be low-
er in canned dandelion in both 20 and 30 °Bx syrups (Table 
2). The TPC in syrup was also lower than in the fresh and 
canned flowers. In particular, the lowest TPC was observed in 
sample I (20 °Bx, 205.4 mg/g) and sample L (30 °Bx, 171.8 mg/g 
extract) (p<0.05). From these results, it can be concluded that 
the antioxidant activity of canned flowers was maintained in 
20 and 30 °Bx sucrose syrups compared to fresh flowers for 
10 and 20 days, respectively, but decreased by day 30. The 
results also show that phenolic compounds with hydrophilic 
properties, which leach into the syrup, are present in different 
amounts. It is noteworthy that a lower transfer of phenolic 

compounds from canned flowers prepared with 30 °Bx syrup 
into the filling medium was observed than for those prepared 
with 20 °Bx. In fact, TPC was found to be lowest in the sam-
ples in the 30 °Bx filling medium on day 20 (p<0.05). These 
data indicate that at 30 °Bx, the phenolic compounds of 
canned flowers are better preserved and fewer are trans-
ferred into the syrup. Dedić et al. (38) prepared aqueous eth-
anol extracts of dandelion using many extraction methods, 
such as maceration at ambient and increased temperature, 
ultrasonic extraction, and Soxhlet extraction. They then ex-
amined the root, leaf, stem and floral components of the 
plant. The authors stated that the concentration of phenolic 
compounds was higher in the floral and foliar parts of the 
plant than in the root, with the maximum antioxidant activi-
ty detected in the aqueous ethanol extract obtained in Sox-
hlet extraction. Nowak et al. (39) extracted fresh and dried 
dandelion leaves, flowers and roots in an ultrasonic bath with 
ethanol volume fractions of 40, 70 and 96 %, and extraction 
periods of 15, 30 and 60 min. It was observed that raw mate-
rial, solvent and extraction time affected the antioxidant ac-
tivity of dandelions. Dried flower extracted for 30 min with 
70 % ethanol had the highest DPPH activity, while dried leaf 
extracted with 40 % ethanol had the highest FRAP reduction 
capability. Ivanov (27) reported that total phenolics, chicoric 
acid content, and antioxidant activity (DPPH, FRAP and CU-
PRAC) were increased in 50 % ethanol extracts of dandelion 
leaves. Miłek and Legath (40) extracted phenolic compounds 
from dandelion flowers and leaves by ultrasonic extraction 
with solvents (methanol, ethanol and acetone) at a volume 
fraction of 70 %. The maximum extraction of phenolics from 
leaves was achieved using acetone, followed by methanol 
and ethanol. The total phenolic content of the extracts of 
Taraxacum officinale was determined to be (362.14±6.76) µM. 
The parts of the plant used, the climatic conditions of the re-
gion where the plant is collected, the type, duration and tem-
perature of extraction, the polarity of the solvent, the solu-
bility of polyphenols, and their interactions with other 
compounds significantly affect antioxidant activity. Addition-
ally, the lipophilic/hydrophilic properties of plant compounds 
should be considered. Moreover, thermal processing condi-
tions can accelerate oxidation and other degenerative reac-
tions, leading to the loss of natural antioxidants. Considering 
these factors, the results of this study can differ from those of 
other studies. Several studies have investigated the antioxi-
dant effects of fresh dandelion flowers in both in vitro and in 
vivo media. In a study consistent with our findings, it was re-
ported that methanolic extract of dandelion flower had an 
inhibition rate of 95 % (41). Antioxidant compounds in dan-
delion flowers have been shown to inhibit DNA and liposome 
oxidation induced by peroxyl and hydroxyl radicals in vitro 
(42). Another study found that dandelion flowers were more 
effective than leaves in inhibiting plasma protein and lipid 
oxidation in vitro (9). The authors indicated that the reducing 
activity of dandelion flowers is equivalent to 40 % of ascorbic 
acid and the inhibitory activity of fresh flower extracts against 

Table 2. Evaluation of DPPH, CUPRAC and TPC of fresh and canned 
dandelion flowers and sucrose syrup as filling media

Sample DPPH 
inhibition/%

CUPRAC as  
b(TE)/(mmol/g)

TPC as  
w(GAE)/(mg/g)

A (89.6±0.66)a (0.8±0.2)a (367.4±0.8)a

B (74.9±0.5)b (0.6±0.2)c (321.6±0.7)b

C (72.9±0.5)b (0.6±0.1)c (289.1±0.6)c

D (63.5±0.4)c (0.57±0.09)c (248.1±0.5)d

E (86.3±0.5)a (0.7±0.2)b (353.6±0.8)a

F (78.1±0.5)b (0.7±0.2)b (320.9±0.6)b

G (69.3±0.4)c (0.6±0.1)c (302.0±0.6)c

H (64.0±0.4)c (0.6±0.1)d (281.8±0.5)c

I (56.6±0.3)d (0.48±0.08)e (205.4±0.4)d

J (60.1±0.3)d (0.6±0.1)d (215.6±0.4)d

K (48.2±0.2)e (0.4±0.1)e (194.8±0.3)e

L (41.5±0.2)f (0.3±0.1)f (171.8±0.2)f

M (58.7±0.3)d (0.56±0.07)c (232.3±0.4)d

DPPH=2,2-diphenyl-1-picrylhydrazyl, CUPRAC=cupric reducing 
antioxidant capacity, TPC=total phenolic content, TE=Trolox 
equivalent, GAE=gallic acid equivalent. Results are mean value±S.D. 
(N=3). Different letters in superscript within the same column show 
significant differences (p<0.05). Samples: A=fresh dandelion flower, 
B, C and D=dandelion flower in 20 °Bx syrup on day 10, 20 and 30. E, 
F and G=dandelion flower in 30 °Bx syrup on day 10, 20 and 30, H, I 
and J=20 °Bx syrup on day 10, 20 and 30, K, L and M=30 °Bx syrup on 
day 10, 20 and 30
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damage induced by reactive oxygen species and nitric oxide 
could be related to caffeic acid, chlorogenic acid, luteolin and 
luteolin-7-O-glucoside. Dandelion polyphenols have been 
shown to reduce the production of nitric oxide, prostaglan-
din E2, TNF-α and IL-1 in lipopolysaccharide-stimulated 
RAW264.7 cells. Additionally, luteolin and luteolin-7-O-gluco-
side from dandelion flower extracts have been shown to re-
duce the expression of both inducible nitric oxide synthase 
and cyclooxygenase 2 (43). According to a study by Burda and 
Oleszek (44), the hydroxyl radical-suppressing effect of dan-
delion flower extract could be partly due to the presence of 
phenolic components such as flavonoids and coumaric acid. 
Furthermore, the DPPH radical scavenging activity of dande-
lion flower extract has been associated with the presence of 
luteolin-7-glucoside. Hassan et al. (45) observed that long- 
-term use of dandelion flower extract (300 mg/kg body mass 
per day) in rats played a crucial role in combating oxidative 
stress. The study concluded that the flavonoids, phenolic ac-
ids and terpenoids found in fresh dandelion flowers, togeth-
er with other antioxidants, could protect the human body 
against the pathological effects of free radicals (31,32). There-
fore, it is suggested that the natural compounds found in 
dandelion have antioxidant, anticoagulant and anti-clotting 
activity, making them potentially useful in the prevention 
and treatment of commonly occurring cardiovascular diseas-
es. Many studies have indicated that canned foods contain 
similar amounts of certain nutrients to fresh or frozen foods. 
For example, more than 30 % of phenolic compounds in 
canned peach and apricot varieties diffused into the syrup 
(15). In addition, it has been reported that canned fruit and 
syrups have higher phenolic content after 6 months of stor-
age at 20 °C. Researchers have suggested that syrup con-
sumption or secondary use may be important to increase to-
tal phenolic intake from canned fruit. In the study by 
Chaovanalikit and Wrolstad (46), approx. 50 % of the phenol-
ic compounds in canned cherries were found to pass into the 
syrup. Asami et al. (47) observed that different storage peri-
ods may alter the quantity of phenolic compounds. In the 
study by Şengül-Binat and Kırca-Toklucu (37), TPC in the filling 
media of canned figs was analysed during canning and stor-
age. They observed an increase in the TPC of figs canned in 
juice and syrup immediately after canning, while a decrease 
in TPC was observed in the canned fig juice itself. In addition, 
6 and 12 months of storage resulted in a 25–35 % reduction 
in the TPC of canned figs. These results indicate that, al-
though storage leads to a gradual decline, the canning pro-
cess effectively preserves a considerable portion of the phe-
nolic compounds and antioxidant capacity of figs. However, 
antioxidant compounds can be oxidised and degraded due 
to thermal processing. Various factors, such as heating tem-
perature, duration and type, can influence the stability of 
these compounds. Phenolic compounds, being water-solu-
ble, may leach into their surroundings, particularly in fruit im-
mersed in syrup or filling medium (17). Thermal treatment can 
significantly affect the absorption of phenolic compounds by 

the body, resulting in a notable reduction in the chemical 
composition of foods, particularly phenolic compounds (48). 
This process is often linked to a substantial decrease in the 
antioxidant activity. Additionally, the storage itself can con-
tribute to a decrease in the TPC of food products (49). The 
cooking of plant products may break down cell wall compo-
nents and cause the release of molecules or leaching of wa-
ter-soluble polyphenols into the surrounding environment. 
Polyphenols can also degrade at increased temperatures (50). 
In contrast to our findings, Wang et al. (51) reported a signif-
icant increase in the antioxidant activity of canned lychee 
pulp following heat treatment at 121 °C. Similarly, Chen et al. 
(52) showed that high-pressure treatment and thermal pro-
cessing (121 °C, 3 min) increased bioactive compounds and 
total antioxidant activity in green asparagus juice. Yahya et 
al. (53) determined the TPC, expressed as GAE, of canned fruit 
to be 95.16 mg/100 g in pineapple, 47.69 mg/100 g in longan, 
51.80 mg/100 g in litchi, and 27.53 mg/100 g in rambutan. In 
particular, fruit in the form of syrup formhad higher TPC than 
canned fruit. The radical scavenging capacity, expressed as 
Trolox equivalent, of canned pineapple (41.79 μmol/100 g), 
rambutan (39.35 μmol/100 g), longan (41.67 μmol/100 g) and 
lychee (39.76 μmol/100 g) were determined using the DPPH 
assay. Interestingly, syrup samples had higher radical scav-
enging activity than canned fruit. Durst and Weaver (54) re-
ported that canned peaches had 1.5 times higher antioxidant 
activity than fresh peaches, with no significant decrease ob-
served after 3 months of storage. 

CONCLUSIONS
The study demonstrates an innovative approach to ex-

tend the short shelf life of dandelion flowers by canning while 
preserving their valuable phytochemical content and com-
pounds with antioxidant properties. This method offers a 
practical solution to extend the shelf life of dandelion flowers 
beyond their natural availability and make their health ben-
efits accessible all year round. In particular, the optimal con-
ditions for canned flowers were found to be 30 °Bx sucrose 
syrup for 20 days, providing important insights for producers 
and consumers. The results emphasise the superior preser-
vation ability of sucrose syrup, even though a decrease in an-
tioxidant activity is observed after 10 days. An important in-
novation is the recommendation to consume the flowers 
together with the filling medium to maximise the nutritional 
benefits. In addition, the study introduces the idea of explor-
ing alternative filling media, such as fruit juices, which could 
open up new ways to improve both the nutritional value and 
consumer appeal of preserved dandelion flowers. This re-
search not only provides practical guidelines for manufactur-
ers, but also contributes to the growing body of knowledge 
on the preservation of natural products rich in phytochemi-
cals, and emphasises its novelty and importance in the field 
of food science and nutrition. 



Food Technol. Biotechnol. 63 (3) 320–331 (2025)

329July-September 2025 | Vol. 63 | No. 3

FUNDING
Not applicable. 

CONFLICT OF INTEREST
The author declare no conflict of interest. 

SUPPLEMENTARY MATERIALS
Supplementary materials are available at: www.ftb.com.hr. 

AUTHORS’ CONTRIBUTIONS 
A. Gülhan and M. F. Gülhan contributed to the develop

ment of the initial idea and design of the research project, the 
organisation and management of the data in a structured and 
accessible manner, the conduct of the research (including 
data collection and necessary experiments), and the design 
and framework of the research methods. They ensured that 
appropriate procedures were followed throughout the study, 
and managed and coordinated the project. O. Çakır and M. 
A. Yılmaz contributed to formal data analysis, including sta
tistical tests and interpretation of the results, data processing 
and analysis, and were involved in writing, reviewing and ed-
iting the manuscript. C. Düşgün contributed to conducting 
the antioxidant analysis, including statistical tests and inter-
pretation of the results, and participated in the design and 
development of the methods. 

ORCID ID
A. Gülhan  https://orcid.org/0000-0002-3435-7767
M. F. Gülhan  http://orcid.org/0000-0003-4838-1597
O. Çakır  https://orcid.org/0000-0002-8006-2054 
C. Düşgün  https://orcid.org/0000-0003-2796-8356
M. A. Yılmaz  https://orcid.org/0000-0002-4090-7227 

REFERENCES
  1.	 de Morais JS, Sant’Ana AS, Dantas AM, Silva BS, Lima MS, 

Borges GC, Magnani M. Antioxidant activity and bioacces-
sibility of phenolic compounds in white, red, blue, purple, 
yellow and orange edible flowers through a simulated in-
testinal barrier. Food Res Int. 2020;131:109046. 
https://doi.org/10.1016/j.foodres.2020.109046

  2.	 Takahashi JA, Rezende FAGG, Moura MAF, Dominguete 
LCB, Sande D. Edible flowers: Bioactive profile and its po-
tential to be used in food development. Food Res Int. 2020; 
129:108868. 
https://doi.org/10.1016/j.foodres.2019.108868

  3.	 Lu B, Li M, Yin R. Phytochemical content, health benefits, 
and toxicology of common edible flowers: A review (2000–
2015). Crit Rev Food Sci Nutr. 2016;56(Suppl 1):S130–48.
https://doi.org/10.1080/10408398.2015.1078276

  4.	 Pinakin DJ, Kumar V, Suri S, Sharma R, Kaushal M. Nutraceu-
tical potential of tree flowers: A comprehensive review on 

biochemical profile, health benefits, and utilization. Food 
Res Int. 2020;127:108724. 
https://doi.org/10.1016/j.foodres.2019.108724

  5.	 Navarro-González I, González-Barrio R, García-Valverde V, 
Bautista-Ortín AB, Periago MJ. Nutritional composition and 
antioxidant capacity in edible flowers: Characterisation of 
phenolic compounds by HPLC-DAD-ESI/MSn. Int J Mol Sci. 
2015;16(1):805–22. 
https://doi.org/10.3390/ijms16010805 

  6.	 Mlcek J, Rop O. Fresh edible flowers of ornamental plants–A 
new source of nutraceutical foods. Trends Food Sci Tech-
nol. 2011;22(10):561–9. 
https://doi.org/ 10.1016/j.tifs.2011.04.006

  7.	 Pieroni A, Giusti ME, Münz H, Lenzarini C, Turković G, Turk-
ović A. Ethnobotanical knowledge of the Istro-Romanians 
of Žejane in Croatia. Fitoterapia. 2003;74(7–8):710–9. 
https://doi.org/10.1016/j.fitote.2003.06.002

  8.	 Hu C, Kitts DD. Dandelion (Taraxacum officinale) flower ex-
tract suppresses both reactive oxygen species and nitric 
oxide and prevents lipid oxidation in vitro. Phytomedicine. 
2005;12(8):588–97. 
https://doi.org/10.1016/j.phymed.2003.12.012

  9.	 Jędrejek D, Kontek B, Lis B, Stochmal A, Olas B. Evaluation 
of antioxidant activity of phenolic fractions from the leaves 
and petals of dandelion in human plasma treated with H2O2 
and H2O2/Fe. Chem Biol Interact. 2017;262:29–37. 
https://doi.org/10.1016/j.cbi.2016.12.003

10.	 Majewski M, Lis B, Juśkiewicz J, Ognik K, Borkowska-Sz-
tachańska M, Jedrejek D, et al. Phenolic fractions from dan-
delion leaves and petals as modulators of the antioxidant 
status and lipid profile in an in vivo study. Antioxidants. 
2020;9(2):131.
https://doi.org/10.3390/antiox9020131

11.	 Nicolau AI, Gostin AI. Safety of edible flowers. In: Prakash 
V, Martín-Belloso O, Keener L, Astley S, Braun S, McMahon 
H, Lelieveld H, editors. Regulating safety of traditional and 
ethnic foods. Cambridge, MA, USA: Elsevier; 2016. pp. 395–
419. 
https://doi.org/10.1016/B978-0-12-800605-4.00021-9 

12.	 Almeida C, Ceballos-Santos S, Laso J, Margallo M, Aldaco R, 
Marques A. Contribution of glass jar packaging to the en-
vironmental assessment of canned seafood products: Al-
bacore tuna (Thunnus alalunga) and Atlantic chub macker-
el (Scomber colias) as case studies. J Clean Prod. 2023;420: 
138366. 
https://doi.org/10.1016/j.jclepro.2023.138366

13.	 Gouvêa FJ, de Oliveira VS, Mariano BJ, Takenaka NAR, Ga
mallo OD, da Silva Ferreira M, Saldanha T. Natural antioxi-
dants as strategy to minimize the presence of lipid oxida-
tion products in canned fish: Research progress, current 
trends and future perspectives. Food Res Int. 2023; 173(Part 
1):113314. 
https://doi.org/10.1016/j.foodres.2023.113314

https://orcid.org/0000-0002-3435-7767
https://orcid.org/0000-0002-3435-7767
http://orcid.org/0000-0003-4838-1597
http://orcid.org/0000-0003-4838-1597
https://orcid.org/0000-0002-8006-2054
https://orcid.org/0000-0002-8006-2054
https://orcid.org/0000-0003-2796-8356
https://orcid.org/0000-0003-2796-8356
https://orcid.org/0000-0002-4090-7227
https://orcid.org/0000-0002-4090-7227
https://doi.org/10.1016/j.foodres.2020.109046
https://doi.org/10.1016/j.foodres.2019.108868
https://doi.org/10.1016/j.foodres.2019.108724
https://doi.org/10.1016/j.tifs.2011.04.006
https://doi.org/10.1016/j.phymed.2003.12.012
https://doi.org/10.3390/antiox9020131
https://doi.org/10.1016/j.jclepro.2023.138366
https://www.sciencedirect.com/journal/food-research-international
https://www.sciencedirect.com/journal/food-research-international/vol/173/part/P1
https://www.sciencedirect.com/journal/food-research-international/vol/173/part/P1
https://doi.org/10.1016/j.foodres.2023.113314


A. GÜLHAN et al.: Canned Dandelion Flowers

July-September 2025 | Vol. 63 | No. 3330

14.	 Cordioli M, Rinaldi M, Copelli G, Casoli P, Barbanti D. Com-
putational fluid dynamics (CFD) modelling and experimen-
tal validation of thermal processing of canned fruit salad in 
glass jar. J Food Eng. 2015;150:62–9. 

https://doi.org/10.1016/j.jfoodeng.2014.11.003

15.	 Campbell OE, Padilla-Zakour OI. Phenolic and carotenoid 
composition of canned peaches (Prunus persica) and apri-
cots (Prunus armeniaca) as affected by variety and peeling. 
Food Res Int. 2013;54(1):448–55.  

https://doi.org/10.1016/j.foodres.2013.07.016

16.	 Christofi M, Pavlou A, Lantzouraki DZ, Tsiaka T, Myrtsi E, 
Zoumpoulakis P, et al. Profiling carotenoid and phenolic 
compounds in fresh and canned fruit of peach cultivars: 
Impact of genotype and canning on their concentration. J 
Food Compos Anal. 2022;114;104734.

https://doi.org/10.1016/j.jfca.2022.104734

17.	 Rickman JC, Barrett DM, Bruhn CM. Nutritional comparison 
of fresh, frozen and canned fruits and vegetables. Part 1. 
Vitamins C and B and phenolic compounds. J Sci Food Ag-
ric. 2007;87(6):930–44. 

https://doi.org/10.1002/jsfa.2825

18.	 Chemat F, Huma ZE, Khan MK. Applications of ultrasound 
in food technology: Processing, preservation and extrac-
tion. Ultrason Sonochem. 2011;18(4): 813–835.  

https://doi.org/10.1016/j.ultsonch.2010.11.023

19.	 Esclapez MD, Garcia-Perez JV, Mulet A, Carcel JA. Ultra-
sound-assisted extraction of natural products. Food Eng 
Rev. 2011;3:108–20. 

https://doi.org/10.1007/s12393-011-9036-6

20.	 Fernandes L, Casal S, Pereira JA, Pereira EL, Saraiva JA, 
Ramalhosa E. Freezing of edible flowers: Effect on micro-
bial and antioxidant quality during storage. J Food Sci. 
2020;85(4):1151–9. 

https://doi.org/10.1111/1750-3841.15097

21.	 Wang J, Sun B, Cao Y, Tian Y, Li X. Optimisation of ultra-
sound-assisted extraction of phenolic compounds from 
wheat bran. Food Chem. 2008;106(2);804–10. 

https://doi.org/10.1016/j.foodchem.2007.06.062

22.	 Brand-Williams W, Cuvelier ME, Berset C. Use of a free rad-
ical method to evaluate antioxidant activity. LWT – Food 
Sci Technol. 1995;28(1):25–30.  

https://doi.org/10.1016/S0023-6438(95)80008-5

23.	 Apak R, Güçlü K, Özyürek M, Karademir SE, Erça E. The cu-
pric ion reducing antioxidant capacity and polyphenolic 
content of some herbal teas. Int J Food Sci Nutr. 2006;57(5–
6):292–304. 

https://doi.org/10.1080/09637480600798132

24.	 Singleton VL, Rossi JA. Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. Am J 
Enol Vitic. 1965;16:144–58.  

https://doi.org/10.5344/ajev.1965.16.3.144

25.	 Yilmaz MA. Simultaneous quantitative screening of 53 phy-
tochemicals in 33 species of medicinal and aromatic plants: 
A detailed, robust and comprehensive LC–MS/MS method 
validation. Ind Crops Prod. 2020;149:112347. 

https://doi.org/10.1016/j.indcrop.2020.112347

26.	 Minitab, v. 21.3, Minitab, Inc., State College, PA, United 
States (USA); 2000. Available from: https://www.minitab.
com. 

27.	 Georgiev Ivanov I. Polyphenols content and antioxidant 
activities of Taraxacum officinale F.H. Wigg (dandelion) 
leaves. Int J Pharmacog Phytochem Res. 2015;6(4):889–93.

28.	 Stewart-Wade SM, Neumann S, Collins LL, Boland GJ. The 
biology of Canadian weeds. 117. Taraxacum officinale G.H. 
Weber ex Wiggers. Can J Plant Sci. 2002;82(4):825–53. 

https://doi.org/10.4141/P01-010

29.	 Đorđević V, Balanč B, Belščak-Cvitanović A, Lević S, Trifković 
K, Kalušević A, et al. Trends in encapsulation technologies 
for delivery of food bioactive compounds. Food Eng Rev. 
2015;7(4):452–90. 

https://doi.org/10.1007/s12393-014-9106-7

30.	 Hagymási K, Blázovics A, Fehér J, Lugasi A, Kristó ST, Kéry 
Á. The in vitro effect of dandelions antioxidants on the  
microsomal lipid peroxidation. Phytother Res. 2000;14(1):   
43–4. 

https://doi.org/10.1002/(sici)1099-
1573(200002)14:1<43::aid-ptr522>3.3.co;2-h

31.	 González-Castejón M, Visioli F, Rodriguez-Casado A. Di-
verse biological activities of dandelion. Nutr Rev. 2012;70(9): 
534–47. 

https://doi.org/10.1111/j.1753-4887.2012.00509.x

32.	 Xue Y, Zhang S, Du M, Zhu MJ. Dandelion extract suppress-
es reactive oxidative species and inflammasome in intesti-
nal epithelial cells. J Funct Foods. 2017;29:10–8. 

https://doi.org/10.1016/j.jff.2016.11.032

33.	 Williams CA, Goldstone F, Greenham J. Flavonoids, cinnam-
ic acids and coumarins from the different tissues and me-
dicinal preparations of Taraxacum officinale. Phytochemis-
try. 1996;42(1):121–7. 

https://doi.org/10.1016/0031-9422(95)00865-9

34.	 Shi SY, Zhou CX, Xu Y, Tao QF, Bai H, Lu FS, et al. Studies on 
chemical constituents from herbs of Taraxacum mongoli-
cum. Zhongguo Zhong Yao Za Zhi. 2008;33(10):1147–57 (in 
Chinese).

35.	 Wolbis M, Królikowska M, Bednarek P. Polyphenolic com-
pounds in Taraxacum officinale. Acta Pol Pharm. 1993;50: 
153–9.

36.	 Marrelli M, Menichini F, Statti GA, Bonesi M, Duez P, Meni-
chini F, Conforti F. Changes in the phenolic and lipophilic 
composition, in the enzyme inhibition and antiproliferative 
activity of Ficus carica L. cultivar Dottato fruits during mat-
uration. Food Chem Toxicol. 2012;50(3–4):726–33. 

https://doi.org/10.1016/j.fct.2011.12.025

https://www.sciencedirect.com/journal/food-research-international
file:///V:/FTB/FTB-3-2025/text/%20https://doi.org/10.1016/j.foodres.2013.07.01
https://doi.org/10.1016/j.jfca.2022.104734
http://dx.doi.org/10.1002/jsfa.2825
file:///V:/FTB/FTB-3-2025/text/%20https://doi.org/10.1016/j.ultsonch.2010.11.023
https://doi.org/10.1007/s12393-011-9036-6
http://dx.doi.org/10.1111/1750-3841.15097
https://doi.org/10.1016/j.foodchem.2007.06.062
file:///V:/FTB/FTB-3-2025/text/%20https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://www.tandfonline.com/toc/iijf20/current
https://doi.org/10.1080/09637480600798132
file:///V:/FTB/FTB-3-2025/text/%20https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1016/j.indcrop.2020.112347
https://www.minitab.com
https://www.minitab.com
http://dx.doi.org/10.1007%2Fs12393-014-9106-7
https://pubmed.ncbi.nlm.nih.gov/?term=Lugasi+A&cauthor_id=10641047
https://pubmed.ncbi.nlm.nih.gov/?term=Krist%C3%B3+ST&cauthor_id=10641047
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%A9ry+A&cauthor_id=10641047
https://doi.org/10.1002/(sici)1099-1573(200002)14:1%3C43::aid-ptr522%3E3.3.co;2-h
https://doi.org/10.1002/(sici)1099-1573(200002)14:1%3C43::aid-ptr522%3E3.3.co;2-h
https://doi.org/10.1111/j.1753-4887.2012.00509.x
http://dx.doi.org/10.1016/j.jff.2016.11.032
https://doi.org/10.1016/0031-9422(95)00865-9
https://doi.org/10.1016/j.fct.2011.12.025


Food Technol. Biotechnol. 63 (3) 320–331 (2025)

331July-September 2025 | Vol. 63 | No. 3

37.	 Şengül-Binat H, Kırca-Toklucu A. Effect of peeling, filling 
medium, and storage on the antioxidant activity and 
phenolic compounds of canned figs (Ficus carica L.). Int 
Food Res J. 2023;30(6):1421–36. 
https://doi.org/10.47836/ifrj.30.6.06

38. Dedić S, Džaferović A, Jukić H. Chemical composition and 
antioxidant activity of water-ethanol extracts of dandelion 
(Taraxacum officinale). Food Health Dis. 2022;11(1):8–14.

39. Nowak A, Duchnik W, Zielonka-Brzezicka J, Muzykiewicz A, 
Florkowska K, Klimowicz A, et al. The antioxidant activity of 
ethanolic and aqueous extracts of dandelion (Taraxacum 
officinale L.). Pomeranian J Life Sci. 2019;65(4):83–8. 
https://doi.org/10.21164/pomjlifesci.639

40. Miłek, M, Legáth J. Total phenolic content and antioxidant 
properties of Taraxacum officinale extracts obtained with 
different solvents. Res J Chem Environ Sci. 2015;3(6):59–63.

41.	 Yasukawa K, Akihisa T, Oinuma H, Kasahara Y, Kimura Y, 
Yamanouchi S, et al. Inhibitory effect of di- and trihydroxy 
triterpenes from the flowers of compositae on 12-O-tetra-
decanoylphorbol-13-acetate-induced inflammation in 
mice. Biol Pharm Bull. 1996;19(10):1329–31. 
https://doi.org/10.1248/bpb.19.1329

42.	 Hu C, Kitts DD. Antioxidant, prooxidant, and cytotoxic ac-
tivities of solvent-fractionated dandelion (Taraxacum offic-
inale) flower extracts in vitro. J Agric Food Chem. 2003;51(1): 
301–10. 
https://doi.org/10.1021/jf0258858

43.	 Liu L, Xiong H, Ping J, Ju Y, Zhang X. Taraxacum officinale 
protects against lipopolysaccharide-induced acute lung 
injury in mice. J Ethnopharmacol. 2010;130(2):392–7. 
https://doi.org/10.1016/j.jep.2010.05.029

44.	 Burda S, Oleszek W. Antioxidant and antiradical activities 
of flavonoids. J Agric Food Chem. 2001;49(6):2774–9. 
https://doi.org/10.1021/jf001413m

45.	 Hassan HA, El-Kholy WM, Galal NA. Comparative protective 
effect of moringa and dandelion extracts against hepatic 
disorders and oxidative stress associated with prolonged 
use of brufen drug in rats. Egypt J Hosp Med. 2015;60:336–
46. 
https://doi.org/10.12816/0013792

46.	 Chaovanalikit A, Wrolstad RE. Total anthocyanins and total 
phenolics of fresh and processed cherries and their antiox-
idant properties. J Food Sci. 2004;69(1):67–72.  

https://doi.org/10.1111/j.1365-2621.2004.tb17858.x

47.	 Asami DK, Hong YJ, Barrett DM, Mitchell AE. Processing-in-
duced changes in total phenolics and procyanidins in 
clingstone peaches. J Sci Food Agric. 2003;83(1):56–63. 

https://doi.org/10.1002/jsfa.1275

48.	 Le Bourvellec C, Gouble B, Bureau S, Reling P, Bott R, 
Ribas-Agusti A, et al. Impact of canning and storage on 
apricot carotenoids and polyphenols. Food Chem. 2018; 
240:615–25. 

https://doi.org/10.1016/j.foodchem.2017.07.147

49.	 D’Archivio M, Filesi C, Varì R, Scazzocchio B, Masella R. Bio-
availability of the polyphenols: Status and controversies. 
Int J Mol Sci. 2010;11(4):1321–42. 

https://doi.org/10.3390/ijms11041321

50.	 van Boekel M, Fogliano V, Pellegrini N, Stanton C, Scholz G, 
Lalljie S, et al. A review on the beneficial aspects of food 
processing. Mol Nutr Food Res. 2010;54(9):1215–47. 

https://doi.org/10.1002/mnfr.200900608

51.	 Wang Z, Wu G, Shu B, Huang F, Dong L, Zhang R, Su D. Com-
parison of the phenolic profiles and physicochemical prop-
erties of different varieties of thermally processed canned 
lychee pulp. RSC Adv. 2020;10(12):6743–51. 

https://doi.org/10.1039/C9RA08393F

52.	 Chen X, Qin W, Ma L, Xu F, Jin P, Zheng Y. Effect of high pres-
sure processing and thermal treatment on physicochemi-
cal parameters, antioxidant activity and volatile com-
pounds of green asparagus juice. LWT – Food Sci Technol. 
2015;62(1);927–33. 

https://doi.org/10.1016/j.lwt.2014.10.068

53.	 Yahya HM, Roger WA, Haron H. Total phenolic content and 
antioxidant capacity of selected canned fruits. J Agric Sci. 
2017;9:13. 

https://doi.org/10.5539/jas.v9n13p96

54.	 Durst RW, Weaver GW. Nutritional content of fresh and 
canned peaches. J Sci Food Agric. 2013;93(3):593–603. 

https://doi.org/10.1002/jsfa.5849

https://doi.org/10.47836/ifrj.30.6.06
https://doi.org/10.21164/pomjlifesci.639
https://doi.org/10.1248/bpb.19.1329
https://doi.org/10.1021/jf0258858
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+X&cauthor_id=20510343
https://doi.org/10.1016/j.jep.2010.05.029
https://doi.org/10.1021/jf001413m
https://doi.org/10.12816/0013792
file:///E:\Users\mac\Downloads\.%20https:\doi.org\10.1111\j.1365-2621.2004.tb17858.x
http://dx.doi.org/10.1002/jsfa.1275
https://doi.org/10.1016/j.foodchem.2017.07.147
https://doi.org/10.3390%2Fijms11041321
https://pubmed.ncbi.nlm.nih.gov/?term=van+Boekel+M&cauthor_id=20725924
https://pubmed.ncbi.nlm.nih.gov/?term=Fogliano+V&cauthor_id=20725924
https://pubmed.ncbi.nlm.nih.gov/?term=Pellegrini+N&cauthor_id=20725924
https://pubmed.ncbi.nlm.nih.gov/?term=Stanton+C&cauthor_id=20725924
https://pubmed.ncbi.nlm.nih.gov/?term=Scholz+G&cauthor_id=20725924
https://pubmed.ncbi.nlm.nih.gov/?term=Lalljie+S&cauthor_id=20725924
https://doi.org/10.1002/mnfr.200900608
https://doi.org/10.1039/C9RA08393F
http://dx.doi.org/10.1016/j.lwt.2014.10.068
https://doi.org/10.5539/jas.v9n13p96
https://doi.org/10.1002/jsfa.5849

	_GoBack
	_Hlk206532829

