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ABSTRACT 
The aim of this study was to determine the antioxidant activity (DPPH method), total polyphenols, and phenolic acids (spectropho-

tometrically), as well as total dry matter, fat content, crude protein (Kjeldahl method), and ash content in cereal bars fortified with a 5 
% addition of edible flowers. The prepared products were also assessed through sensory evaluation using a 9-point hedonic scale, 
which considered overall appearance, aroma, taste, consistency, aftertaste, and overall acceptability. The following variants of cereal 
bars were prepared: a control variant (without added flowers), a variant with elderberry flowers (EF), a variant with lavender flowers 
(LF), a variant with calendula flowers (CF), and a variant with damascene rose flowers (RD). Antioxidant activity ranged from 3.15 
mg TEAC/g (RD) to 0.83 mg TEAC/g (ML; TEAC - Trolox equivalent antioxidant capacity). The total polyphenol content ranged from 
3.39 mg GAE/g (RD) to 0.91 mg GAE/g (LF; GAE - Gallic acid equivalent). The content of total phenolic acids was highest in the 
variant with elderberry flowers (11.80 mg CAE/g) and calendula (9.80 mg CAE/g; CAE - Caffeic acid equivalent). The values for total 
dry matter, fat, and crude protein did not change significantly, remaining at levels of 79 % (dry matter), 15 % (fat), and 12 % (crude 
protein) in the analyzed samples. The ash content increased with the addition of edible flowers, reaching its highest level in the variant 
with calendula flowers (2.02 %). The sensory evaluation of the prepared cereal bars indicated that the aroma and taste were charac-
teristic of the flowers, and the consistency was deemed satisfactory. The variant with damascene rose flowers was evaluated as the best 
among the additions. 
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REZIME 
Cilj ovog istraživanja bio je određivanje antioksidativne aktivnosti (DPPH metoda), ukupnih polifenola i fenolnih kiselina (spek-

trofotometrijski), kao i ukupne suve materije, sadržaja masti, sirovih proteina (Kjeldahlova metoda) i sadržaja pepela u žitaričnim 
barovima obogaćenim dodatkom 5 % jestivog cveća. Pripremljeni proizvodi ocenjivani su i senzornom ocenom pomoću hedonističke 
skale od 9 tačaka, koja je uzela u obzir celokupni izgled, aromu, okus, konzistenciju, retroukus i ukupnu prihvatljivost. Pripremljene su 
sledeće varijante žitaričnih barova: kontrolna varijanta (bez dodatog cveća), varijanta cveta bazge (EF), varijanta cveta lavande (LF), 
varijanta cveta nevena (CF) i varijanta ruže damasta (RD). Antioksidativna aktivnost se kretala od 3,15 mg TEAC/g (RD) do 0,83 mg 
TEAC/g (ML; TEAC - Trolox ekvivalentan antioksidativni kapacitet). Ukupni sadržaj polifenola kretao se od 3,39 mg GAE/g (RD) do 
0,91 mg GAE/g (LF; GAE - ekvivalent galne kiseline). Sadržaj ukupnih fenolnih kiselina bio je najveći u varijanti sa cvetovima bazge 
(11,80 mg CAE/g) i nevena (9,80 mg CAE/g; CAE - ekvivalent kafeinske kiseline). Vrednosti ukupne suve materije, masti i sirovih 
proteina nisu se značajno menjale, ostajući na nivoima od 79% (suva materija), 15% (mast) i 12% (sirov protein) u analiziranim 
uzorcima. Sadržaj pepela je povećan dodatkom jestivog cveća, dostigavši najviši nivo u varijanti sa cvetovima nevena (2,02%). Sen-
zorno ocenjivanje pripremljenih žitnih barova pokazalo je da su aroma i okus karakteristični za cveće, a konzistencija je ocenjena kao 
zadovoljavajuća. Varijanta sa cvjetovima damascenske ruže ocenjena je kao najbolja među dodacima. 

Ključne reči: alternativni izvori; antioksidansi; flavonoidi; polifenoli; utvrđenje. 
 

INTRODUCTION 
Edible flowers are emerging as a captivating trend in modern 

cuisine, meeting consumer demands for novel, visually appealing, 
and healthy products (Wilczyńska et al., 2021). Edible flowers can 
be categorized into four main types: vegetable, fruit, herb, and ar-
omatic flowers (Chen et al., 2020). Edible flowers provide health 
benefits due to their antioxidant content, aligning with the current 
focus on functional foods (Guiné et al., 2017). Biologically active 
compounds, including flavonoids, coumarins, and terpenoids, are 
primarily responsible for the pharmacological effects of lavender 
(Prusinowska and Śmigielski, 2014; Zhou et al., 2017). Although 
there are other phenolic acids (gallic, syringic, ferulic, caffeic, and 
chlorogenic), ferulic acid is the one found in high concentrations 

in lavender. Other phenolic chemicals, including rutin (Alasalvar 
and Yildirim, 2021), apigenin, luteolin, catechin, quercetin, and 
kaempferol, were also discovered to be present (Lim, 2014a). Ca-
lendula is well-known for its antibacterial, antifungal, anti-inflam-
matory, and antioxidant qualities (Escher et al., 2019; Kozlowska 
et al., 2019). Calendula contains a variety of phenolic acids, in-
cluding ferulic, ellagic, salicylic, gentisic, caffeic, syringic acid 
(Lim, 2014b), p-coumaric, chlorogenic, protocatechuic, and vanil-
lic (Escher et al., 2019).  Carotenoids, which give calendula its 
yellow and orange petals, are abundant in the plant (Sausserde, 
2014). The anthocyanin content ranged from 390 to 970 mg/100 
g of fresh weight, according to a study that examined 13 distinct 
elderberry cultivars (Młynarczyk et al., 2020). Elderberry fruits 
are abundant in phenolic acids (chlorogenic acid) (Ağalar, 2019), 
flavonols (quercetin, rutin, isorhamnetin), proanthocyanidins 
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(Cais-Sokolińska and Walkowiak-Tomczak, 2021), and anthocya-
nins (cyanidin-3-glucoside and cyanidin-3-sambubioside), which 
give the berries their color (Senica et al., 2016). Damascena rose 
contains organic acids (citric, malic), pectin, tannins, carotenoids, 
and vitamins C, A, B1, B2, B3, and K (Nayebi et al., 2017). Flavo-
noids, glycosides, terpenes, and anthocyanins are among the sev-
eral phytochemicals that have been extracted from roses (Nayebi 
et al., 2017). Important constituents are quercetin and kaempferol, 
which are responsible for pharmacological effects (Boskabady et 
al., 2011). Gallic, protocatechuic, pyrogallic, and p-hydroxyben-
zoic acids are examples of phenolic acids present (Liu et al., 
2020). Numerous studies have recently explored the incorporation 
of various plants into a range of food products, such as yogurt 
(Pires et al., 2018; Qiu et al., 2021), bread (Podgórska-Kryszczuk 
& Pankiewicz, 2023), cookies (Hnin et al., 2020), and chicken 
meat nuggets (Madane et al., 2019). These investigations indicate 
that the culinary role of flowers should extend beyond their tradi-
tional use as mere decorative elements. The safety concerns sur-
rounding certain artificial food additives have sparked discussions 
about their health risks. In contrast, natural colorants are consid-
ered safer, as they do not pose the same health risks as their arti-
ficial counterparts. Research on the color properties of yogurt en-
hanced with various flowers revealed that rose extract serves as 
an excellent natural substitute for E163 (anthocyanin extract) in 
yogurt coloring (Pires et al., 2018). Although many flowers may 
not be suitable for coloring due to their pigmentation, they still 
possess significant potential. For example, Madane et al. (2019) 
demonstrated that incorporating Moringa flowers (which are 
white) into chicken meat nuggets can enhance their quality and 
minimize lipid peroxidation during cooking. Additionally, Loizzo 
et al. (2015) examined the antioxidant and hypoglycemic proper-
ties of various edible flowers, finding that Sambucus nigra flower 
extract shows strong antioxidant activity, while Malus sylvestris 
exhibits promising hypoglycemic effects compared to the com-
mercial medication acarbose. 

Cereal bars align with current trends and are crafted from a 
blend of grains that offer a sweet and enjoyable flavor. They pro-
vide essential vitamins, minerals, fiber, protein, and complex car-
bohydrates. These products incorporate diverse ingredients and 
target different consumer groups interested in maintaining a 
healthy lifestyle (Palazzolo,2003). Their appealing sensory qual-
ities, combined with their growing interest in health benefits, have 
facilitated the creation of cereal bars that include innovative food 
components, which are both nutritious and functional (Ak et al., 
2020). 

The main aim of this study was to evaluate the nutritional, an-
tioxidant, and sensory characteristics of cereal bars enriched with 
edible flowers: lavender (Lavandula angustifolia L.), calendula 
(Calendula officinalis L.), elderberry (Sambuscus nigra L.) and 
damascene rose (Rosa damascena L.). 

MATERIAL AND METHOD 
The raw materials used to produce cereal bars (oatmeal, hemp 

seeds, dried raisins, butter, and honey) were purchased from a lo-
cal market in Slovakia. Samples of edible flowers used in the pro-
duction of the cereal bars were collected during their flowering 
period from the locality of locality Michalovce, Slovakia at an al-
titude of 114 meters above sea level. The drying process of the 
flowers took place at room temperature without direct sunlight. In 
the period between drying and the analyses carried out the sam-
ples were stored in paper and cloth bags, which were kept free 
from access to sunlight. Before the application to biscuits the me-

dicinal herbs were milled into powder (Sencor Scg 1050wh, Ja-
pan). All used chemicals were analytical grade and purchased 
from CentralChem (Bratislava, Slovakia). 

Preparation of cereal bars 
To prepare the cereal bars, fine oatmeal, dried raisins, hemp 

seeds, honey, butter, water, and edible flowers were mixed and 
homogenized. Each variant of cereal bar was prepared separatory 
(control, sample with elderberry, sample with lavender, sample 
with rose, and sample with marigold) The mixture was placed 
over a wax paper, manually pressed, and wrapped in foil. There-
after, the mixture was cooled for 15 min to acquire a firm con-
sistency, characteristic of cereal bars, being cut with a thickness 
of approximately 2.0 cm and length of 10 cm. The cereal bars 
were wrapped in aluminum foil, placed in a plastic container, and 
stored at room temperature (18 °C) until analyses were carried 
out.  

Preparation of extracts for the determination of antiox-
idant characteristics 

On a shaker (GFL 3005, Germany), 0.25 g of the homoge-
nized material was extracted in 20 ml of 80 % ethanol for two 
hours at room temperature. The extract was then filtered (What-
man n.1) and utilized to test the phenolic acids, total polyphenols, 
and DPPH. 

Determination of antioxidant activity by the DPPH 
method 

The amount of DPPH radical scavenged was determined ac-
cording to the method described by (SánchezMoreno et al., 1998). 
For the determination, 2 ml of DPPH- radical (Sigma Aldrich, GE; 
0.025 g was dissolved in 100 ml of ethanol and subsequently di-
luted as needed) and 0.5 ml of sample were pipetted into a cuvette. 
The mixture was stirred and placed in the dark for 10 min, after 
which the decrease in absorbance was monitored on a spectropho-
tometer (Jenway 6405 UV/Vis, UK) at 515 nm. The analyses were 
carried out in triplicate. The antioxidant activity was expressed 
based on the Trolox equivalent antioxidant capacity (TEAC) cal-
ibration curve in mg/g sample (R2=0.9829). 

Determination of total polyphenols 
The method with the Folin-Ciocalteu reagent (Singleton and 

Rossi, 1965) was used for the determination of total polyphenols. 
For one determination, 0.2 ml of sample, 0.2 ml of the Folin-Cio-
calteu reagent and 2 ml of 20 % Na2CO3 were pipetted into a tube, 
the mixture was then placed in a centrifuge (Neofuge VS - 100 
BN, USA, 10 000 g, 10 minutes). In this prepared mixture, the 
absorbance was determined at 700 nm (Jenway, 6405 UV/Vis, 
UK). The analyses were repeated three times. The total polyphe-
nol content was expressed as gallic acid equivalent (GAE) (R2 = 
0.9989) in mg/g of the sample. 

Determination of total phenolic acids 
The spectrophotometric method according to Pharmacopeia 

Polska, (1999) is used for the determination of phenolic acid con-
tent. For the analysis of phenolic acids, 0.5 ml of extract, 0.5 ml 
of 0.5 M HCl, 0.5 ml of Arn's reagent (10 % NaNO2 + 10 % 
Na2MoO4), 0.5 ml of 1 M NaOH and 0.5 ml of distilled H2O were 
pipetted into the tube. The absorbance of the reaction mixture was 
measured at 490 nm. The phenolic acid content was expressed as 
caffeic acid equivalent (CAE) in mg/g (R2=0.9996). 

Determination of dry matter content 
For the determination, 5 g of the sample was weighed on an 

analytical laboratory balance into aluminum trays, so-called des-
iccators with lids (the weight of the empty desiccator was noted 
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before the measurement). The samples were dried in a drying 
oven at 130 ± 2˚C for 60 minutes (WTB, Binder, Germany). After 
drying, they were allowed to cool in the desiccator and then their 
weight was determined (Muchová and Frančáková, 1992). 

The dry weight was expressed according to the following for-
mula: 

DM [%] = weight of sample after drying − weight of empty dish x 100 
weight (sample weight)

 

Determination of total fat 
The fat content of each sample was determined using a Fat 

Extractor - AncomXT15 (ANKOM Technology, New York, 
USA), using the methodology given by the manufacturer. Petro-
leum ether was used as the extraction reagent. From each sample, 
1 g was weighed into special bags (filter bag XT4) and then sealed 
using a melter. The sample bags were dried in a drying oven 
(WTB, Binder, Germany) at 105 °C for 3 h, after which time they 
were placed in a desiccator to cool, and their weight was deter-
mined. They were then placed in the apparatus where the extrac-
tion was carried out with petroleum ether at 90°C for 45 min. Af-
ter extraction, the bags were again dried in a drying oven (WTB, 
Binder, Germany) at 105 °C for 30 minutes, then placed in the 
desiccator and weighed. The % fat content was determined ac-
cording to the following formula: 

T [%] =  100 x (W2− W3)
𝑊𝑊1

 
W1 - weight of the sample 
W2 - weight of the sample bag after drying 
W3 - weight of the sample bag after extraction and drying 

Determination of total crude protein (CP) by Kjeldahl 
method 

The nitrogen content of the sample was mineralized in con-
centrated sulphury acid in the presence of a catalyst (potassium 
sulphate: copper sulphate, 10:1) in a Turbotherm apparatus (Ger-
hardt, Germany). In this way, the organically fixed nitrogen is 
converted to ammonium sulfate during combustion. Mineralize 1 
g of the sample with 20 ml of concentrated sulfuric acid for about 
1 hour at 400 ˚ C until the contents are clear. After the sample has 
cooled, the mineralization tubes are transferred to a Vapodest dis-
tillation apparatus where the acid solution is diluted with water 
before being alkalinized by the addition of 33 % sodium hydrox-
ide. The addition of concentrated hydroxide in excess releases the 
ammonia by steam distillation and traps it in a 2% boric acid so-
lution to form ammonium borate. On completion of distillation, 
Tashir indicator is added and titrated with 0,1 N (0.05 M) sul-
phuric acid to a color change from green to violet. Consumption 
is fed into the formula for calculating % nitrogen. When a blank 
analysis (mineralization and distillation) is determined, the chem-
icals just used are analyzed. The consumption of these chemicals 
is considered in the calculation of the nitrogen content (Muchová 
and Frančáková, 1992). 

The calculation of % nitrogen content is determined according 
to the formula: 

% N = 1,4007 x c x (s − b ) x 2 
w

 
c - concentration of sulphuric acid solution (0.05 M)  
s - consumption of sulphuric acid solution in ml (sample) 
b - consumption of sulphuric acid solution in ml (blank = 0.2 

ml) 
w - sample weight 
Then was calculate the % of crude protein according to the 

relation: 
% CP = % N x 6,25 
6.25 = conversion factor 

Determination of ash content 
Exactly 3 g of the sample was weighed on an analytical bal-

ance into the pre-annealed and after cooling weighed crucible. 
The sample was first carefully charred on the edge of a hot electric 
hotplate and allowed to burn freely with the flame. After the flame 
was extinguished, the crucibles were placed inside the muffle 
oven (KSL-1000X, USA). The furnace was closed, and the sam-
ples were allowed to burn at 900 ˚°C until all the organic fraction 
was burned. The ash should be uniformly light, with no black car-
bonaceous residue, which in our case took about 4 hours. Once 
the crucibles were completely burnt, they were removed from the 
kiln, placed in a desiccator where they were allowed to cool to a 
temperature of 18-20 ˚°C and then the weight was determined. 
The determination was done in two repetitions (Muchová and 
Frančáková, 1992). 

The ash content in % was calculated according to the follow-
ing formula: 

A [%] = weight of crucible with ash − weight of empty crucible x 100 
weight of sample

  
The results were converted to 100% dry matter. 

Sensory evaluation of cereal bars with the addition of 
edible flowers 

A sensory panel of 30 panelists – 15 women and 15 men, aged 
22 to 65 – determined the organoleptic properties of cereal bars. 
The panelists were asked to assess the overall acceptance, taste, 
smell, and overall appearance, aftertaste.  A 9-point hedonic scale 
was used to rate the samples, with values ranging from 9 (like very 
much) to 1 (strongly dislike). 

Statistical analysis 
All experiments were carried out in triplicate and the mean of 

replicates was reported together with standard deviation. The ex-
perimental data were subjected to analysis of variance (Duncan’s 
test) at the significance level of 0.05. Statistic calculations were 
performed using SAS (2009) software. 

RESULTS AND DISCUSSION  
Antioxidant activity by DPPH method 
Edible flowers are increasingly attractive to consumers. In ad-

dition to enhancing the sensory properties and aesthetic value of 
food (Fernandes et al., 2017a), many studies have found them to 
be an excellent source of bioactive compounds. These compounds 
by their properties have beneficial effects on health (Kumari et 
al., 2021). They exhibit antioxidant activity (Zheng et al., 2021), 
and antimicrobial and anti-inflammatory properties (Pires et al., 
2017a; Pires et al., 2019b; Chen et al., 2020c). 

The antioxidant activity of the samples tested reveals a signif-
icant range, with values spanning from 0.834 to 3.15 mg TEAC/g 
(Tab. 1). The highest antioxidant activity was found in the rose-
added bar, measuring 3.15 mg TEAC/g. This finding aligns with 
the research of Kashefi et al. (2010), which indicates that dama-
scena rose has strong antioxidant properties, effectively scaveng-
ing free radicals (Boskabady et al., 2011). The second-highest an-
tioxidant activity was observed in the lavender-added sample, 
which recorded a value of 2.02 mg TEAC/g. In contrast, calendula 
exhibited weaker antioxidant activity, consistent with the findings 
of Benvenuti et al. (2016), who noted lower antioxidant values for 
calendula flowers. The control sample showed the lowest antiox-
idant activity in the study. Furthermore, Młynarczyk et al. (2018, 
2020) demonstrated that elderberry flowers have a greater antiox-
idant capacity compared to their fruits, with values ranging from 
0.304 to 0.444 mg TEAC/g dry weight. Awika et al. (2003) sug-
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gested a strong correlation between phenolic compounds and an-
tioxidant activity. In support of this, Shantamma et al. (2021) em-
phasized the high antioxidant potential of flowers relative to fruits 
and vegetables. According to Chen and Wei (2017b), the antioxi-
dant properties of edible flowers may play a role in providing anti-
inflammatory, anti-cancer, and antimutagenic benefits. The ele-
vated antioxidant activity observed in our results could also be 
attributed to the inclusion of dried raisins, which are known for 
their high antioxidant content (Chen et al., 2022a; Fernandes et 
al., 2018b). Additionally, previous studies by Alonso-Estaban et 
al. (2022) and Ilia et al. (2021) highlighted the significant antiox-
idant content found in hemp seeds and honey, further supporting 
the overall findings regarding antioxidant activity in these sam-
ples. 

Table 1. Results of antioxidant activity in tested samples 

Sample Antioxidant activity 
[mg TEAC/g] 

Cereal bar with elderberry flower 1.67 ±0.13c 
Cereal bar with calendula 1.30 ±0.12d 
Cereal bar with damascene rose 3.15 ±0.11a 
Cereal bar with lavender 2.02 ±0.14b 
Control bar 0.83 ± 0.01e 

TEAC – Trolox equivalent antioxidant capacity; mean ±stand-
ard deviation; different letters in a column denote mean values 
that statistically differ one from another 

Total polyphenols 
Polyphenols are bioactive compounds found in various natural 

products, particularly within the flavonoid group. They are known 
for their antioxidant properties and potential health benefits. The 
quantification of polyphenolic content in plant products is com-
monly performed using a colorimetric method, with the Folin-Ci-
ocalteu reagent being the most widely used. This method relies on 
the reaction between phenolic compounds and the reagent to pro-
duce a measurable color change, which correlates with the amount 
of phenolics present (Ramirez-Sanchez et al., 2010). In a recent 
evaluation, the highest polyphenol content was identified in a bar 
supplemented with damascene rose achieving a concentration of 
3.39 mg GAE/g on a dry weight (Tab. 2). Additionally, research 
by Dina et al. (2021) found that rose extracts, derived from waste 
in essential oil production, exhibited a significant polyphenol con-
tent of 260 mg GAE/g. In contrast, a bar enriched with elderberry 
showed a polyphenol concentration of 1.45 mg GAE/g, followed 
by those containing calendula and a control sample, which had the 
lowest phenolic content. Further studies by Mlynarczyk et al. 
(2020) revealed that elderberry flowers contain higher levels of 
phenolic compounds compared to elderberry fruits, with a re-
ported concentration of 10.22 mg GAE/g fresh weight. Janarny et 
al. (2021) documented the polyphenolic content in various edible 
flowers, ranging from 1.1 to 57.4 mg GAE/g on a dry weight ba-
sis. Skrajda-Brdak et al. (2020) also evaluated the phenolic con-
tent, noting values between 0.51 and 1.14 mg GAE/g fresh weight. 
Nowicka and Wojdyło (2019) provided a broader analysis of edi-
ble flowers, finding total polyphenol contents between 2.84 and 
71.1 mg GAE/g on a dry matter basis, categorizing these flowers 
based on their phenolic content: Greater than 20 mg GAE/g dry 
weight (e.g., primrose, hawthorn), 10-20 mg GAE/g dry weight 
(e.g., lavender, daisy), 5-10 mg GAE/g dry weight (e.g., chamo-
mile, mallow), less than 5 mg GAE/g dry matter (e.g., elderberry, 
cornflower). Despite the utility of the Folin-Ciocalteu method for 
quantifying polyphenolic compounds, Milena et al. (2019) cau-
tioned that this method may not fully capture the complexity of 
polyphenolic profiles due to potential interference from other 
compounds such as sugars, organic acids, and aromatic amines, 

which could skew the results. This highlights the need for com-
plementary methods to achieve a more comprehensive under-
standing of polyphenolic content in plant materials. 

Table 2. Results of total polyphenols in tested samples 

Sample Total polyphenols 
[mg GAE/g] 

Cereal bar with elderberry flower 1.45 ±0.22b 
Cereal bar with calendula 1.36 ±0.14c 
Cereal bar with damascene rose 3.39 ±0.25a 
Cereal bar with lavender 0.97 ±023d 
Control bar 0.91 ±0.11e 

GAE – gallic acid equivalent; mean ±standard deviation; dif-
ferent letters in a column denote mean values that statistically dif-
fer one from another 

Total phenolic acids 
The results indicate that the addition of elderberry signifi-

cantly enhances the phenolic acid content in the bars, reaching a 
notable 11.80 mg CAE/g, which is substantially higher than the 
control sample at 6.92 mg CAE/g (Tab. 3). This aligns with exist-
ing literature, particularly the findings of Nowicka and Wojdyla 
(2019), who reported a baseline phenolic acid content of 0.78 mg 
CAE/g in a variety of edible flowers, with calendula (Asteraceae 
family) exhibiting the highest levels among the species studied. 
The identification of specific phenolic acids, such as gallic acid, 
syringic acid, p-hydrobenzoic acid, as well as derivatives of caf-
feic acid, including chlorogenic acid and caffeoylquinic acid, as 
highlighted by Janarny et al. (2021) is essential for understanding 
the potential health benefits associated with these compounds. 
The findings suggest that marigold and elderberry not only con-
tribute to the overall phenolic acid content but may also offer 
unique health-promoting properties due to their specific phenolic 
profiles. The incorporation of elderberry and marigold into food 
products may enhance their functional properties, providing a 
richer source of beneficial phenolic acids, which could be advan-
tageous for consumer health. Further studies could explore the bi-
oavailability and the specific health effects of these phenolic com-
pounds in various formulations. 

Table 3. Results of the total phenolic acid content in tested 
samples 

Sample Phenolic acids 
[mg CAE/g] 

Cereal bar with elderberry flower 11.80 ±1.14a 
Cereal bar with calendula 9.80 ±0.89b 
Cereal bar with damascene rose 8.40 ±0.41c 
Cereal bar with lavender 7.70 ±0.23d 
Control bar 6.92 ±0.01e 

CAE – caffeic acid equivalent; mean ±standard deviation; dif-
ferent letters in a column denote mean values that statistically dif-
fer one from another 

Dry matter content 
The high dry matter content of the samples, approximately 79 

%, indicates a stable product that can be stored for an extended 
period (Tab. 4). However, studies by Padmashree et al. (2012) 
suggest that sensory attributes of the product decline over time, 
impacting consumer acceptance. One significant factor in the 
shelf life of cereal bars is the development of a hard texture, which 
is often viewed unfavorably by consumers. Additionally, Pad-
mashree et al. (2013) highlighted the susceptibility of these bars 
to oxidation due to their elevated levels of unsaturated fatty acids. 
To mitigate these issues, the choice of packaging materials is cru-
cial to maintain product quality throughout the storage period. 
Various packaging options, including polypropylene, paper-alu-
minum polyethylene laminate films, and matted polyester films, 
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have been employed. Under these packaging conditions, the shelf 
life of the bars is generally maintained at around 3 to 4 months 
(Padmashree et al., 2012; Janarny et al. 2021). Therefore, proper 
packaging strategies are essential not only for preserving the tex-
ture and sensory quality of the bars but also for extending their 
overall shelf life. 

Table 4. Results of dry matter content in tested samples 
Sample Dry matter [%] 
Cereal bar with elderberry flower 78.90 ±0.12a 
Cereal bar with calendula 79.01 ±0.14a 
Cereal bar with damascene rose 79.71 ±0.11a 
Cereal bar with lavender 78.83 ±0.12ab 
Control bar 78.51 ±0.14 ab 

mean ±standard deviation; different letters in a column denote 
mean values that statistically differ one from another 

Total fat content 
The highest percentage of fat is found in the bar with the ad-

dition of elderberry (17.62 %). The samples with calendula, rose 
and lavender followed with small differences (Table 5). The least 
fat (14.21 %) was found in the control bar, so we can conclude 
that the addition of edible flowers also achieves an increase in fat 
content. Takashi et al. (2020) found that calendula has a high con-
tent of unsaturated fatty acids (59.3 %). According to Suksathan 
et al. (2021), the fat content of edible flowers is at 2.6 % to 32 %. 
Rivas-García et al. (2021) found the following in their research. 
The lipid content of edible flowers is variable (0.1-10 %). Flowers 
such as hibiscus or pansy are among the species with the highest 
lipid content. Calendula and rose are the flowers that provide the 
highest amount of polyunsaturated (essential) fatty acids (linoleic 
acid, α-linolenic acid). According to Domíngeuz et al. (2021), the 
essential fatty acid content of edible flowers is high. For example, 
in elderberry, linoleic acid is the major fatty acid, accounting for 
up to 39 % of the total fatty acids. The second most abundant fatty 
acid in elderberry is α-linolenic acid, with 38 %. Fernandes et al. 
(2018) reported a fat content in the range of 3.6-5.6 % on a dry 
weight basis for calendula. The fat content of the bars with the 
addition of edible flowers is higher due to the hemp seeds. Ac-
cording to Alonso-Esteban et al. (2022), they contain a large 
amount of fat ranging from 25 to 30 %. Linoleic acid is dominant, 
accounting for up to 50 % of the total fatty acids. Butter was used 
in the mass for the preparation of the cereal bars, which contain a 
large amount of fat, which appears to be the case in the results. 

Table 5. The results of total fat content in tested samples 
Sample Fat content [%] 
Cereal bar with elderberry flower 17.62 ±1.02a 
Cereal bar with calendula 16.81 ±1.11a 
Cereal bar with damascene rose 15.83 ±0.99a 
Cereal bar with lavender 15.35 ±0.84ab 
Control bar 14.21 ±0.11b 

mean ±standard deviation; different letters in a column denote 
mean values that statistically differ one from another 

Crude protein content 
The findings indicate that the addition of elderberry and ca-

lendula significantly enhances the crude protein content of the 
bars, achieving the highest level at 12.42 % (Tab. 6). This is no-
tably higher than the control bar, which had a crude protein con-
tent of 11.92 %. In comparison, the bars with lavender also 
showed increased protein levels, although specifics were not pro-
vided. The references to other studies highlight the variability of 
crude protein content in different edible flowers. For instance, Ta-
kashi et al. (2020) reported that rose, sunflower, and hibiscus had 
crude protein contents of 7.6 %, 10 %, and 2.7 %, respectively. 
Additionally, Rop et al. (2012) found Rosa odorata to have a 

crude protein content of around 2.7 %. Cais-Sokolińska and Walk-
owiak-Tomczak (2021) noted that yogurt with elderberry added 
had a crude protein content of 3.41 %. These findings suggest that 
incorporating certain edible flowers, particularly elderberry and 
marigold, can significantly enhance the nutritional profile of food 
products, particularly in terms of protein content. This could have 
implications for product development in the health food sector, 
especially for those targeting higher protein diets. 

Table 6. The results of crude protein content in tested samples 

Sample Crude protein 
content [%] 

Cereal bar with elderberry flower 12.42 ±0.13a 
Cereal bar with calendula 12.42 ±0.14a 
Cereal bar with damascene rose 11.92 ±0.25a 
Cereal bar with lavender 12.21 ±0.11a 
Control bar 11.90 ±0.01b 

mean ±standard deviation; different letters in a column denote 
mean values that statistically differ one from anothe 

Ash content 
The study by Mlynarczyk et al. (2020) provides valuable in-

sights into the composition of ash resulting from the complete 
combustion of materials, revealing that ash consists of both macro 
and microelements. In our research, we observed that the bar with 
calendula and lavender had the highest ash content at 2.02 %, fol-
lowed closely by bars containing elderberry and rose, while the 
control bar exhibited the lowest ash content at 0.91 % (Tab. 7).  
Mlynarczyk et al. (2020) further highlighted that elderberry flow-
ers contain approximately twice the ash content compared to 
black elderberry fruit, with notable variations in mineral content. 
Specifically, they reported calcium levels at 2.9 mg/g, iron at 0.5 
mg/g, copper at 0.007 mg/g, zinc at 0.03 mg/g, and manganese at 
0.04 mg/g, all measured per dry weight. Suksathan et al. (2021) 
investigated various edible flowers (Bauhinia variegata, Shorea 
roxburghii, Viburnum inopinatum, Gmelina arborea, Glycyrrhiza 
glabra) and found them to be rich sources of essential minerals, 
with calcium content ranging from 1.3 to 1.7 mg/g and iron be-
tween 0.044 to 0.075 mg/g. Their study also indicated significant 
potassium levels, from 7.9 mg/g to 23.7 mg/g. Kumari et al. 
(2021) identified potassium as the most abundant macronutrient 
in edible flowers, with a dry matter content of 30.03 mg/g, while 
iron emerged as the predominant micronutrient at 0.155 mg/g dry 
weight. Rop et al. (2012) emphasized the significance of mineral 
content in edible flowers for human nutrition, and findings regard-
ing Rosa odorata revealed phosphorus at 0.225 mg/g, calcium at 
0.275 mg/g, magnesium at 0.142 mg/g, potassium at 0.0019 mg/g, 
and sodium at 0.077 mg/g. In our results, we noted a distinct dif-
ference in ash content between bars with and without the addition 
of edible flowers. However, it is important to acknowledge the 
presence of hemp seeds in the bars, as reported by Alonso-Esteban 
et al. (2022), which indicated that phosphorus is the most abun-
dant mineral in the seeds, alongside potassium, magnesium, zinc, 
iron, sodium, and manganese. This suggests that the mineral com-
position of the bars is influenced not only by the edible flowers 
added but also by the inclusion of hemp seeds. 

Table 7. Results of ash content in tested samples 
Sample Ash content [%] 
Cereal bar with elderberry flower 1.90 ±0.01a 
Cereal bar with calendula 2.02 ±0.02a 
Cereal bar with damascene rose 1.80 ±0.01a 
Cereal bar with lavender 2.01 ±0.02a 
Control bar 0.91 ±0.01b 

mean ±standard deviation; different letters in a column denote 
mean values that statistically differ one from another 
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Sensory evaluation of cereal bars with the addition of 
edible flowers 

According to Rop et al. (2012), sensory properties are the 
main criteria for evaluating the quality of edible flowers. The ce-
real bar with the addition of lavender (Figure 1) had the strongest 
aroma, while the taste of the sample with rose was rated the high-
est, receiving a score of 7.3. The cereal bar with added calendula 
had a flavor reminiscent of fig. An aftertaste was present in all 
samples; the most intense aftertaste was from the lavender, which 
was often described as herbal, bitter, and even unpleasant. The 
aftertaste of elderflower was characterized as mealy, while mari-
gold had an earthy, herbaceous aftertaste, and rose had a sweet 
aftertaste. The highest scores for overall appearance were given 
to the cereal bars with lavender and calendula. Overall acceptabil-
ity was satisfactory for all samples, with the rose scoring 7.35 due 
to its sweet taste. The lowest score was for the bar with lavender, 
which was rated as very aromatic but bitter to unpleasant. The fla-
vors of the samples were characteristic of their respective flowers; 
the consistency was satisfactory, and the herbal aftertaste was pre-
sent in all samples. 

 
Fig. 1. Results of sensory analysis (sum of all evaluators) of 

tested samples 

CONCLUSION 
In conclusion, the integration of edible flowers into food prod-

ucts not only elevates their aesthetic appeal but also enhances their 
sensory qualities and nutritional profile. Rich in bioactive com-
pounds, these flowers offer a range of health benefits, including 
antioxidant, antimicrobial, and anti-inflammatory properties that 
can aid in reducing the risk of chronic diseases. Our study demon-
strated that the antioxidant capacities of edible flowers varied sig-
nificantly, with rose, lavender, calendula, elderberry, and the con-
trol sample exhibiting antioxidant activity levels between 0.83 
and 3.15 mg TEAC/g. Additionally, total polyphenol content was 
highest in rose, followed by elderberry and calendula, indicating 
a strong correlation between flower type and nutritional value. 
The analysis of phenolic acids further confirmed the potential 
health benefits of these flowers, with elderberry leading in con-
centration. The consistency in dry matter content coupled with the 
varying fat and protein levels highlights the unique nutritional 
profiles of each flower, suggesting varied culinary applications. 
Given these findings, we recommend that the food industry con-
sider the incorporation of edible flowers not only as a means to 
enhance visual appeal but also as a strategic approach to develop-
ing functional foods that cater to the growing health-conscious 
consumer market. To maximize the potential of edible flowers, 

food manufacturers should explore innovative product formula-
tions that leverage their unique flavors and health benefits. Col-
laborating with horticulturists to ensure sustainable sourcing and 
quality control will also be essential. Furthermore, consumer ed-
ucation initiatives highlighting the health benefits and culinary 
uses of edible flowers can drive market demand. By embracing 
this trend, the food industry can create exciting new offerings that 
align with contemporary consumer preferences for health and 
wellness, ultimately contributing to a more vibrant and health-ori-
ented food landscape. 

REFERENCES 
Ağalar, H. G. (2019). Elderberry (Sambucus nigra L.). In Nonvit-

amin and nonmineral nutritional supplements (pp. 211-215). 
Academic Press. 

Ak, G., Zengin, G., Sinan, K. I., Mahomoodally, M. F., Picot-Al-
lain, M. C. N., Cakır, O., & Montesano, D. (2020). A compar-
ative bio-evaluation and chemical profiles of Calendula offic-
inalis L. extracts prepared via different extraction tech-
niques. Applied sciences, 10(17), 5920. 
https://doi.org/10.3390/app10175920 

Alonso-Esteban, J. I., Torija-Isasa, M. E., & de Cortes Sánchez-
Mata, M. (2022). Mineral elements and related antinutrients, 
in whole and hulled hemp (Cannabis sativa L.) seeds. Journal 
of Food Composition and Analysis, 109, 104516. 
https://doi.org/10.1016/j.jfca.2022.104516 

Awika, J. M., Ronald, R.X.W.L,. Cisneros-Zevallos, P.C. (2003). 
Screening methods to measure antioxidant activity of sor-
ghum (Sorghum bicolor) and sorghum products. Journal of 
Agricultural and Food Chemistry, 51(23), 6657–6662. 
https://doi.org/10.1021/jf034790i 

Benvenuti, S., Bortolotti, E., & Maggini, R. (2016). Antioxidant 
power, anthocyanin content and organoleptic performance of 
edible flowers. Scientia Horticulturae, 199, 170–177. 
https://doi.org/10.1016/j.scienta.2015.12.052 

Boskabady, M. H., Shafei, M.N., Saberi, Z., Amini, S. (2011). 
Pharmacological effects of Rosa damascena. Iranian Journal 
of Basic Medical Sciences, 14(4), 295. Retrieved February 8, 
2022, from https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC3586833/ 

Cais-Sokolińska, D., & Walkowiak-Tomczak, D. (2021). Con-
sumer perception, nutritional, and functional studies of yogurt 
with restructured elderberry juice. Journal of Dairy Science, 
104(2), 1318–1335. https://doi.org/10.3168/jds.2020-18770 

Chen, K., Zhang, H., Qiao, H., Li, W., Zhang, K., Fang, Y. 
(2022a). Role of dehydration temperature on flavonoids com-
position and free-form volatile profile of raisins during the 
drying process. Food Chemistry, 374. 
https://doi.org/10.1016/j.foodchem.2021.131747 

Chen, N.-H., & Wei, S. (2017b). Factors influencing consumers’ 
attitudes towards the consumption of edible flowers. Food 
Quality and Preference, 56, 93–100. 
https://doi.org/10.1016/j.foodqual.2016.10.001 

Chen, Q., Xu, B., Huang, W., Amrouche, A.T., Maurizio, B., Si-
mal-Gandara, J., Tundis, R., Xia, J., Zou, L., Lu, B. (2020c). 
Edible flowers as functional raw materials: A review on anti-
aging properties. Trends in Food Science & Technology, 106, 
30–47. https://doi.org/10.1016/j.tifs.2020.09.023 

Dina, E., Sklirou, A.D., Chatzigeorgiou, S., Manola, M.S., Chei-
lari, A., Louka, X.P., Argyropoulou, A., Xynos, N., 
Skaltsounis, A.L., Aligiannis, N., Trougako, I.P. (2021). An 
enriched polyphenolic extract obtained from the byproduct of 
Rosa damascena hydrodistillation activates antioxidant and 
proteostatic modules. Phytomedicine, 93. 
https://doi.org/10.1016/j.phymed.2021.153757 

https://doi.org/10.1016/j.jfca.2022.104516
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586833/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586833/


Nimakoa Asante, E. et al. / Nutritional, antioxidant and sensory properties of cereal bars fortified by edible flowers 

Journal on Processing and Energy in Agriculture 28 (2024) 2 59 

Domínguez, Zhang, L., Rocchetti, G., Lucini, L., Pateiro, M., Mu-
nekata, P.E.S., Lorenzo, J.M. (2020). Elderberry (Sambucus 
nigra L.) as potential source of antioxidants. Characteriza-
tion, optimization of extraction parameters and bioactive 
properties. Food Chemistry, 330. 
https://doi.org/10.1016/j.foodchem.2020.127266 

Domínguez, R., Pateiro, M., Munekata, P.E.S., López, E.M.S., 
Rodríguez, J.E., Barros, L., Lorenzo, J.M. (2021). Potential 
use of elderberry (Sambucus nigra L.) as natural colorant and 
antioxidant in the food industry: A review. Foods, 10(11). 
https://doi.org/10.3390/foods10112713 

Escher, G. B. Gorges, L.C.C., Santos, J.S.S., Cruz, T.M., Marques, 
M.B., Carmo, M.A.V.,  Azevedo, L., Furtado, M.M., Sant'Ana, 
A.S., Wen, M., Zhang, L., Granato, D. (2019). From the field 
to the pot: Phytochemical and functional analyses of Calen-
dula officinalis L. flower for incorporation in an organic yo-
gurt. Antioxidants, 8(11). https://doi.org/10.3390/an-
tiox8110559 

Farmakopea Polska V. (1999). Wyd. P.T. Farm. Warszawa, 880–
881. 

Fernandes, L., Arruda, A. M. V., de Melo, A., da Marinho, J. B. 
M. (2017a). Edible flowers: A review of the nutritional, anti-
oxidant, antimicrobial properties and effects on human 
health. Journal of Food Composition and Analysis, 60, 38–
50. https://doi.org/10.1016/j.jfca.2017.03.017 

Fernandes, L., Ramalhosa, E., Casal, S. (2018b). The unexplored 
potential of edible flowers lipids. Agriculture, 8(10). 
https://doi.org/10.3390/agriculture8100146 

Fernandes, L., Casal, S., Pereira, J. A., Saraiva, J. A., & Ramal-
hosa, E. (2019). An overview on the market of edible flowers. 
Food Reviews International, 36(3), 258–275. 
https://doi.org/10.1080/87559129.2019.1639727 

Ilia, G., Simulescu, V., Merghes, P., Varan, C. (2021). The health 
benefits of honey as an energy source with antioxidant, anti-
bacterial, and antiseptic effects. Science & Sports, 36(4), 
272.e1–272.e10. 
https://doi.org/10.1016/j.scispo.2020.10.005 

Janarny, G., Ranaweera, K. K. D. S., & Gunathilake, K. D. P. P. 
(2021). Antioxidant activities of hydro-methanolic extracts of 
Sri Lankan edible flowers. Biocatalysis and Agricultural Bio-
technology, 35. https://doi.org/10.1016/j.bcab.2021.102081 

Janarny, G., Gunathilake, K. D. P. P., & Ranaweera, K. K. D. S. 
(2021). Nutraceutical potential of dietary phytochemicals in 
edible flowers—A review. Journal of Food Biochemistry, 
45(4). https://doi.org/10.1111/jfbc.13642 

Kashefi, B., Tabaei-Aghdaei, S.R., Matinizadeh, M., Mousavi, A., 
Jafari, A., Mirjani, L. (2010). Seasonal changes in leaf and 
twig antioxidant systems in Damask rose (Rosa damascena 
Mill). Journal of Medicinal Plants Research, 4(23), 2574–
2583. https://doi.org/10.5897/JMPR10.640 

Kumari, P., Ujala, A., Bhargava, B. (2021). Phytochemicals from 
edible flowers: Opening a new arena for healthy lifestyle. 
Journal of Functional Foods, 78. 
https://doi.org/10.1016/j.jff.2021.104375 

Lim, T. K. (2014a). Lavandula angustifolia. In T. K. Lim (Ed.), 
Edible medicinal and non-medicinal plants (pp. 156–185). 
Dordrecht: Springer. https://doi.org/10.1007/978-94-017-
8747-5 

Lim, T. K. (2014b). Calendula officinalis. In T. K. Lim (Ed.), Edi-
ble medicinal and non-medicinal plants (pp. 213–244). Dor-
drecht: Springer. https://doi.org/10.1007/978-94-017-8747-5 

Liu, W.-Y., Chen, L., Huang, Y.Y., Fu, L., Song, L., Wang, Y., Bai, 
Z., Meng, F., Bi, F. (2020). Antioxidation and active constitu-
ents analysis of flower residue of Rosa damascena. Chinese 

Herbal Medicines, 12(3), 336–341. 
https://doi.org/10.1016/j.chmed.2020.05.005 

Loizzo, M. R., Pugliese, A., Bonesi, M., Tenuta, M. C., Menichini, 
F., Xiao, J., & Tundis, R. (2015). Edible flowers: A rich 
source of phytochemicals and hypoglycemic properties. Jour-
nal of Agricultural and Food Chemistry, 64, 2467–2474. 
https://doi.org/10.1021/acs.jafc. 5b03092 

Madane, P., Das, A. K., Pateiro, M., Nansa, P. K., Bandyopadh-
yay, S., Jagtap, P., Barba, F. J., Shewalkar, A., Maity, B., & 
Lorenzo, J. M. (2019). Drumstick (Moringa oleifera) flower 
as an antioxidant dietary fibre in chicken meat nuggets. Food, 
8, 307. https://doi.org/10. 3390/foods8080307 

Milena, V., Tatjana, M., Gökhan, C., Ivana, B., Aleksandra, C., 
Mohammad, M.F., Marija, R. (2019). Advantages of contem-
porary extraction techniques for the extraction of bioactive 
constituents from black elderberry (Sambucus nigra L.) flow-
ers. Industrial Crops and Products, 136, 93–101. 
https://doi.org/10.1016/j.indcrop.2019.04.058 

Młynarczyk, K., Walkowiak-Tomczak, D., & Łysiak, G. P. (2020). 
The content of selected minerals, bioactive compounds, and 
the antioxidant properties of the flowers and fruit of selected 
cultivars and wildly growing plants of Sambucus nigra L. 
Molecules, 25(4), 876. https://doi.org/10.3390/mole-
cules25040876 

Młynarczyk, K., Walkowiak-Tomczak, D., & Łysiak, G. P. (2018). 
Bioactive properties of Sambucus nigra L. as a functional in-
gredient for food and pharmaceutical industry. Journal of 
Functional Foods, 40, 377–390. 
https://doi.org/10.1016/j.jff.2017.11.025 

Muchová, Z., & Frančáková, H. (1992). Hodnotenie a využitie 
rastlinných produktov: Návody na cvičenia. Nitra: Vysoká 
škola poľnohospodárska. 

Nayebi, N., Khalili, N., Kamalinejad, M., & Emtiazy, M. (2017). 
A systematic review of the efficacy and safety of Rosa dama-
scena Mill. with an overview on its phytopharmacological 
properties. Complementary Therapies in Medicine, 34, 129–
140. https://doi.org/10.1016/j.ctim.2017.08.014 

Nowicka, P., & Wojdyło, A. (2019). Anti-hyperglycemic and anti-
cholinergic effects of natural antioxidant contents in edible 
flowers. Antioxidants, 8(8), 308. https://doi.org/10.3390/an-
tiox8080308 

Palazzolo, G. (2003). Cereal bars: They’re not just for breakfast 
anymore. Cereal Food World, 48, 70–72. 

Pires, T. C. S. P., Barros, I., Santos-Buelga, S., Ferreira, I.C.F.R. 
(2017a). Nutritional and chemical characterization of edible 
petals and corresponding infusions: Valorization as new food 
ingredients. Food Chemistry, 220, 337–343. 
https://doi.org/10.1016/j.foodchem.2016.10.026 

Pires, T. C. S. P., Barros, I., Santos-Buelga, S., Ferreira, I.C.F.R. 
(2019b). Edible flowers: Emerging components in the diet. 
Trends in Food Science & Technology, 93, 244–258. 
https://doi.org/10.1016/j.tifs.2019.09.020 

Ramirez-Sanchez, I., Maya, L., Ceballos, G., Villarreal, F. (2010). 
Fluorescent detection of (-)-epicatechin in microsamples from 
cacao seeds and cocoa products: Comparison with Folin–Ci-
ocalteu method. Journal of Food Composition and Analysis, 
23(8), 790–793. https://doi.org/10.1016/j.jfca.2010.03.014 

Rivas-García, L., Hortal, M.D.N., Romero-Márquez, J.M., 
Forbes-Hernández, T.Y., Varela-López, A., Llopis, J., 
Sánchez-González, C., Quiles, J.L. (2021). Edible flowers as 
a health promoter: An evidence-based review. Trends in Food 
Science & Technology, 117, 46–59. 
https://doi.org/10.1016/j.tifs.2020.12.007 

Rop, O., Mlcek, J., Jurikova, T., Neugebauerova, J., Vabkova, J. 
(2012). Edible flowers—a new promising source of mineral 

https://doi.org/10.1016/j.scispo.2020.10.005
https://doi.org/10.1016/j.bcab.2021.102081
https://doi.org/10.1111/jfbc.13642
https://doi.org/10.5897/JMPR10.640
https://doi.org/10.1016/j.jff.2021.104375
https://doi.org/10.1007/978-94-017-8747-5
https://doi.org/10.1007/978-94-017-8747-5
https://doi.org/10.1007/978-94-017-8747-5
https://doi.org/10.1016/j.chmed.2020.05.005
https://doi.org/10.1021/acs.jafc.%205b03092
https://doi.org/10.1016/j.indcrop.2019.04.058


Nimakoa Asante, E. et al. / Nutritional, antioxidant and sensory properties of cereal bars fortified by edible flowers 

60 Journal on Processing and Energy in Agriculture 28 (2024) 2 

elements in human nutrition. Molecules, 17(6), 6672–6683. 
https://doi.org/10.3390/molecules17066672 

Sánchés-Moreno, C., Larrauri, A., & Saura-Calixto, F. (1998). A 
procedure to measure the antioxidant efficiency of polyphe-
nols. Journal of the Science of Food and Agriculture, 76, 270–
276. 

SAS 2009. Users Guide Version 9.2. SAS/STAT (r) SAS Institute 
Inc. Cary, NC, USA. 

Saussurede, R., Kampus, K., Kamous, S. (2014). Composition of 
carotenoids in calendula (Calendula officinalis L.) flowers. In 
Proceedings of the 9th Baltic Conference on Food Science 
and Technology “Food for Consumer Well-Being”, Jelgava, 
Latvia [online], 13–18. Retrieved November 29, 2021, from 
https://doi.org/10.13140/2.1.5172.1605 

Senica, M., Stampar, F., Veberic, R., Mikulic-Petkovsek, M. 
(2016). Processed elderberry (Sambucus nigra L.) products: 
A beneficial or harmful food alternative? LWT-Food Science 
and Technology, 72, 182–188. Retrieved February 3, 2022, 
from https://doi.org/10.1016/j.lwt.2016.04.056 

Shantamma, S., Vasikaran, E.M., Waghmare, R., Nimbkar, S., 
Moses, J.A., Anandharamakrishnan, S. (2021). Emerging 
techniques for the processing and preservation of edible flow-
ers. Future Foods, 4. Retrieved February 14, 2022, from 
https://doi.org/10.1016/j.fufo.2021.100094 

Sidor, A., & Gramza-Michałowska, A. (2015). Advanced research 
on the antioxidant and health benefit of elderberry (Sambucus 
nigra) in food–a review. Journal of Functional Foods, 18, 
941–958. Retrieved November 20, 2021, from 
https://doi.org/10.1016/j.jff.2014.07.012 

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phe-
nolics with phosphomolybdic-phosphotungstic acid reagents. 
American Journal of Enology and Viticulture, 6, 144–158.

Skrajda-Brdak, M., Dąbrowski, G., & Konopka, I. (2020). Ed-
ible flowers, a source of valuable phytonutrients and their 
pro-healthy effects–A review. Trends in Food Science & Tech-
nology, 103, 179–199. Retrieved November 21, 2021, from 
https://doi.org/10.1016/j.tifs.2020.06.016 

Suksathan, R., Rachkeeree, A., Puangpradab, R., Kantadoung, K., 
Sommano, R.S.  (2021). Phytochemical and nutritional com-
positions and antioxidants properties of wild edible flowers as 
sources of new tea formulations. NFS Journal, 24, 15–25. Re-
trieved September 15, 2021, from 
https://doi.org/10.1016/j.nfs.2021.06.001 

Qiu, L., Zhang, M., Mujumdar, A. S., & Chang, L. (2021). Effect 
of edible rose (Rosa rugose cv. Plena) flower extract addition 
on the physicochemical, rheological, functional and sensory 
properties of set-type yogurt. Food Bioscience, 43, 101249. 
https://doi.org/10.1016/j.fbio.2021.10124 

Takahashi, J. A., Rezende, F.A.G.G., Moura, M.A.F., Domin-
guete, L.C.B., Sande, D. (2020). Edible flowers: Bioactive 
profile and its potential to be used in food development. Food 
Research International, 129. Retrieved February 12, 2022, 
from https://doi.org/10.1016/j.foodres.2019.108868 

Wilczyńska, A., Kukułowicz, A., & Lewandowska, A. (2021). Pre-
liminary assessment of microbial quality of edible flowers. 
LWT, 150. Retrieved September 20, 2021, from 
https://doi.org/10.1016/j.lwt.2021.111926 

Zheng, J., Lu, B., & Xu, B. (2021). An update on the health benefits 
promoted by edible flowers and involved mechanisms. Food 
Chemistry, 340. Retrieved September 19, 2021, from 
https://doi.org/10.1016/j.foodchem.2020.127940 

Zhou, M., Xing, H.H., Ma, H.Y., Zhou, L., Yang, Y., Li, G.P., Hu, 
W.Y., Liu, Q., Li, X.M., Hu, Q.F. (2017). Three new isobenzo-
furans from Lavandula angustifolia and their bioactivities. 
Phytochemistry Letters, 19, 156–159. Retrieved February 9, 
2022, from https://doi.org/10.1016/j.phytol.2016.12.034 

 
Received: 03. 12. 2024. Accepted: 27. 01. 2025. 

https://doi.org/10.1016/j.nfs.2021.06.001
https://doi.org/10.1016/j.phytol.2016.12.034

	INTRODUCTION
	MATERIAL AND METHOD
	RESULTS AND DISCUSSION
	CONCLUSION
	In conclusion, the integration of edible flowers into food products not only elevates their aesthetic appeal but also enhances their sensory qualities and nutritional profile. Rich in bioactive compounds, these flowers offer a range of health benefits...
	REFERENCES

