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ABSTRACT: This study aimed to investigate whether L-lactic acid (LA), as a better solvent than ethanol (EtOH), enhances 
the bioaccessibility of phenolic compounds in red and green Brazilian propolis and to evaluate their potential anticancer 
effects in vitro. In vitro gastrointestinal digestion was performed by sequentially subjecting propolis extracts to buccal, gas-
tric, and intestinal digestion phases, and samples were collected at each stage for analysis. The total phenolic content (TPC) 
was determined using the Folin-Ciocalteu reagent with gallic acid as a standard. The total antioxidant capacity was evalu-
ated using the cupric ion reducing antioxidant capacity and 2,2-diphenyl-1-picrylhydrazyl assays. The phenolic compounds 
of propolis samples were determined by high-performance liquid chromatography with diode-array detection analysis. The 
anticancer effects of propolis samples were evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
assay. The results showed that the TPC and antioxidant activity were markedly higher in the gastric and intestinal digestive 
products of LA propolis extracts than in those of ethanolic extracts. Treatment with red propolis LA extracts (RP-LA) re-
sulted in a dose-dependent reduction in the viability of lung and colon carcinoma cells. Specifically, treatment with 1,750 
ppm of RP-LA decreased the survival rate of carcinoma cells by 85% to 90%, whereas treatment with ethanolic propolis 
extracts at the same concentration did not exhibit any cytotoxic effect on cell viability. These findings suggest that LA is a 
more effective solvent than EtOH for extracting bioactive compounds from propolis, enhancing its antioxidant and anti-
carcinogenic potential.
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INTRODUCTION

An increasing number of studies have investigated the 
potential health benefits of natural products; among 
them, propolis has emerged as a particularly promising 
candidate (Zullkiflee et al., 2022). Natural products con-
tain a diverse array of chemical compounds, such as phe-
nolic compounds, which have been the subject of exten-
sive research because of their robust biological properties 
and health benefits, including antioxidant (Fernandez- 
Panchon et al., 2008), anticancer (Roleira et al., 2015), 
and anti-inflammatory activities (Taofiq et al., 2015). 
Propolis is a natural resinous substance comprising resin, 
essential oils, waxes, pollen, and phenolic compounds 
(including aromatic acids, flavonoids, and their esters). 
It is collected by honey bees from plants, particularly the 

flowers and buds (Amin et al., 2023). The composition 
of propolis obtained from different geographical regions 
(e.g., Asia, Europe, and North and South America) varies 
because of the distinct characteristics of the local vegeta-
tion in each area. Moreover, propolis exhibits anticancer 
effects by inhibiting the growth of cancer cells. Several 
studies have reported the influence of propolis on cancer 
cell lines, including human gastric carcinoma (Desamero 
et al., 2019), colon (Ishihara et al., 2009), skin (Chen et 
al., 2007), breast (Shaker et al., 2023), and lung cancer 
(Ghazy and Hanafy, 2024). Many bioactive compounds 
present in propolis, including phenolic acids, flavonoids, 
and caffeic acid phenethyl ester, exert inhibitory effects 
on tumor growth (Fu et al., 2022). These anticancer prop-
erties of propolis have led to increased interest in under-
standing its chemical composition. Therefore, elucidat-
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Fig. 1. Flow diagram of the simulated in vitro gastrointestinal 
digestion.

ing the cytotoxic effects of polyphenolic compounds and 
their derivatives found in propolis on cancer cells is es-
sential for understanding their potential clinical applica-
tions.

However, because of the low solubility of its bioactive 
compounds, the biological activities of propolis are limited 
(Kubiliene et al., 2015). A significant proportion of com-
mercial propolis extracts are prepared in aqueous etha-
nolic solutions, which are rich in phenolic bioactive com-
pounds (Yesiltas et al., 2014). Nevertheless, the use of 
ethanolic propolis extracts is restricted because of their 
adhesive texture, unsuitability for pregnant women and 
pediatric or alcohol-intolerant individuals, and religious 
concerns. In addition to ethanol (EtOH), other solvents 
commonly used to extract propolis include glycerol, oil, 
water, and propylene glycol (Kubiliene et al., 2015). How-
ever, the extraction efficiency of these solvents is general-
ly low compared with that of EtOH. Recently, L-lactic acid 
(LA), an organic acid, has been reported to be the best 
alternative extraction medium for phenolic compounds 
in propolis (Atayoglu et al., 2023; Lazović et al., 2024). 
Atayoglu et al. (2023) reported that the total phenolic con-
tent (TPC) of propolis samples extracted using LA was 
higher than that of samples extracted using EtOH. They 
also found that the antioxidant activity in digested prop-
olis samples extracted with LA as a solvent was remark-
ably higher than that of samples extracted with EtOH.

Although there is considerable evidence regarding the 
beneficial role of ethanolic propolis extracts in carcino-
genesis, the anticarcinogenic properties of propolis ex-
tracted with LA remain largely unexplored. The bioac-
cessibility of phenolics in LA propolis extracts within 
the digestive tract and circulatory system and their rela-
tionship with their anticarcinogenic effect require fur-
ther investigation. Therefore, the present study aimed to 
evaluate and compare the effects of LA and EtOH as sol-
vents for the extraction of red and green propolis on the 
phenolic profiles, TPC, and antioxidant and anticancer 
activity before and after in vitro digestion.

In this study, red and green propolis extracts were pre-
pared from LA or EtOH. The phenolic profiles, TPC, and 
antioxidant activity of the extracts were evaluated before 
and after in vitro digestion. In addition, the cytotoxic ef-
fects of propolis LA and ethanolic extracts on lung can-
cer (A549) and colon cancer (Caco-2) cells were assessed 
and compared.

MATERIALS AND METHODS

Materials
Brazilian red and green propolis samples with a purity of 
20% were provided by Bioessens Limitada. All chemicals 
used in the analyses were obtained from Sigma and Merck.

Extraction of propolis samples
The Brazilian propolis-solvent samples were prepared in 
proportions of 10% (g/g) using 70% EtOH (Merck KGaA) 
or 80% LA (Merck KGaA). Then, the samples were ho-
mogenized using a homogenizer (IKA T 25 Digital Ultra- 
Turrax) for 30 min, and the propolis samples were kept 
in the dark at room temperature for 15 days. Next, the 
prepared solutions were filtered using Whatman No. 4 
filter paper (Millipore) by gravity filtration. Finally, the 
extracts were stored at 4°C until analysis.

Simulated in vitro gastrointestinal (GI) digestion
In vitro GI digestion has been used to simulate the con-
ditions of the human digestive system in order to study 
the behavior of various compounds (e.g., polyphenols) 
during digestion. To simulate the GI digestion of red 
and green propolis extracts, we used the model adapted 
from Minekus et al. (2014) with slight modifications 
(Fig. 1). The compositions of salivary, gastric, and in-
testinal fluids are shown in Table 1.

Propolis extracts were mixed with artificial saliva me-
dium containing amylase solution, saliva liquid, calcium 
chloride (CaCl2), and distilled water. Following incuba-
tion at 37°C in a shaking water bath (SV 1422, Memmert 
GmbH & Co.) for 2 min, the gastric phase was initiated 
immediately after the buccal phase without collecting 
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Table 1. Composition of the digestion fluids used to simulate the gastrointestinal system

Constituent Concentration (mol/L) Salivary fluid (pH: 7, mL) Gastric fluid (pH: 3, mL) Intestinal fluid (pH: 7, mL)

KCl 0.5 15.1  6.9  6.8 
KH2PO4 0.5  3.7  0.9  0.8 
NaHCO3 1.0  6.8 12.5 42.5 
NaCl 2.0 0 11.8  9.6 
MgCl2(H2O)6 0.15  0.5  0.4  1.1 
(NH4)2CO3 0.5  0.06  0.5 0
HCl 6.0  0.09  1.3  0.7 

All digestion fluids were filled with distilled water to a total volume of 400 mL.

aliquots.
To prepare the stomach medium for the gastric phase, 

the previously prepared stomach fluid was mixed with 
pepsin solution, CaCl2, and distilled water. Then, the pH 
was adjusted to 3.0 using 1 M hydrochloric acid. The 
mixed samples were incubated in stomach medium in a 
shaking water bath (Memmert) at 37°C for 2 h. Following 
the completion of the gastric phase, 5 mL aliquots were 
collected for further analysis.

Afterward, the intestinal medium was prepared by com-
bining intestinal fluid with pancreatin and bile solutions, 
CaCl2, and distilled water. Then, the pH was adjusted to 
7.0 by adding sodium hydroxide (NaOH) to the mixture. 
Following incubation in intestinal medium in a shaking 
water bath (Memmert) at 37°C for 2 h, samples were 
collected. After simulated intestinal digestion, 5 mL ali-
quots were collected for further analysis.

An aliquot of the sample from each digestion phase 
was centrifuged (Hettich) at 32,800 g and 4°C for 5 min 
to separate the supernatant. Subsequently, the super-
natant was stored at 20°C until further analysis.

Determination of the TPC and antioxidant capacity of 
propolis samples
To determine the TPC, colorimetric assay was performed 
using the Folin-Ciocalteu reagent in accordance with the 
method of Turkmen et al. (2006) with slight modifica-
tions. Gallic acid was used as a standard, and the phe-
nolic content was expressed as milligrams of gallic acid 
equivalents (GAE) per gram. The total antioxidant ca-
pacity was assessed using cupric ion reducing antioxi-
dant capacity (CUPRAC) and 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) assays as previously described (Kumaran 
and Joel karunakaran, 2006; Apak et al., 2007). The re-
sults were quantitatively expressed in terms of milligrams 
of Trolox equivalent (TE) per 100 g of sample using Tro-
lox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid) as the standard.

High-performance liquid chromatography with diode-array 
detection (HPLC-DAD) analysis of phenolic compounds
The phenolic profile of each sample was determined in 

accordance with the method previously described by 
Capanoglu et al. (2008). The Waters 2695 HPLC System 
with a photodiode array detector (Waters 2996, Milford) 
and a Supelcosil LC-18 column (25 cm×4.60 mm, 5 m 
column Sigma-Aldrich) were used to analyze the sample 
extracts. The mobile phase components comprised Milli-Q 
water with 0.1% (v/v) trifluoroacetic acid (TFA, solvent 
A) and acetonitrile with 0.1% (v/v) TFA (solvent B). The 
following linear gradient was used throughout the ex-
periment: at 0 min, 95% solvent A and 5% solvent B 
were used; at 45 min, 65% solvent A and 35% solvent B 
were used; at 47 min, 25% solvent A and 75% solvent B 
were used; and at 54 min, the initial conditions return-
ed. The flow rate was 1 mL/min. Three distinct wave-
lengths were used for detection: 280, 312, and 360 nm. 
Sample identification was achieved by using retention 
times and characteristic ultraviolet spectra. Then, the re-
sults were quantified using external standards, which are 
reference substances of known concentration analyzed 
under the same conditions to ensure accurate quantifica-
tion.

Cell culture conditions
Human lung (A549) and colon (Caco-2) adenocarcinoma 
cells (#CCL-185 and #HTB-37, respectively; American 
Type Culture Collection) were cultivated in minimum es-
sential medium with Earle’s salt (#M4655, Sigma-Aldrich) 
supplemented with 15% (v/v) fetal bovine serum (#FBS- 
11A, Capricorn Scientific), 1% antibiotic mixture contain-
ing amphotericin B, streptomycin, and penicillin (#A5955, 
Sigma-Aldrich), 1% sodium pyruvate (#S8636, Sigma- 
Aldrich), and 1% nonessential amino acids (#M7145, 
Sigma-Aldrich). The cells were maintained at 37°C in a 
humidified atmosphere with 5% carbon dioxide (CO2).

Determination of the anticancer effects of propolis samples
To determine whether propolis samples extracted by LA 
exert anti-viability effects in A549 and Caco-2 cells com-
pared with ethanolic extracts, 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 
performed as described previously (Yıkmış et al., 2024). 
A549 and Caco-2 cells were plated into 96-well tissue 
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Table 2. The total phenolic content (TPC) of the gastric and intestinal phases of red and green propolis extracts after in vitro 
gastrointestinal digestion

Propolis type Extraction solvent
TPC (mg GAE/g propolis)

Initial Gastric Intestinal

Red propolis L-lactic acid 30.5±4.1Cb  79.4±3.1Ba  84.3±22.6Ca

Ethanol 45.6±2.9Ba  27.5±0.9Db  31.4±1.3Db

Green propolis L-lactic acid 70.4±3.4Ab 146.3±7.4Aa 173.3±25.0Aa

Ethanol 75.4±7.9Ab  52.2±5.4Cc 111.7±0.1Ba

Values are presented as mean±SD of three independent samples.
Different uppercase letters in the columns represent statistically significant differences for each sample (P<0.05). Different lower-
case letters in the rows represent statistically significant differences for each sample (P<0.05).
GAE, gallic acid equivalents.

culture dishes at a density of 1×105 cells per well and al-
lowed to attach for 24 h. Then, the cells were treated 
with various concentrations of either ethanolic or LA ex-
tracts of red or green propolis (750－1,750 ppm) for 24 
h. Cells exposed to LA or EtOH (70%) alone, under the 
same conditions as the experimental group, served as the 
negative control. Before the treatments, samples contain-
ing LA were neutralized by adding 1 mM of NaOH at a 
rate of 4% of sample volume. Following incubation for 
24 h, 5 mg/mL of MTT (#A3338, Biomatik) prepared by 
dissolving MTT powder in sterile phosphate buffered sa-
line was added to each well, representing 10% of the cul-
ture volume. Subsequently, the cells were maintained in 
a cell culture incubator at 37°C for 3 h. After the MTT 
solution was carefully discarded from the wells, 100 L of 
dimethyl sulfoxide was added to each well to solubilize 
the formazan crystals. Then, the optical density (absor-
bance) of the dissolved solution was measured at 570 
nm using a microplate reader (UV-2600 Spectrophoto-
meter, Shimadzu). The mean percentage of viable cells 
was calculated using the following formula: % cell via-
bility=[(ODtreatment−ODblank)/(ODcontrol−ODblank)]×100.

A nonlinear regression model was used to fit the rela-
tive cell viability values in order to estimate the half maxi-
mal inhibitory concentration (IC50) using the GraphPad 
Prism software (v6.0, GraphPad Software).

Statistical analysis
All experiments were conducted in triplicate, and the re-
sults are presented as the mean±standard deviation. The 
results were analyzed using one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test (P≤0.05). 
For the MTT assay, two-way ANOVA was performed to 
evaluate the interaction between the treatment dose and 
cell viability. Since there was a significant interaction be-
tween variables, Tukey’s post hoc test was performed to 
determine the significance of differences between pairs 
of group means. Statistical analyses were performed using 
GraphPad Prism software (v6.0, GraphPad Software).

RESULTS 

Simulated in vitro GI digestion
LA extraction increases the TPC and total antioxidant capacity 
of propolis samples: The results showed that LA is a more 
effective solvent for propolis extraction than EtOH. The 
TPC obtained from the red and green propolis extracts 
following the in vitro digestion process are presented in 
Table 2.

The TPC of red propolis-ethanolic extract (RP-EtOH) 
(45.6±2.9 mg GAE/g) was significantly higher (P<0.05) 
than that of RP-LA (30.5±4.1 mg GAE/g) (Table 2). Com-
pared with red propolis, the TPC did not exhibit a sig-
nificant variation between undigested propolis samples 
extracted with LA (70.4±3.4 mg GAE/g) or EtOH (75.4± 
7.9 mg GAE/g). The TPC was markedly increased in red 
and green propolis samples extracted with LA following 
the completion of the gastric and intestinal digestion 
phases. However, the TPC was significantly lower in the 
RP-EtOH samples obtained during the gastric (27.5±0.9 
mg GAE/g) and intestinal (31.4±1.3 mg GAE/g) diges-
tion phases than in the undigested control group (45.6± 
2.9 mg GAE/g). The TPC in green propolis EtOH extract 
(GP-EtOH) demonstrated a notable decrease (52.2±5.4 
mg GAE/g) or increase (111.7±0.1 mg GAE/g) following 
gastric and intestinal digestion, respectively, compared 
with that in the undigested control group (75.4±7.9 mg 
GAE/g). Finally, the TPC of green propolis was consis-
tently higher than that of red propolis in all cases, re-
gardless of the solvent used for extraction and the phases 
of digestion (P<0.05).

In addition, in vitro GI digestion was evaluated in 
terms of the total antioxidant capacity using DPPH and 
CUPRAC assays. The total antioxidant capacities of the 
initial extracts and those during the gastric and in-
testinal phases are shown in Table 3.

For the CUPRAC assay, the total antioxidant capaci-
ties of propolis extracts throughout the digestive tract 
varied between 16.0±2.4 mg TE/g and 42.4±7.8 mg 
TE/g for RP-LA, 25.8±2.3 mg TE/g and 40.2±3.6 mg 
TE/g for RP-EtOH, 77.0±7.2 mg TE/g and 246.3±31.1 
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Table 3. Total antioxidant capacities of the gastric and intestinal phases of propolis extracts after in vitro gastrointestinal digestion

Propolis type Extraction 
solvent

CUPRAC (mg TE/g propolis) DPPH (mg TE/g propolis)

Initial Gastric Intestinal Initial Gastric Intestinal

Red propolis L-lactic acid 16.0±2.4Cb  40.4±0.5Ca  42.4±7.8Ca 10.9±2.0Bb 13.8±0.3Bb 40.1±2.5Ba

Ethanol 40.2±3.6Ba  25.8±2.3Db  28.3±0.4Cb 19.6±0.5Aa  2.7±0.1Db  1.4±0.5Dc

Green propolis L-lactic acid 77.0±7.2Ab 214.6±4.3Aa 246.3±31.1Aa  9.2±0.1Bc 26.9±1.9Ab 58.4±2.0Aa

Ethanol 82.8±15.1Ab  70.4±1.0Bb 124.2±14.0Ba 19.5±0.1Aa  7.6±0.1Cc 12.7±2.9Cb

Values are presented as mean±SD of three independent samples. 
Different uppercase letters in the columns represent statistically significant differences for each sample (P<0.05). Different lower-
case letters in the lines represent statistically significant differences for each sample (P<0.05).
CUPRAC, cupric ion reducing antioxidant capacity; DPPH, 2,2-diphenyl-1-picrylhydrazyl; TE, Trolox equivalent.

mg TE/g for GP-LA, and 70.4±1.0 mg TE/g and 124.2± 
14.0 mg TE/g for GP-EtOH. The antioxidant activity of 
green propolis was higher than that of red propolis, which 
is consistent with the results of TPC analysis.

During the initial phases of the test, the ethanolic ex-
tracts had higher antioxidant activity than the LA ex-
tracts, which is similar to the results obtained by TPC. 
However, in the intestinal phase, the LA extracts exhibit-
ed greater antioxidant activity than the ethanolic extracts. 
The antioxidant activity of LA extracts showed an in-
creasing trend from the initial phase to the intestinal 
phase, whereas that of ethanolic extracts showed a de-
crease in the stomach phase and an increase in the in-
testinal phase.

The results of DPPH assay showed a variation in the to-
tal antioxidant capacity during digestion: between 10.9± 
2.0 mg TE/g and 40.1±2.5 mg TE/g for RP-LA, 1.4±0.5 
mg TE/g and 19.5±0.5 mg TE/g for RP-EtOH, 9.2±0.1 
mg TE/g and 58.4±2.0 mg TE/g for GP-LA, and 7.6± 
0.1 mg TE/g and 19.5±0.1 mg TE/g for GP-EtOH. Com-
pared with CUPRAC assay, no significant difference was 
observed in the antioxidant activity between red and 
green propolis in the DPPH assay. In CUPRAC assay, 
the initial antioxidant activity of RP-EtOH (40.2±3.6 
mg TE/g) was significantly higher (P<0.05) than that of 
red propolis extracted with LA. In the case of green 
propolis, ethanolic extracts exhibited a higher initial an-
tioxidant capacity than LA extracts based on DPPH ana-
lysis. However, no significant differences were observed 
by CUPRAC assay (P>0.05). The results of CUPRAC as-
say indicated that green propolis extracts (LA or EtOH) 
had a notably higher antioxidant capacity than red prop-
olis extracts. As opposed to CUPRAC assay, no signifi-
cant difference was found between the antioxidant activ-
ities of red and green propolis in DPPH assay. The total 
antioxidant capacity of red and GP-LA significantly in-
creased after the completion of the gastric and intestinal 
digestion phases. In contrast to LA extracts, the RP-EtOH 
samples showed a notably lower total antioxidant ca-
pacity during the gastric (25.8±2.3 mg TE/g) and in-
testinal (28.3±0.4 mg TE/g) digestion phases compared 
with the undigested control group. However, the results 

of CUPRAC assay showed that the total antioxidant ca-
pacity of GP-EtOH decreased during gastric digestion 
(70.4±1.0 mg TE/g) and then significantly increased 
during intestinal digestion. 
Phenolic profiles of propolis samples exposed to in vitro gastro-
intestinal digestion: On the basis of the initial and digested 
samples, HPLC-DAD analysis was performed to de-
termine the major phenolic compounds of green and red 
propolis samples. The phenolic profiles of red and green 
propolis samples are shown in Table 4 and 5, respec-
tively. Up to 22 individual phenolic compounds were 
identified in the samples. Pinocembrin, galangin, and 
kaempferol were the major phenolic compounds found 
in red propolis extracts, whereas pinocembrin, caffeic 
acid, ferulic acid, p-coumaric acid, and rosmarinic acid 
were the major phenolic compounds found in green prop-
olis extracts. Protocatechuic acid and vanillin were only 
detected in the ethanolic extracts of red propolis sam-
ples. 

In the red propolis samples, the accessibility of LA ex-
tracts in the intestinal phase was higher than that of 
ethanolic extracts, with some exceptions (Table 4). In 
fact, kaempferol was more accessible in ethanolic extrac-
tion than in LA extraction. The intestinal phase of hes-
peridin and naringenin was only accessible through etha-
nolic extraction, whereas that of galangin was only ac-
cessible through LA extraction.

Except for 2,3,4-trihydroxybenzoic acid, quercetin, and 
kaempferol, other components were more accessible in 
the intestinal phase in green propolis samples extracted 
with EtOH than in red propolis samples (Table 5). More-
over, hydroxycinnamic acids, including chlorogenic acid, 
cryptochlorogenic acid, caffeic acid, and cynarin, were 
only detected in green propolis samples.

Anticancer effects of LA and ethanolic propolis extracts
Treatment with RP-LA for 24 h remarkably reduced the 
viability of A549 and Caco-2 cells in a dose-dependent 
manner (Fig. 2). When these cells were subjected to the 
lowest (750 ppm) and highest (1,750 ppm) RP-LA con-
centrations, approximately 28% to 85% and 40% to 90% 
reductions in the cell survival rate (P<0.0001) were ob-
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Table 4. Phenolic profiles of the initial, gastric, and intestinal phases of red propolis extracts after in vitro gastrointestinal digestion

Compound

Phenolic profiles (mg/100 g)

Red propolis-lactic acid solution (10%) Red propolis-ethanolic solution (10%)

Initial Gastric phase Intestinal phase Initial Gastric phase Intestinal phase

Gallic acid  23.4±0.0c  32.9±0.1b 135.4±4.1a  14.8±0.0d  19.5±0.0cd  37.6±0.0b

Protocatechuic acid ND ND ND  11.8±0.0a   3.0±0.0c   5.5±0.0b

2,3,4-Trihydroxybenzoic acid ND ND ND ND ND ND
o-Coumaric acid  10.5±0.0ab   8.8±0.1b  13.7±2.4a  10.1±0.0ab   6.7±0.1b   6.9±0.0b

trans-Cinnamic acid  12.5±0.0c   6.4±0.3d  33.5±1.1a  23.5±0.0b  29.8±3.1a   9.3±0.0cd

Hesperedin  45.7±0.0a  38.8±0.0b ND  24.8±0.0c  24.5±0.9c  16.1±0.0d

Vanilin ND ND ND 287.5±0.0a 116.8±1.6c 149.7±0.0b

Pinocembrin 120.9±0.0b 188.4±5.8a  60.8±27.9c 130.4±0.0b  33.9±2.9c  35.6±0.0c

Naringenin 195.9±0.0a  88.3±0.0c ND 130.5±0.0b  27.6±0.7d  26.9±0.0d

Taxifolin 112.3±0.0a  54.6±2.5c  11.3±2.9cd  85.6±0.0b  16.3±1.0c   6.9±0.0d

Galangin 564.1±0.0b 667.6±22.2a 166.4±10.2d 459.2±0.0c ND ND
Chlorogenic acid ND ND ND ND ND ND
Cryptochlorogenic acid ND ND ND ND ND ND
Caffeic acid ND ND ND ND ND ND
Cynarin ND ND ND ND ND ND
Ferulic acid   2.3±0.0a ND ND   2.7±0.0a ND ND
Sinapic acid   1.3±0.0a ND ND   1.1±0.0a ND ND
p-Coumaric acid  18.6±0.0bc  29.3±2.2a  21.5±3.0b  13.7±0.0c  20.5±1.8b  20.0±0.0bc

Rosmarinic acid   9.0±0.0a   6.7±0.0b   6.1±1.1bc   4.7±0.0cd   3.2±0.4d ND
Apigenin ND ND ND ND ND ND
Quercetin ND ND ND ND ND ND
Kaempferol 841.7±0.0a 342.1±15.4c  48.7±0.4e 707.9±0.0b 104.5±12.5d  64.3±0.0e

Values are presented as mean±SD of three independent samples. 
Different letters in the rows represent statistically significant differences (P<0.05). 
ND, not determined.

served, respectively, compared with those in control cells. 
The IC50 value of RP-LA was 1,143 and 736.8 ppm for 
A549 and Caco-2 cells, respectively. In line with our ex-
pectations, RP-EtOH exposure did not exhibit a cyto-
toxic effect in A549 and Caco-2 cells compared with RP- 
LA exposure. This is consistent with the finding that LA 
as a solvent is more effective than EtOH for the extrac-
tion or separation of some bioactive compounds of red 
propolis (Table 4), which would be responsible for the 
cytotoxic effects. Furthermore, the relative percentage of 
cell survival in A549 cells treated with RP-EtOH at the 
two highest concentrations (1,500 and 1,750 ppm) was 
significantly higher than that in cells exposed to LA or 
EtOH alone. The fact that cell viability did not change 
significantly in A549 and Caco-2 cells exposed to LA or 
EtOH alone at the same experimental concentrations 
(750－1,750 ppm) suggested that cell death was triggered 
by propolis exposure.

As shown in Table 4, galangin was only accessible 
through LA extraction after in vitro digestion. As a major 
difference between LA and ethanolic extraction among 
both types of propolis, galangin could play a key role in 
the remarkable cytotoxicity effect exhibited by LA ex-
tracts. Indeed, galangin, a flavonol found in bee products 
(e.g., propolis and honey) and some plants (e.g., Zingiber 
officinale Roscoe, Helichrysum aureonitens, Alpinia officina-

rum, Alnus pendula, Plantago major, and Scutellaria galericu-
lata), is known for its anticancer effects against certain 
types of cancer, including human lung and colorectal can-
cers (Patel et al., 2012; Singh et al., 2022).

The cytotoxicity of GP-LA and GP-EtOH against A549 
and Caco-2 cells is shown in Fig. 3. Upon exposure to 
GP-LA and GP-EtOH, the viability of A549 and Caco-2 
cells decreased in a dose-dependent manner. However, 
treatment with LA and EtOH alone did not significantly 
affect the viability of A549 and Caco-2 cells across differ-
ent concentrations. Notably, the most significant reduc-
tion in the cell survival rate (approximately 62%, P< 
0.0001) was observed in Caco-2 cells treated with GP- 
EtOH compared with that in untreated control cells. 
These findings suggest that green propolis extracts were 
more effective in reducing the viability of Caco-2 cells 
compared with A549 cells.

DISCUSSION

The findings of the present study indicate that LA is a 
more effective solvent for propolis extraction than EtOH 
because it retains or even enhances phenolic compounds 
during digestion. In particular, the green propolis sam-
ples extracted with LA exhibited the most notable in-
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Table 5. Phenolic profiles of the initial, gastric, and intestinal phases of green propolis extracts after in vitro gastrointestinal diges-
tion

Compound

Phenolic profiles (mg/100 g)

Green propolis-lactic acid solution (10%) Green propolis-ethanolic solution (10%) 

Initial Gastric phase Intestinal phase Initial Gastric phase Intestinal phase

Gallic acid 26.1±0.0b 36.7±0.0b 167.3±30.5a 12.1±0.0b 4.4±0.2c 48.1±36.3b

Protocatechuic acid ND ND ND 9.8±0.0a 4.4±0.1a 36.8±23.4a

2,3,4-Trihydroxybenzoic acid 70.7±0a 68.0±0.0b 3.6±0.2e 7.4±0.0c 6.0±0.0d ND
o-Coumaric acid ND ND ND ND ND ND
trans-Cinnamic acid ND ND ND ND ND ND
Hesperedin 39.7±0.0d 23.1±0.0e 9.8±0.1f 62.1±0.0b 44.2±0.3c 209.0±0.5a

Vanilin ND ND ND ND ND ND
Pinocembrin 459.6±0.0a 167.9±0.0d 153.3±36.1d 379.6±0.0b 121.8±7.0d 240.3±14.4c

Naringenin ND ND ND ND ND ND
Taxifolin ND ND ND ND ND ND
Galangin ND ND ND ND ND ND
Chlorogenic acid 33.8±0.0b 18.2±0.0c 43.4±0.7b 21.8±0.0c 17.6±0.4c 150.8±6.8a

Cryptochlorogenic acid 6.2±0.0b 5.5±0.0bc 5.2±1.4bc 4.4±0.0bc 3.0±0.0c 13.2±0.9a

Caffeic acid 599.6±0.0b 588.2±0.0c 428.1±2.3d 305.6±0.0e 305.7±1.7e 819.3±6.4a

Cynarin 196.3±0.0c 164.3±0.0c 264.0±2.1b 116.3±0.0d 101.8±5.8d 1,006.5±28.8a

Ferulic acid 1,241.8±0.0b 1,175.5±0.0b 1,026.5±24.7b 1,041.8±0.0b 749.0±2.2c 2,869.9±147.5a

Sinapic acid ND 294.0±0.0a 271.8±2.0b ND 169.3±8.4c ND
p-Coumaric acid 1,989.6±0.0b 1,759.3±0.0c 2,014.3±14.8b 1,589.6±0.0d 1,231.0±5.2e 6,118.7±62.1a

Rosmarinic acid 1,735.1±0.0b 1,588.2±0.0b 1,492.2±6.8b 1,535.1±0.0b 1,062.3±8.9c 4,679.5±205.6a

Apigenin 93.2±0.0a 13.8±0.0c ND 73.4±0.0b ND ND
Quercetin 873.0±0.0a ND 53.2±4.3c 519.0±0.0b 3.7±2.7e 19.4±3.6d

Kaempferol 905.4±0.0a ND 37.7±10.2c 464.6±0.0b 0.9±1.3e 12.8±5.8d

Values are presented as mean±SD of three independent samples. 
Different letters in the rows represent statistically significant differences (P<0.05). 
ND, not determined.

Fig. 2. In vitro cytotoxic effect of RP-LA on the survival of human lung (A549) and colon (Caco-2) cancer cells in a dose-dependent 
manner. Following treatment with increasing concentrations of RP-LA, RP-EtOH, LA, and EtOH (750－1,750 ppm) for 24 h, the 
relative viability of A549 (A) and Caco-2 (B) cells was assessed by MTT assay. The values are reported as mean±SD of four separate 
experiments, each with three replicates. Data were analyzed by two-way ANOVA. A two-way treatment-dose interaction was noted 
for the viability of A549 and Caco-2 cells (P<0.0001). Multiple pairwise comparisons were made using Tukey’s post hoc test to 
determine differences among individual groups. Statistically significant differences between groups at the same treatment concen-
trations were depicted as follows: *P<0.0001: RP-LA vs RP-EtOH, LA, and EtOH; #P<0.0001: RP-EtOH vs EtOH; ΩP=0.0061: RP-EtOH 
vs LA; P=0.0058: LA vs EtOH; P<0.05: EtOH vs LA and RP-EtOH. LA, lactic acid; EtOH, ethanol; RP-LA, red propolis LA extract; 
RP-EtOH, red propolis-ethanolic extract.
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Fig. 3. In vitro cytotoxic effect of GP-LA on the survival of human lung (A549) and colon (Caco-2) cancer cells in a dose-dependent 
manner. Following treatment with increasing concentrations of GP-LA, GP-EtOH, LA, and EtOH (750－1,750 ppm) for 24 h, the 
relative viability of A549 (A) and Caco-2 (B) cells was assessed by MTT assay. The values are reported as mean±SD of four separate 
experiments, each with three replicates. Data were analyzed by two-way ANOVA. A two-way treatment-dose interaction was noted 
for the viability of A549 and Caco-2 cells (P<0.0001). Multiple pairwise comparisons were made using Tukey’s post hoc test to 
determine differences among individual groups. Statistically significant differences between groups at the same treatment concen-
trations were depicted as follows: *P<0.0001: GP-LA vs GP-EtOH, LA, and EtOH; #P<0.0001: GP-EtOH vs EtOH; ΩP=0.0061: GP-EtOH 
vs LA; P=0.0058: LA vs EtOH; P<0.05: EtOH vs LA and GP-EtOH. LA, L-lactic acid; EtOH, ethanol; GP-LA, green propolis LA 
extract; GP-EtOH, green propolis EtOH extract.

crease in TPC when subjected to the GI digestion pro-
cess, suggesting its potential superiority in terms of main-
taining phenolic stability and bioavailability. Depending 
on the extracting medium and the type of propolis, the 
TPC varied between 30.5±4.1 mg GAE/g propolis and 
75.4±7.9 mg GAE/g propolis in the initial extracts, 
27.5±0.9 mg GAE/g propolis and 146.3±7.4 mg GAE/g 
propolis for the gastric phase, and between 31.4±1.3 mg 
GAE/g propolis and 173.3±25.0 mg GAE/g propolis for 
the intestinal phase.

Although some studies have found that the number of 
phenolic compounds in red propolis is higher than that 
in green propolis (Saito et al., 2021), other studies have 
reported no significant difference in the levels of pheno-
lic compounds between green and red propolis (Andrade 
et al., 2017). Of note, the TPC can vary depending on the 
geographical location, plant sources, and bee species re-
sponsible for collecting the propolis. Moreover, the bio-
logical activity of propolis is not only determined by its 
TPC composition, but also by the composition of its phe-
nolic compounds and other bioactive components. Com-
pared with EtOH extraction, LA extraction was not su-
perior during the initial phase of extraction for green and 
red propolis. By contrast, LA extraction outperformed 
EtOH extraction in the intestinal phase for green and 
red propolis. In terms of bioaccessibility, LA was more 
effective than EtOH according to the results. Polyphenols 
are highly bioaccessible in the intestinal tract because 
their aglycone forms, as well as their ester, glycoside, and 
polymer forms, which can be hydrolyzed by intestinal 
enzymes or colonic microflora, are easily absorbed, there-
by facilitating their absorption (Manach et al., 2004). 

This highlights a value-added propolis when extracted 
by LA by improving its intestinal bioaccessibility.

In the case of green propolis, ethanolic extracts exhib-
ited a higher initial antioxidant capacity than LA extracts 
based on DPPH analysis. However, no significant differ-
ences were observed by CUPRAC assay (P>0.05). The re-
sults of CUPRAC assay indicated that green propolis ex-
tracts (LA or EtOH) had a notably higher antioxidant ca-
pacity than red propolis extracts. As opposed to CUPRAC, 
no significant difference was found between the antioxi-
dant activities of red and green propolis in the DPPH 
assay. The total antioxidant capacity of red and green 
propolis samples extracted with LA significantly increas-
ed after the completion of the gastric and intestinal di-
gestion phases. In contrast to LA extracts, the RP-EtOH 
samples showed a notably lower total antioxidant capac-
ity during the gastric (25.8±2.3 mg TE/g) and intestinal 
(28.3±0.4 mg TE/g) digestion phases compared with 
the undigested control group. However, the total anti-
oxidant capacity of GP-EtOH decreased in the gastric di-
gestion phase (70.4±1.0 mg TE/g) and then significant-
ly increased in the intestinal digestion phase according 
to CUPRAC assay.

Several studies have shown that the choice of solvent 
plays a critical role in the dissolution and availability of 
phenolic compounds in propolis extracts. Machado et al. 
(2016) assessed the effects of supercritical extraction (su-
percritical carbon dioxide, SCO2) and ethanolic extrac-
tion on different types of propolis, including green and 
red propolis. They focused on the role of solvents in the 
extraction of bioactive compounds and their subsequent 
bioaccessibility. Sun et al. (2015) found that most com-
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monly used solvent for the extraction of phenolic com-
pounds from propolis is EtOH, which is highly effective 
at solubilizing. Devequi-Nunes et al. (2018) demonstrated 
the importance of the extraction method in terms of the 
bioaccessibility of phenolic compounds extracted from 
green propolis using SCO2 and EtOH as solvents. Fur-
thermore, Woźniak et al. (2020) discovered that the sol-
vent used in the extraction process affected the fla-
vonoid and phenolic acid concentration in the propolis 
extracts, influencing their bioaccessibility and antioxidant 
properties. Based on these findings, selecting an appro-
priate solvent for the extraction of propolis is essential 
to maximize the bioaccessibility of phenolic compounds, 
thereby improving the antioxidant properties and health 
benefits of green and red propolis samples. In our pre-
vious study, LA was found to be a safe and more effi-
cient solvent than EtOH, which is currently regarded as 
the most effective solvent for the extraction of propolis 
phenolics and their antioxidant activities (Atayoglu et al., 
2023). In the present study, we also concluded that LA 
is an effective alternative to EtOH in the extraction of 
green and red propolis. However, further research is 
needed to validate these findings in vivo and to develop 
efficient delivery systems capable of protecting phenolic 
compounds during digestion.

According to our findings, some phenolic compounds 
appear to be more readily accessible in LA extracts, where-
as others seem to be more easily accessible in ethanolic 
extracts. One of the most important factors determining 
the potential health benefits of red and green propolis 
extracts is their bioaccessibility in the digestive tract. 
Several factors can affect the extraction efficacy of phe-
nolic compounds and their subsequent bioavailability in 
the GI tract, including extraction solvents. Machado et 
al. (2016) examined the chemical composition and bio-
logical activity of propolis extracts obtained from brown, 
green, and red propolis collected from multiple Brazilian 
regions using supercritical and ethanolic extraction meth-
ods. Moreover, they investigated various compounds, in-
cluding phenolics, flavonoids, artepillin C, and p-couma-
ric acid, and there in vitro antioxidant activity. They found 
that the solvent used during extraction may affect the 
phenolic profile and antioxidant properties of propolis 
extracts. Moise and Bobiş (2020) identified over 30 dis-
tinct types of phenolic compounds in red Brazilian prop-
olis extracts. Therefore, red propolis has a wide range of 
phenolic compounds, which can affect its ability to be 
absorbed by the body and its potential health benefits. 
In another study, Zannou et al. (2024) used a natural 
deep eutectic solvent to assess the bioaccessibility of bit-
ter melon leaf extracts. They found that different com-
pounds had different levels of bioaccessibility, emphasiz-
ing the importance of investigating the effect that differ-
ent solvents have on the bioavailability of phenolic com-

pounds. It appears that the choice of solvents, including 
EtOH and LA, for the extraction of phenolic compounds 
from red and green propolis affects their bioavailability 
in the GI tract. To maximize the health benefits of prop-
olis extracts, it is essential to understand how different 
solvents affect the bioavailability of phenolic compounds.

In the present study, GP-EtOH showed greater cyto-
toxicity on Caco-2 cells (P<0.0001) than LA extracts at 
the highest concentrations. Of note, certain bioactive poly-
phenols (i.e., chlorogenic acid, caffeic acid, cynarin, feru-
lic acid, p-coumaric acid, and rosmarinic acid) were iden-
tified in significantly higher bioaccessible quantities in 
the ethanolic extracts than in the GP-LA (Table 5). This 
could be the reason for the difference in the cytotoxic ac-
tivity between the two extracts, especially since these 
compounds were not detected (or were present in much 
lower concentrations) in red propolis extracts, which ex-
cludes any controversy between our hypotheses. In addi-
tion, during the experiments, a dense particle structure 
was formed in the GP-LA extracts because of the high 
viscosity of LA. Furthermore, the dense particle struc-
ture did not disappear even after filtration, suggesting 
that nanosized precipitates were formed. This is thought 
to be the reason for the low bioavailability and low cyto-
toxic effect of GP-LA extracts on cancer cells compared 
with ethanolic extracts. This dense particle structure was 
not observed in RP-LA extracts.

Although ethanolic propolis extracts have been widely 
recognized as having anticancer properties, the use of 
LA-based propolis extracts provides a new perspective on 
the anticancer potential of propolis at lower concentra-
tions. The shift from EtOH- to LA-based extracts high-
lights the importance of exploring alternative extraction 
methods to enhance the effectiveness of propolis in can-
cer treatment. Propolis extracts derived from LA have 
shown significant anticancer activity even at lower doses, 
offering an exciting avenue for further research and de-
velopment in cancer therapeutics.

In conclusion, the TPC was higher in LA extracts than 
in ethanolic extracts during the intestinal phase, sug-
gesting that LA extraction demonstrated greater efficacy 
in terms of bioavailability. The antioxidant activity of LA 
extracts increased from the initial phase to the intestinal 
phase. In the intestinal phase, the antioxidant activity of 
LA extracts was higher than that of ethanolic extracts. 
The phenolic compounds in propolis extracts were iden-
tified, and the changes in their content during in vitro di-
gestion indicated that the bioaccessibility of phenolic 
compounds depended on the extraction medium. The 
administration of RP-LA extracts to A549 and Caco-2 
cells significantly decreased their viability in a dosage- 
dependent manner; however, the administration of RP- 
EtOH did not exhibit a cytotoxic effect on these cells. To 
the best of our knowledge, this preliminary study is the 
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first to demonstrate the cytotoxic potential of LA prop-
olis extracts compared with RP-EtOH propolis extracts 
on human lung and colon cancer. LA is a promising ex-
traction medium for the preparation of propolis extracts 
with an enhanced cytotoxic effect against cancer cells. 
However, future studies are needed to determine the 
mechanisms behind the enhanced cytotoxicity of LA prop-
olis extracts and substantiate their therapeutic potential 
as cancer treatment. Future studies should also focus on 
optimizing the LA extraction process to maximize the 
bioaccessibility of propolis extracts and the effectiveness 
of their therapeutic effects.

FUNDING 

None. 

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept and design: CD, FDC, IP. Analysis and interpre-
tation: CD, FDC, EC, EB, ATA, SU. Data collection: CD, 
FDC, EC, EB. Writing the article: CD, FDC. Critical re-
vision of the article: all authors. Final approval of the ar-
ticle: all authors. Statistical analysis: CD, IP, FDC, EC. 
Overall responsibility: CD.

REFERENCES

Amin AA, Mahmoud KF, Salama MF, Longo V, Pozzo L, Seliem EI, 
et al. Characterization and stability evaluation of Egyptian prop-
olis extract nano-capsules and their application. Sci Rep. 2023. 
13:16065. https://doi.org/10.1038/s41598-023-42025-0

Andrade JKS, Denadai M, de Oliveira CS, Nunes ML, Narain N. 
Evaluation of bioactive compounds potential and antioxidant 
activity of brown, green and red propolis from Brazilian north-
east region. Food Res Int. 2017. 101:129-138. https://doi. 
org/10.1016/j.foodres.2017.08.066 

Apak R, Güçlü K, Demirata B, Ozyürek M, Celik SE, Bektaşoğlu 
B, et al. Comparative evaluation of various total antioxidant 
capacity assays applied to phenolic compounds with the 
CUPRAC assay. Molecules. 2007. 12:1496-1547. https://doi. 
org/10.3390/12071496 

Atayoglu AT, Sözeri Atik D, Bölük E, Gürbüz B, Ceylan FD, 
Çapanoğlu E, et al. Evaluating bioactivity and bioaccessibility 
properties of the propolis extract prepared with L-lactic acid: 
An alternative solvent to ethanol for propolis extraction. Food 
Biosci. 2023. 53:102756. https://doi.org/10.1016/j.fbio.2023. 
102756 

Capanoglu E, Beekwilder J, Boyacioglu D, Hall R, de Vos R. 
Changes in antioxidant and metabolite profiles during produc-
tion of tomato paste. J Agric Food Chem. 2008. 56:964-973. 

https://doi.org/10.1021/jf072990e 
Chen CN, Wu CL, Lin JK. Apoptosis of human melanoma cells 

induced by the novel compounds propolin A and propolin B 
from Taiwenese propolis. Cancer Lett. 2007. 245:218-231. 
https://doi.org/10.1016/j.canlet.2006.01.016 

Desamero MJ, Kakuta S, Tang Y, Chambers JK, Uchida K, Estacio 
MA, et al. Tumor-suppressing potential of stingless bee 
propolis in in vitro and in vivo models of differentiated-type 
gastric adenocarcinoma. Sci Rep. 2019. 9:19635. https:// 
doi.org/10.1038/s41598-019-55465-4 

Devequi-Nunes D, Machado BAS, Barreto GA, Rebouças Silva J, 
da Silva DF, da Rocha JLC, et al. Chemical characterization and 
biological activity of six different extracts of propolis through 
conventional methods and supercritical extraction. PLoS One. 
2018. 13:e0207676. https://doi.org/10.1371/journal.pone. 
0207676

Fernandez-Panchon MS, Villano D, Troncoso AM, Garcia-Parrilla 
MC. Antioxidant activity of phenolic compounds: from in vitro 
results to in vivo evidence. Crit Rev Food Sci Nutr. 2008. 
48:649-671. https://doi.org/10.1080/10408390701761845 

Fu YK, Wang BJ, Tseng JC, Huang SH, Lin CY, Kuo YY, et al. 
Combination treatment of docetaxel with caffeic acid phenethyl 
ester suppresses the survival and the proliferation of docetaxel- 
resistant prostate cancer cells via induction of apoptosis and 
metabolism interference. J Biomed Sci. 2022. 29:16. https:// 
doi.org/10.1186/s12929-022-00797-z

Ghazy MGM, Hanafy NAN. Targeted therapies for breast and lung 
cancers by using propolis loaded albumin protein nanoparticles. 
Int J Biol Macromol. 2024. 260(Pt 1):129338. https://doi.org/ 
10.1016/j.ijbiomac.2024.129338 

Ishihara M, Naoi K, Hashita M, Itoh Y, Suzui M. Growth 
inhibitory activity of ethanol extracts of Chinese and Brazilian 
propolis in four human colon carcinoma cell lines. Oncol Rep. 
2009. 22:349-354.

Kubiliene L, Laugaliene V, Pavilonis A, Maruska A, Majiene D, 
Barcauskaite K, et al. Alternative preparation of propolis ex-
tracts: comparison of their composition and biological activ-
ities. BMC Complement Altern Med. 2015. 15:156. https:// 
doi.org/10.1186/s12906-015-0677-5 

Kumaran A, Joel karunakaran R. Antioxidant and free radical 
scavenging activity of an aqueous extract of Coleus aromaticus. 
Food Chem. 2006. 97:109-114. https://doi.org/10.1016/j. 
foodchem.2005.03.032 

Lazović M, Ivković Đ, Jankov M, Dimkić I, Janakiev T, Trifković J, 
et al. Enhancement of propolis food preservation and func-
tional ingredient characteristics by natural eutectic solvents 
extraction of phytochemicals. Food Biosci. 2024. 57:103467. 
https://doi.org/10.1016/j.fbio.2023.103467 

Machado BA, Silva RP, Barreto Gde A, Costa SS, Silva DF, Brandão 
HN, et al. Chemical composition and biological activity of 
extracts obtained by supercritical extraction and ethanolic 
extraction of brown, green and red propolis derived from dif-
ferent geographic regions in Brazil. PLoS One. 2016. 11: 
e0145954. https://doi.org/10.1371/journal.pone.0145954 

Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Poly-
phenols: food sources and bioavailability. Am J Clin Nutr. 
2004. 79:727-747. https://doi.org/10.1093/ajcn/79.5.727 

Minekus M, Alminger M, Alvito P, Ballance S, Bohn T, Bourlieu 
C, et al. A standardised static in vitro digestion method suit-
able for food－an international consensus. Food Funct. 2014. 
5:1113-1124. https://doi.org/10.1039/c3fo60702j 

Moise AR, Bobiş O. Baccharis dracunculifolia and Dalbergia ecasto-
phyllum, main plant sources for bioactive properties in green 
and red Brazilian propolis. Plants. 2020. 9:1619. https:// 
doi.org/10.3390/plants9111619 

Patel DK, Patel K, Gadewar M, Tahilyani V. Pharmacological and 
bioanalytical aspects of galangin-a concise report. Asian Pac J 



Bioavailability and Anticancer Effects of Propolis 91

Trop Biomed. 2012. 2(Suppl 1):S449-S455. https://doi.org/ 
10.1016/S2221-1691(12)60205-6 

Roleira FM, Tavares-da-Silva EJ, Varela CL, Costa SC, Silva T, 
Garrido J, et al. Plant derived and dietary phenolic antioxi-
dants: Anticancer properties. Food Chem. 2015. 183:235-258. 
https://doi.org/10.1016/j.foodchem.2015.03.039 

Saito É, Sacoda P, Paviani LC, Paula JT, Cabral FA. Conventional 
and supercritical extraction of phenolic compounds from 
Brazilian red and green propolis. Sep Sci Technol. 2021. 56: 
3119-3126. https://doi.org/10.1080/01496395.2020.1731755 

Shaker SA, Alshufta SM, Gowayed MA, El-Salamouni NS, Bassam 
SM, Megahed MA, et al. Propolis-loaded nanostructured lipid 
carriers halt breast cancer progression through miRNA-223 
related pathways: an in-vitro/in-vivo experiment. Sci Rep. 
2023. 13:15752. https://doi.org/10.1038/s41598-023-42709-7

Singh D, Saini A, Singh R, Agrawal R. Galangin, as a potential 
anticancer agent. Rev Bras Farmacogn. 2022. 32:331-343. 
https://doi.org/10.1007/s43450-022-00238-w 

Sun C, Wu Z, Wang Z, Zhang H. Effect of ethanol/water solvents 
on phenolic profiles and antioxidant properties of Beijing 
propolis extracts. Evid Based Complement Alternat Med. 
2015. 2015:595393. https://doi.org/10.1155/2015/595393 

Taofiq O, Calhelha RC, Heleno S, Barros L, Martins A, Santos- 
Buelga C, et al. The contribution of phenolic acids to the anti- 
inflammatory activity of mushrooms: Screening in phenolic 
extracts, individual parent molecules and synthesized glucu-
ronated and methylated derivatives. Food Res Int. 2015. 76(Pt 
3):821-827. https://doi.org/10.1016/j.foodres.2015.07.044 

Turkmen N, Sari F, Velioglu YS. Effects of extraction solvents on 
concentration and antioxidant activity of black and black mate 

tea polyphenols determined by ferrous tartrate and Folin- 
Ciocalteu methods. Food Chem. 2006. 99:835-841. https:// 
doi.org/10.1016/j.foodchem.2005.08.034 

Woźniak M, Mrówczyńska L, Kwaśniewska-Sip P, Waśkiewicz A, 
Nowak P, Ratajczak I. Effect of the solvent on propolis phe-
nolic profile and its antifungal, antioxidant, and in vitro cyto-
protective activity in human erythrocytes under oxidative 
stress. Molecules. 2020. 25:4266. https://doi.org/10.3390/ 
molecules25184266 

Yesiltas B, Capanoglu E, Firatligil-Durmus E, Sunay AE, Samanci 
T, Boyacioglu D. Investigating the in-vitro bioaccessibility of 
propolis and pollen using a simulated gastrointestinal di-
gestion system. J Apic Res. 2014. 53:101-108. https://doi.org/ 
10.3896/IBRA.1.53.1.10 

Yıkmış S, Erdal B, Doguer C, Levent O, Türkol M, Tokatlı Demirok 
N. Thermosonication processing of purple onion juice (Allium 
cepa L.): Anticancer, antibacterial, antihypertensive, and anti-
diabetic effects. Processes. 2024. 12:517. https://doi.org/10. 
3390/pr12030517 

Zannou O, Pashazadeh H, Ghellam M, Ali Redha A, Koca I. 
Enhanced ultrasonically assisted extraction of bitter melon 
(Momordica charantia) leaf phenolic compounds using choline 
chloride-acetic acid-based natural deep eutectic solvent: an 
optimization approach and in vitro digestion. Biomass 
Convers Biorefin. 2024. 14:11491-11503. https://doi.org/10. 
1007/s13399-022-03146-0 

Zullkiflee N, Taha H, Usman A. Propolis: Its role and efficacy in 
human health and diseases. Molecules. 2022. 27:6120. https:// 
doi.org/10.3390/molecules27186120


