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Highlights

 • The leaves from the three lettuce cultivars contained flavonoids, 
hydrolyzable tannins, coumarins, steroids and phenolic compounds.

 • The EtOAc fraction of the red coral lettuce and the hexane fraction of 
the butterhead lettuce showed the highest total phenolic content and the 
highest flavonoid content, respectively.

 • The red coral lettuce had the highest antioxidant capacity using the DPPH 
and ABTS assays.
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Abstract: Lactuca sativa L. is an economically important vegetable that contains numerous 
phytochemicals. This study aimed to determine the phytochemicals in three lettuce cultivars 
(red oak, red coral, and butterhead) and assess their total phenolics, total flavonoids and 
antioxidant activities. The dried leaves of each lettuce cultivar were macerated with hexane, 
ethyl acetate (EtOAc), and 95% ethanol (EtOH). Total phenolics, total flavonoids, and 
antioxidant activities from the three solvent extracts were measured. The phytochemical 
screening showed that the leaves from the three lettuce cultivars contained flavonoids, 
hydrolyzable tannins, coumarins, steroids, and phenolic compounds. While the EtOAc 
fraction of the red coral lettuce showed the highest total phenolic content (9.747 ±  
0.021 mg gallic acid equivalent/g) and the hexane fraction of the butterhead lettuce 
contained the highest flavonoids (7.065 ± 0.005 mg quercetin equivalent/g). In the DPPH 
(2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay, the EtOAc fraction of the red coral lettuce 
had the highest antioxidant capacity with an IC50 of 0.277 ± 0.006 mg/mL, whereas, in the 
ABTS  (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) assay, the 95% EtOH of the 
red coral lettuce had the highest antioxidant capacity with an IC50 of 0.300 ± 0.002 mg/mL. 
All three lettuce cultivars contained high levels of phenolic content and flavonoids, which are 
the source of antioxidant activities. These lettuce cultivars, especially the red coral lettuce, 
are a potential source of natural antioxidants. Further research on the application of natural 
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antioxidants is required to investigate the therapeutic or the neutraceutical implication of the 
lettuce cultivars.

Keywords: Phytochemical Screening, Phenolic Content, Flavonoid Content, Antioxidant 
Activity, Lettuce

INTRODUCTION

Vegetables are excellent source of essential nutrients and fibers, which provide 
health benefits. Lactuca sativa L., a plant commonly known as lettuce, is in the 
Asteraceae family. Lettuce can be crudely categorised using head formation, leaf 
shape, texture and stem type (Kim et al. 2016). Most commonly consumed lettuce 
are crisphead, butterhead, romaine and leaf lettuce. Crisphead lettuce has crisp 
round green leaves that form a compact head. Butterhead lettuce has sweet soft 
leaves that form one round non-compact head. While romaine or cos lettuce forms 
an upright elongated non-compact head. Leaf or cutting lettuce, e.g., red oak and 
red coral, has crisp leaves that are arranged on the stalk loosely. Lettuce leaf is 
usually green, although red lettuce exists. This leads to a vast variety of lettuce 
appearances.

Because of the diversity in the texture and flavour of lettuce, it is considered 
the most popular salad plant (Llorach et al. 2008). Lettuce can be consumed fresh, 
with preserved nutritional value because heat exposure is bypassed (Kim et al. 
2016). Lettuce, including crisphead, butterhead, romaine, green oak and red oak, 
is particularly rich in antioxidants, e.g., phenolic acids, flavonoids, anthocyanins, 
vitamins C and vitamin E (Kim et al. 2016; Lanza Volpe et al. 2021). These 
compounds are heat-labile (Ross et al. 2011; Ioannou et al. 2020; Mori et al. 2007; 
Vikram et al. 2005). Antioxidants react with oxidative free radicals, e.g., hydroxyl 
radical, superoxide anion radical and peroxynitrite radicals, which are unstable 
and highly reactive molecules that react with macromolecules, e.g., nucleic acids, 
proteins, carbohydrates and lipids which are found in the nucleus and cells (Maddu 
2019; Lobo et al. 2010). Studies have shown that antioxidants prevent cell injury 
from free radicals and might be beneficial in reducing risks of various diseases 
including cardiovascular diseases, cancer, Alzheimer’s disease and renal diseases 
(Aune et al. 2018; Jayedi et al. 2018). The extract of lettuce is available as a health 
supplement product that claims health benefits based on antioxidant activity. Other 
health benefits of lettuce include anti-inflammatory (Mulabagal et al. 2010; Younus  
et al. 2019), analgesic (Younus  et al. 2019) and anticancer potential (Zhou et al. 
2019; Qin et al. 2018).

In spite of lettuce’s potential for the nutraceutical industry due to its 
antioxidant activity, several challenges remain. Due to the variation of lettuce, one 
of the challenges is the variation in antioxidants yield. Types and parts of lettuce 
confer different antioxidant activities (Gan & Azrina 2016; Ozgen & Sekerci 2011). 
Investigation of the antioxidative profile and yield from lettuce is useful for the 
development of lettuce extract-based products. However, despite the widespread 
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study of the antioxidant activity in natural plants, the study on the antioxidant 
activity of lettuce is scarce. Investigating lettuce from various sources enables 
the comparison of the contents and antioxidant activity of lettuce to literature. 
Therefore, this research aimed to qualitatively identify the phytochemicals and to 
quantitatively determine the total phenolics, total flavonoids and the antioxidant 
activities from dried leaves of three common lettuce cultivars (red oak, red coral 
and butterhead) in Thailand.

MATERIALS AND METHODS

Materials

All organic solvents were analytical grade. For instance, hexane, ethyl acetate 
(EtOAc), acetone, ethanol (EtOH), methanol (MeOH), dichloromethane (CH2Cl2), 
sodium hydroxide (NaOH), ammonium hydroxide (NH4OH), potassium hydroxide 
(KOH), potassium iodide (KI), sodium chloride (NaCl), glacial acetic acid, nitric 
acid and hydrochloric acid (HCl) were obtained from RCI Labscan (Bangkok, 
Thailand). While sulfuric acid (H2SO4), and ammonia solution were purchased 
from Carlo Erba (France). Then there’s the Folin-Ciocalteu’s reagent, sodium 
carbonate (Na2CO3), aluminum chloride (AlCl3), ferric chloride (FeCl3), hydrogen 
peroxide (H2O2), gelatin and acetic anhydride, which were purchased from Merck 
(Darmstadt, Germany). 

Diphenylpicrylhydrazyl (DPPH), and bismuth subnitrate were purchased 
from Sigma-Aldrich (St. Louis, USA). 2,2’-Azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS), potassium persulfate, 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxyligac acid (Trolox) and 3,5-dinitrobenzoic acid were purchased 
from Aldrich (Milwaukee, USA). L-ascorbic acid and lead acetate were obtained 
from Ajax Finechem (Seven Hills, Australia). Quercetin and gallic acid were 
purchased from TCI (Tokyo, Japan). Lime water, bromine water, α-naphthol, tannic 
acid, sodium iodide, bismuth carbonate, picric acid, mercuric chloride, cadmium 
iodide and vanillin were purchased from LOBA Chemie (Mumbai, India).

Sample Preparation and Extraction

Three cultivars of lettuce (Lactuca sativa L.): red lettuce (red oak and red coral) 
and green lettuce (butterhead) were collected from Wang Nam Khiew Organic 
Farms Network, Nakhon Ratchasima, Thailand. The leaves of red oak, red coral 
and butterhead were washed and dried in a hot air oven at 50°C for 24 h. Then, 
the ground dried leaves (50.0 g) were extracted in 0.6 L of each solvent at room 
temperature for 24 h in the following order: hexane, EtOAc and 95% EtOH. In 
other words, the total extraction time for the sample was 72 h. Each extract was 
then filtered and evaporated under reduced pressure using a rotary evaporator 
(Buchi, Rotavapor® R-210, Germany) to obtain crude hexane extracts, crude 
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EtOAc extracts, and crude EtOH extracts. All samples were stored at 4ºC until 
further analysis.

Phytochemical Testing 

The different extracts of lettuce were screened for the constituents of secondary 
metabolites using the following standard procedures.

Flavonoids (Sittisombut 2010)

a. Shinoda’s test: A small piece of magnesium was added to 1 mL of 95% ethanolic 
extract followed by adding approximately two to three drops of concentrated 
hydrochloric acid. The development of a pink, reddish or brown colour after a 
few minutes indicated the presence of flavonoids.

b. Molisch’s test: A milliliter of 95% ethanolic extract was mixed with three to four 
drops of 5% α-naphthol followed by two to three drops of concentrated H2SO4. 
A layer of violet coloration was formed at the interface which indicated the 
presence of glycosides.

Tannins (Sittisombut 2010)

a. True tannins: The mixture of 5 mL of 95% ethanolic extract and 5 mL of water 
was added to three to four drops of 10% NaCl solution and then the volume 
was adjusted to 10 mL. Five milliliters of the mixture were mixed with 10 drops 
of 1% gelatin solution. The other 5 mL of the mixture was used as a control. 
The appearance of the stable sediments indicated the presence of true tannins.

b. Condensed tannins: Three milliliters of 95% ethanolic extract were dried. 
Three drops of vanillin TS were then added and observed for the appearance 
of intense red colour which indicated the presence of condensed tannins. 

c. Hydrolyzable tannins: Two milliliters of 95% ethanolic extract were mixed with 
2 mL of water. The lime water (1–2 mL) was then added and observed for 
grayish-yellow sediments which indicate the presence of hydrolyzable tannins. 

Coumarins (Sittisombut 2010)

The screening of coumarins was divided into two groups: 

a. Volatile coumarins detection: The dried sample (1 g) was moistened and 
transferred into a test tube. Then, the tube was sealed with the filtered paper 
treated with 10% NaOH solution and heated for 5 min. Next, the filter paper 
(Whatman Filter Paper, Sigma-Aldrich, USA) was removed and observed. The 
presence of volatile coumarins was detected by the presence of a greenish-blue 
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fluorescence under the exposure to 365 nm ultraviolet (UV) light (Spectroline® 
CM UV-viewing cabinet, Supelco, USA).  

b. Non-volatile coumarins detection: The 95% ethanolic extract was dropped onto 
a filter paper soaked with 10% NaOH solution. The presence of non-volatile 
coumarins was detected by the appearance of a greenish-blue fluorescence 
under 365 nm UV light.  

Saponins (Soonthornchareonnon 2011)

The dried sample (1 g) was extracted with 15 mL of boiling water. The aqueous 
extract was filtered and cooled. Two milliliters of the aqueous extract were then 
added with 2 mL of water.  This 4 mL solution was prepared for two tubes and was 
used for the following tests:

a. The first tube was shaken vigorously and observed for the formation of stable 
persistent froth. This indicated the presence of saponins.  

b. A milliliter of 5% HCl solution was added to the second tube and then shaken 
vigorously. The formation of a honeycomb-like froth that remained for 10 min 
indicated the presence of saponins.

Anthraquinones (Soonthornchareonnon 2011)

The dried sample (1 g) was mixed with 10% KOH (20 mL) and 3% H2O2 solution. 
The mixture was refluxed for 10 min, filtered, and adjusted the pH with acetic 
acid to pH 3–4. The pH-adjusted solution was partitioned with CH2Cl2 (10 mL). 
The CH2Cl2 extract was then added to the NH4OH solution. The appearance of a 
pinkish-red colour in a basic layer indicated the presence of anthraquinones.

Cardiac glycosides (Soonthornchareonnon 2011)

The mixture of 10 mL of 95% ethanolic extract and 10 mL of water was partitioned 
with 10 mL of CH2Cl2. The CH2Cl2 crude extract was used for the following tests:

a. Kedde’s test: Three milliliters of the CH2Cl2 crude extract were dried and mixed 
with Kedde’s reagent. The appearance of a reddish-violet colour indicated the 
presence of unsaturated lactone.

b. Liebermann-Burchard test: Three milliliters of the CH2Cl2 crude extract were 
dried and mixed with acetic anhydride (2 drops) and concentrated H2SO4 
solution. The appearance of a greenish-blue or red colour indicated the 
presence of a steroidal nucleus.
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c. Keller-Killani test: Three milliliters of CH2Cl2 extract were added into 2 mL of 
10% FeCl3 in glacial acetic acid, followed by the addition of 2–3 drops of the 
concentrated H2SO4 solution. At the interface, a greenish-blue or brown ring 
was then formed when deoxysugar of cardiac glycosides was in the sample. 

Three positive test results indicated the presence of cardiac glycosides in the 
extract.

Phenolics (Sittisombut 2010)

A milliliter of 95% ethanolic extract was mixed with a few drops of 1% FeCl3 
solution. The presence of phenols caused the development of blue, green, or 
blackish-brown colours.

Alkaloids (Soonthornchareonnon 2011)

A few drops of 95% ethanolic extract were mixed with 5% HCl and then treated 
separately with different reagents; Dragendorff’s, Marme’s, Mayer’s, Wagner’s, 
and Tannic acid, respectively. The positive results were demonstrated after a few 
minutes by the formation of orange, white, yellowish-white, reddish-brown and 
yellowish-white precipitates, respectively. Three positive test results indicated the 
presence of alkaloids in the extract.

Determination of Total Phenolic Content

Total phenolic content was determined by the Folin-Ciocalteu assay (Deetae  
et al. 2012). Briefly, different concentrations of the fractions in MeOH were prepared. 
The sample solution (300 µL) was mixed with 1.5 mL of 10% Folin-Ciocalteu’s 
reagent and 1.2 mL of 7.5% w/v Na2CO3. The mixture was left in the dark for 30 min 
at room temperature. Next, the absorbance was measured utilising a UV/Visible 
Spectrophotometer (Hitachi, U-2900, Japan) at a wavelength of 765 nm against 
a blank without extract. Gallic acid (0.01–0.07 mg/mL) in methanol was used as 
standard. The experiment was performed in triplicate for each concentration. All 
data were expressed as milligram gallic acid equivalents per gram of the extract 
(mg GAE/g) by comparing with the standard curve of gallic acid.

Determination of Total Flavonoid Content

We modified the method by Ramamoorthy and Bono (2007) to determine the 
total flavonoid content of the fractions. A milliliter of a sample (10 mg/mL in 
MeOH) was mixed with 1 mL of 2% AlCl3 in MeOH. After incubation for 10 min 
at room temperature, the absorbance was then measured by the UV/Visible 
Spectrophotometer at 415 nm against a blank sample (1 mL of sample solution with 
1 mL of MeOH). A standard solution of quercetin in methanol was prepared with 
a concentration of 0.001–0.07 mg/mL. Triplicate determinations were performed. 
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The total flavonoid content was calculated from a quercetin calibration curve, and 
the result was expressed as mg quercetin equivalent per gram of the extract (mg 
QE/g).

Antioxidant Assays

The antioxidant activity of all extracted samples was analysed in triplicate by DPPH 
and ABTS assays.

DPPH radical scavenging activity

The free radical scavenging activity of the extracts was measured for the 
antioxidant activity using the DPPH method (Jiangseubchatveera et al. 2017). The 
DPPH is a very stable free radical because of the delocalisation of free electrons 
on the whole molecule so the formation of the dimer does not occur. The DPPH 
radical scavenging capacity assay is used to quantify the ability of antioxidants in 
quenching the DPPH radical. In the presence of antioxidants, the colour of DPPH 
radical changes from dark purple to yellow.

In this experiment, all extract solutions were prepared in ethanol at various 
concentrations (1.0–10.0 mg/mL). Twenty microliters of each concentration were 
added to 180 µL of freshly DPPH in ethanol (0.0066% w/v) in a 96-well microtiter 
plate. The mixtures were incubated in the dark at room temperature for 30 min. After 
that, the absorbance was measured using spectrophotometry at a wavelength of 
520 nm (Multi-mode microplate reader, FLUOStar Omega 2020, Germany). Trolox 
and ascorbic acid were used as reference standards. The percentage of DPPH 
scavenging activity was calculated as; [(Acontrol – Asample)/ Acontrol] ×100; where Acontrol 
is the absorbance of blank and Asample is the absorbance of the sample or standard 
at 520 nm. DPPH radical scavenging activity is expressed as the concentration of 
a sample required to decrease DPPH absorbance by 50% (IC50). 

ABTS radical scavenging activity

The free radical scavenging activity of three lettuce cultivars was determined 
using ABTS radical cation (ABTS•+) decolourisation assay (Turapra et al. 2016) 
with some modifications. The ABTS assay is a colorimetric assay based on the 
ABTS cation radical (ABTS•+) formation is reduced by antioxidants, resulting in the 
change of colour from pale greenish to colourless.

Briefly, 5 mL of 7 mM ABTS were mixed with 2.5 mL of 2.4 mM 
potassium persulfate. The solution was stored in the dark at room temperature for  
16 h to allow the generation of ABTS•+. The freshly prepared ABTS•+ solution 
was diluted with deionised water and ABTS•+ concentration was determined by 
a spectrophotometer (Multi-mode microplate reader, FLUOStar Omega 2020, 
Germany). The proper absorbance range of prepared ABTS•+ standard solution 
was 0.700 ± 0.020. The samples were prepared in EtOH at various concentrations 
(0.1 mg/mL–50 mg/mL). Twenty microliters of sample were then added to 180 µL 
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of the ABTS•+ solution in a 96-well microtiter plate and left at room temperature for 
5 min. Finally, the absorbance at 734 nm was measured. Trolox and ascorbic acid 
in a concentration range of 0.5 nM to 2.5 mM were used as the standards. 

The percentage of ABTS inhibition (ABTS inhibition %) was calculated as 
[(Acontrol – Asample)/ Acontrol] × 100; where Acontrol is the absorbance of the control reaction 
(containing all reagents except the test sample) and Asample was the absorbance of 
the test sample. The IC50 values denote the concentration of the sample which is 
required to scavenge 50% of free radical by ABTS•+.

Statistical Analysis

The data were reported as the mean ± standard deviation. The differences among 
total phenolics, total flavonoids, DPPH radical scavenging assay and ABTS radical 
scavenging assay were analysed by one-way analysis of variance. All statistical 
analysis was performed using GraphPad Prism 5 (GraphPad Software, USA).  
A p-value of less than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Phytochemical Testing 

Table 1 shows the results of the phytochemical analysis of the three lettuce 
cultivars (red oak, red coral and butterhead). The common phytochemistry content 
from the lettuce include flavonoids, hydrolyzable tannins, phenolics, steroids and 
volatile and non-volatile coumarins. First, red coral, red oak and butterhead lettuce 
cultivars contained steroidal nucleus (Liebermann-Burchard test). This agrees with 
the study from Mughrbi et al. (2020) which also found steroids in romaine and 
iceberg lettuce cultivars. Steroids in lettuce are not likely to be cardiac glycosides 
because the Keller-Killani test for deoxy sugar in cardiac glycosides was negative. 
Second, we found aglycone flavonoids in the lettuce. Literature reported that 
flavonoids in lettuce are isohamnetin, quercetin, kaempferol, epicatechin, mycertin 
and anthocyanin (Mampholo et al. 2016). Next, Tri-4-hydroxyphenylaceticacid-
glucoside is the only tannin reported in the publication (Viacava et al. 2018). 
Moreover, common lettuce phenolics are caffeic acid derivatives, predominantly 
chicoric, chlorogenic, caffeoyltartaric and caffeoylmalic acids. Also, flavonol 
glycosides including quercetin 3-O-malonylglucoside, quercetin 3-O-glucoside 
(Talubnak et al. 2017), and quercetin 3-O-glucuronide (Ferreres  et al. 1997) are 
found in lettuce. In addition, red varieties contain cyanidin-3-O-β-glucopyranoside, 
cyanidin-3-O-(6′′-malonyl-β-glucopyranoside) and methyl ester of cyanidin-3-
O-(6′′-malonyl-β-glucopyranoside) (Mulabagal et al. 2010). Last, the finding 
of coumarins, both volatile and non-volatile, in these three lettuce cultivars is 
supported by other studies that also identified coumarins in lettuce (Viacava  
et al. 2018). These compounds are well known for their antioxidant activities and 
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contribute to the radical scavenging capabilities of lettuce (Kim et al. 2016; Mughrbi 
et al. 2020; Mampholo et al. 2016; Materska et al. 2019).

Table 1: Preliminary phytochemical screening of three lettuce cultivars using the standard 
procedures.

Test
Resultsa

Red oak Red coral Butterhead

Flavonoids (Shinoda’s test) + + +

Flavonoids (Molisch’s test) – – –

True tannins – – –

Condensed tannins – ++ –

Hydrolyzable tannins ++ ++ ++

Coumarins ++ ++ ++

Saponins – – –

Anthraquinones – – –

Cardiac glycosides (Kedde’s test) – ++ ++

Cardiac glycosides (Liebermann-Burchard test) ++ ++ ++

Cardiac glycosides (Keller-Kiliani test) – – –

Phenolics ++ ++ ++

Alkaloids – – –
Notes: a(++): strong positive result (intense colour); (+): positive result (noticeable colour); (–): negative result

Total Phenolic and Flavonoid Content

Phenolic compounds are important secondary metabolites with antioxidant activity. 
The hydroxyl groups are responsible for free radical scavenging. The total phenolic 
content (TPC) investigated using the Folin–Ciocalteu reagent is presented in Table 
2. The statistical analysis of these results exhibited significant differences in TPC 
among three lettuce varieties (p < 0.05), except for the EtOH extracts of red coral 
and butterhead. Among the three solvents, the EtOAc extracts of all three cultivars 
of lettuce showed the highest TPC while hexane extracts contained the lowest TPC. 
The order was similar to the TPC content in Aurea helianthus flowers extract (EtOAc 
> EtOH > hexane) (Ri et al. 2019). In other words, in this study, EtOAc was the best 
solvent for the extraction of TPC. This is because polar solvents, e.g., ethyl acetate 
and methanol can extract phenolic chemicals better than nonpolar solvents (Vittaya  
et al. 2019). We also found that the amounts of total phenolics differ among the 
three lettuce cultivars. The EtOAc fraction of red coral showed the highest TPC 
(9.747 mg GAE/g). Studies supported that red lettuce exhibits higher antioxidant 
activity than green lettuce (Llorach et al. 2008; Liu et al. 2007)  because red 
pigments in the lettuce are anthocyanins which are phenolics (Liu et al. 2007). In 
addition, a review by Kim et al. (2016) showed that red leaf and red oak lettuce 
had the greatest level of phenolics while crisphead green lettuce had low levels of 
phenolics. 
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The basic quantitative determination of the total flavonoid content (TFC) 
in the extracts of three lettuce determined by aluminum chloride in a colorimetric 
method is presented in Table 2. The TFC from three lettuce cultivars ranged from 
1.093–7.065 mg QE/g. The statistical analysis of these results exhibited significant 
differences among three lettuce varieties (p < 0.05), except for the EtOAc extracts 
of red oak and red coral. The highest TFC content of the red oak and red coral 
lettuce was found in the EtOH extracts while the highest TFC of butterhead lettuce 
was found in the hexane extract. Moreover, EtOAc extracts from three lettuce 
had the lowest TFC content. Previous research also identified TFC in red coral 
lettuce (21.96 mg QE/100 g fresh weight), butterhead lettuce (3.00 mg QE/100 g 
fresh weight) (Gan & Azrina 2016) and red oak lettuce (2.67 mg QE/100 g fresh 
weight) (Mampholo et al. 2016). In contrast to our findings, red lettuce had greater 
TFC than green lettuce. Although the highest flavonoid content was found in the 
butterhead hexane fraction, we found that ethanol extracts yielded a high amount 
of flavonoids. This is not surprising since flavonoids can be extracted with both 
high and low polarity solvents (Mallhi et al. 2018). 

This study is different from a study by Gan and Azrina (2016), which 
studied lettuce in Malaysia, in terms of geographical location and types of solvent 
used. The effect of location may not be able to emphasise since Gan and Azrina 
used 70% aqueous ethanol for the extraction, but we used 95% ethanol. Another 
difference is that screening tests were also not reported in that study. We believe 
that our study yields additional information on qualitative components and 
antioxidant activities of lettuce.

Table 2: The percentage yield, total phenolic and flavonoid content of different extracts of 
red oak (RO), red coral (RC) and butterhead (BH) lettuce.

Extractsa %Yield
(%w/w)

Total phenolic contentd

(mg GAE/g)b
Total flavonoid contentd

(mg QE/g)c

ROH 2.08 3.261 ± 0.009 3.145 ± 0.016

ROEA 2.80 5.751 ± 0.008 1.129 ± 0.016e

ROE 6.78 4.047 ± 0.002 4.971 ± 0.084

RCH 1.10 1.698 ± 0.004 1.660 ± 0.038

RCEA 2.82 9.747 ± 0.021 1.093 ± 0.075e

RCE 5.08 5.646 ± 0.002d 3.783 ± 0.106

BHH 1.52 4.169 ± 0.017 7.065 ± 0.005

BHEA 3.22 5.816 ± 0.004 1.441 ± 0.057

BHE 7.42 5.612 ± 0.006* 6.659 ± 0.004
Note: a H = hexane, EA = EtOAc, E = 95% EtOH; b GAE: gallic acid equivalent; cQE: quercetin equivalent, dthe values 
in each column are significantly different (p < 0.05), the values are expressed as means of triplicate determinations 
± SD. dTotal phenolic content of RCE were not significantly different from BHE. e Total flavonoid content of ROEA 
were not significantly different from RCEA.
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Antioxidant Activity

DPPH and ABTS radical scavenging assays are simple and widely used 
techniques to investigate the antioxidant potential of plant extracts (Sujarwo & 
Keim 2019). DPPH and ABTS methods have been classified as mixed-mode 
assays since they require both HAT and ET reactions (Apak et al. 2016; Gulcin 
2012; Gupta 2015; Li et al. 2018; Liu et al. 2007; Platzer et al. 2021). In this study, 
DPPH and ABTS assays were used to investigate the IC50 from the lettuce extracts  
(Table 3). Please note that the Pearson correlation between major active 
compound and their antioxidant activities were not significant since this study was 
underpowered and did not design to detect such correlation. The IC50 values of 
all fractions in this experiment were higher than those of positive controls, i.e., 
the antioxidant activity of the three extracts was lower than the positive controls. 
Table 3 also shows that the IC50 values of the EtOH and EtOAc extracts were lower 
than the hexane extracts. According to the results of total phenolic and flavonoid 
contents (Table 2), the EtOH and EtOAc extracts exhibited high TPC and TFC 
which were very proportional to the high antioxidant activities. This agrees with 
another study indicating that the EtOAc and 95% EtOH extracts contain TPC and 
TFC which are responsible for the antioxidant activity (Ri et al. 2019). 

Table 3: DPPH and ABTS radical scavenging assays of different extracts of red oak (RO), 
red coral (RC) and butterhead (BH) lettuce.

Extractsa/Standards
DPPH radical

scavenging assayb

IC50 (mg/mL)

ABTS radical  
scavenging assayb

IC50 (mg/mL)

ROH 7.457 ± 0.064 11.507 ± 0.013 

ROEA 0.549 ± 0.023c 0.981 ± 0.009

ROE 3.371 ± 0.026 0.743 ± 0.002

RCH 17.478 ± 0.109 4.555 ± 0.007

RCEA 0.277 ± 0.006d 0.398 ± 0.003 

RCE 0.325 ± 0.017d 0.300 ± 0.002

BHH 5.292 ± 0.057 3.273 ± 0.013

BHEA 0.648 ± 0.011 1.010 ± 0.007

BHE 0.783 ± 0.007c 0.783 ± 0.006

Trolox 0.0064 ± 0.0003e 0.0049 ± 0.0001

Ascorbic acid 0.0061 ± 0.0003e 0.0023 ± 0.0001

Note: a H = hexane, EA = EtOAc, E = 95% EtOH, bthe values in each column are significantly different 
(p < 0.05), the values are expressed as means of triplicate determinations ± SD. cIC50 from DPPH 
assay of ROEA was not significantly different from BHE. dIC50 from DPPH assay of RCEA was 
not significantly different from RCE. eIC50 from DPPH assay of Trolox and ascorbic acid was not 
statistically different.
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From the DPPH assay, extracts with the strongest to the lowest 
antioxidants were EtOAc, EtOH and hexane, respectively. We hypothesised that 
the EtOAc extract had the highest antioxidants because it contained the highest 
amount of TPC (Table 2). The DPPH assay revealed that the EtOAc fraction of 
the red coral lettuce had the highest antioxidant capacity. Although the TPC in the 
EtOAc extract of the red coral lettuce was higher than in the EtOH extract (Table 
2), there was no significant difference in the IC50 values between the EtOH and the 
EtOAc extracts (p ≥ 0.05). Differences in chemical constituents in the EtOH and 
EtOAc extracts might play an important role in this phenomenon. Moreover, the 
EtOAc fractions of red oak and butterhead lettuce had higher antioxidant activity 
than the hexane and EtOH fractions. DPPH radical scavenging activity of the red 
coral lettuce in our study (0.325 ± 0.017 mg/mL) was closed to an IC50 of 0.304 ±  
0.011 mg/mL from 70% ethanolic extract of the red coral lettuce in Malaysia 
reported by Gan and Azrina (2016). However, the 70% ethanolic extract of the 
butterhead lettuce reported by Gan and Azrina (2016) had a higher IC50 value than 
the 95% EtOH extract of the butterhead lettuce in this study (4.230 ± 0.402 mg/
mL vs. 0.783 ± 0.007 mg/mL, respectively). In addition, from the ABTS assay, the 
fraction of 95% EtOH contained the highest antioxidant components of three types 
of lettuce, followed by the fractions of EtOAc and hexane, respectively. The 95% 
EtOH of the red coral lettuce had the lowest IC50 value (0.300 ± 0.002 mg/mL). 

Our study did not further investigate carotenoids in the lettuce since 
carotenoids are lipophilic compounds that can be well dissolved in non-polar 
solvents (Saini & Keum 2018). Our study used ethyl acetate and 95% ethanol for 
the extraction which was more polar and not well versed in extracting carotenoids. 
This is supported by a study showing that when different solvents were used 
(n-hexane, ethyl acetate and ethanol) for the extraction, ethanol extract had 
the highest antioxidant activity derived from total phenol and flavonoid, without 
carotenoid contents (Fitriansyah et al. 2018). In addition, since carotenoid contents 
in plants are degraded by drying at 30–50°C (Al-Farsi et al. 2005), the heat drying 
used in our study can degrade carotenoids. 

The difference in the number of antioxidants depends on multiple factors. 
The type of solvent used for extraction is the most important. In general, the 
secondary metabolites in plants are a mixture of polar and non-polar compounds 
which can be dissolved in solvents with different polarities. The empirical rule, “like 
dissolves like”, means that polar molecules dissolve in polar solvents and less-
polar molecules dissolve in less-polar solvents (Bhebhe et al. 2016). However, the 
solubility in a solvent is also affected by the type of lettuce, part of use and amount 
of bioactive compounds (Iloki-Assanga et al. 2015). Moreover, the variation of 
the planting condition such as air, cultivars, harvest, light, minerals, season, soil, 
temperature and water significantly affected the phenolic and flavonoid contents 
of plants (Lanza Volpe et al. 2021; Liu et al. 2007; Zdravković et al. 2014). 
Changes in mineral element content in different areas also affect the nutritional 
quality and antioxidant activity of lettuce (Sawatdee  et al. 2021). An example 
shows that lettuce cultivated in a plant factory with a solution at the lowest mineral 
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concentration yields the highest anthocyanin, polyphenol, and flavonoid. Also, 
FRAP (ferric reducing antioxidant power) and DPPH activities are the highest in 
this condition (Song et al. 2020).

CONCLUSION

The three lettuce cultivars (red oak, red coral and butterhead) are good sources 
of phytochemicals with antioxidant activities including flavonoids, phenolics, 
coumarins and tannins. Ethanol and ethyl acetate are suitable for extracting 
antioxidants. We also found that red coral lettuce has the greatest antioxidant 
activity. Further investigation to increase the antioxidant yields, qualification of the 
antioxidants, and formulation of the dry extract should be conducted. 

ACKNOWLEDGEMENTS

This work was supported by the Faculty of Pharmaceutical Sciences, Burapha 
University, Thailand (Research grant no. 6/2560) and the Research and 
Development Fund at Burapha University (grant no. 11/2565). The authors would 
like to acknowledge the Faculty of Pharmaceutical Sciences, Burapha University, 
Thailand for the support and laboratory facilities.

REFERENCES

Al-Farsi M, Alasalvar C, Morris A, Baron M and Shahidi F. (2005). Comparison of antioxidant 
activity, anthocyanins, carotenoids, and phenolics of three native fresh and sun-
dried date (Phoenix dactylifera L.) varieties grown in Oman. Journal of Agricultural 
and Food Chemistry 53(19): 7592–7599. https://doi.org/10.1021/jf050579q

Apak R, Özyürek M, Güçlü K and Çapanoğlu E. (2016). Antioxidant activity/capacity 
measurement. 1. classification, physicochemical principles, mechanisms, and 
electron transfer (ET)-based assays. Journal of Agricultural and Food Chemistry 
64(5): 997–1027. https://doi.org/10.1021/acs.jafc.5b04739

Aune D, Keum N, Giovannucci E, Fadnes L, Boffetta P, Greenwood D, Tonstad S, Vatten 
L J, Riboli E and Norat T. (2018). Dietary intake and blood concentrations of 
antioxidants and the risk of cardiovascular disease, total cancer, and all-cause 
mortality: A systematic review and dose-response meta-analysis of prospective 
studies. The American Journal of Clinical Nutrition 108(5): 1069–1091. https://doi 
.org/10.1093/ajcn/nqy097

Bhebhe M, Füller T N, Chipurura B and Muchuweti M. (2016). Effect of solvent type on 
total phenolic content and free radical scavenging activity of black tea and herbal 
infusions. Food Analytical Methods 9: 1060–1067. https://doi.org/10.1007/s12161 
-015-0270-z

https://doi.org/10.1021/jf050579q
https://doi.org/10.1021/acs.jafc.5b04739
https://doi.org/10.1093/ajcn/nqy097
https://doi.org/10.1093/ajcn/nqy097
https://doi.org/10.1007/s12161-015-0270-z
https://doi.org/10.1007/s12161-015-0270-z


Nadechanok Jiangseubchatveera et al.

14

Deetae P, Parichanon P, Trakunleewatthana P, Chanseetis C and Lertsiri S. (2012). 
Antioxidant and anti-glycation properties of Thai herbal teas in comparison 
with conventional teas. Food Chemistry 133: 953–959. https://doi.org/10.1016/j 
.foodchem.2012.02.012

Ferreres F, Gil M I, Castañer M and Tomás-Barberán F A. (1997). Phenolic metabolites 
in red pigmented lettuce (Lactuca sativa). Changes with minimal processing and 
cold storage. Journal of Agricultural and Food Chemistry 45(11): 4249–4254.  
https://doi.org/10.1021/jf970399j

Fitriansyah S N, Aulifa D L, Febriani Y and Sapitri E. (2018). Correlation of total phenolic, 
flavonoid and carotenoid content of Phyllanthus emblica extract from Bandung 
with DPPH scavenging activties. Pharmacognosy Journal 10(3): 447–452.  
https://doi.org/10.5530/PJ.2018.3.73

Gan Y and Azrina A. (2016). Antioxidant properties of selected varieties of lettuce (Lactuca 
sativa L.) commercially available in Malaysia. International Food Research Journal 
23(6): 2357–2362.

Gulcin I. (2012). Antioxidant activity of food constituents: An overview. Archives of Toxicology 
86(3): 345–391. https://doi.org/10.1007/s00204-011-0774-2

Gupta D. (2015). Methods for determination of antioxidant capacity: A review. 
International Journal of Pharmaceutical Sciences and Research 6(2): 546–566.  
https://doi.org/10.13040/IJPSR.0975-8232.6(2).546-66

Iloki-Assanga S B, Lewis-Luján L M, Lara-Espinoza C L, Gil-Salido A A, Fernandez-Angulo 
D, Rubio-Pino J L and Haines D D. (2015). Solvent effects on phytochemical 
constituent profiles and antioxidant activities, using four different extraction 
formulations for analysis of Bucida buceras L. and Phoradendron californicum. 
BMC Research Notes 8(396): 396. https://doi.org/10.1186/s13104-015-1388-1

Ioannou I, Chekir L and Ghoul M. (2020). Effect of heat treatment and light exposure on 
the antioxidant activity of flavonoids. Processes 8(9): 1078. https://doi.org/10.3390 
/pr8091078

Jayedi A, Rashidy-Pour A, Parohan M, Zargar M and Shab-Bidar S. (2018). Dietary 
antioxidants, circulating antioxidant concentrations, total antioxidant capacity, and 
risk of all-cause mortality: a systematic review and dose-response meta-analysis 
of prospective observational studies. Advances in Nutrition 9(6): 701–716.  
https://doi.org/10.1093/advances/nmy040

Jiangseubchatveera N, Liawruangrath S, Teerawutgulrag A, Santiarworn D, Pyne S 
and Liawruangrath B. (2017). Phytochemical screening, phenolic and flavonoid 
contents, antioxidant and cytotoxic activities of Graptophyllum pictum (L.) Griff. 
Chiang Mai Journal of Science 44(1): 193–202.

Kim M J, Moon Y, Tou J C, Mou B and Waterland N L. (2016). Nutritional value, bioactive 
compounds and health benefits of lettuce (Lactuca sativa L.). Journal of Food 
Composition and Analysis 49: 19–34. https://doi.org/10.1016/j.jfca.2016.03.004

Li X, Chen B, Xie H, He Y, Zhong D and Chen D. (2018). Antioxidant structure-activity 
relationship analysis of five dihydrochalcones. Molecules 23(5): 1162. https://doi.
org/10.3390/molecules23051162

Liu X, Ardo S, Bunning M, Parry J, Zhou K, Stushnoff C, Stoniker F, Yu L and Kendall P. 
(2007). Total phenolic content and DPPH radical scavenging activity of lettuce 
(Lactuca sativa L.) grown in Colorado. LWT – Food Science and Technology 40: 
552–557. https://doi.org/10.1016/j.lwt.2005.09.007

https://doi.org/10.1016/j.foodchem.2012.02.012
https://doi.org/10.1016/j.foodchem.2012.02.012
https://doi.org/10.1021/jf970399j
https://doi.org/10.5530/PJ.2018.3.73
https://doi.org/10.1007/s00204-011-0774-2
https://doi.org/10.13040/IJPSR.0975-8232.6(2).546-66
https://doi.org/10.1186/s13104-015-1388-1
https://doi.org/10.3390/pr8091078
https://doi.org/10.3390/pr8091078
https://doi.org/10.1093/advances/nmy040
https://doi.org/10.1016/j.jfca.2016.03.004
https://doi.org/10.3390/molecules23051162
https://doi.org/10.3390/molecules23051162
https://doi.org/10.1016/j.lwt.2005.09.007


Lettuces’ Phytochemicals and Antioxidants

15

Llorach R, Martínez-Sánchez A, Tomás-Barberán F A, Gil M I and Ferreres F. (2008). 
Characterisation of polyphenols and antioxidant properties of five lettuce varieties 
and escarole. Food Chemistry 108(3): 1028–1038. https://doi.org/10.1016/j 
.foodchem.2007.11.032

Lobo V, Patil A, Phatak A and Chandra N. (2010). Free radicals, antioxidants and functional 
foods: Impact on human health. Pharmacognosy Reviews 4(8): 118–126.  
https://doi.org/10.4103/0973-7847.70902

Maddu N. (2019). Diseases related to types of free radicals. In E Shalaby (ed.), Antioxidant. 
IntechOpen. https://doi.org/10.5772/intechopen.82879 

Mallhi T H, Qadir M I and Khan Y H. (2018). Determination of phytoconstituents of n-hexane 
extract of leaves of Morus nigra and evaluation of their effects on biochemical 
and histopathological parameters in paracetamol intoxicated mice liver. Brazilian 
Journal of Pharmaceutical Sciences 54(3): e18101. https://doi.org/10.1590/s2175 
-97902018000318101

Mampholo B M, Maboko M, Soundy P and Sivakumar D. (2016). Phytochemicals and overall 
quality of leafy lettuce (Lactuca sativa L.) varieties grown in closed hydroponic 
system. Journal of Food Quality 39(6): 805–815. https://doi.org/10.1111/jfq.12234

Materska M, Olszówka K, Chilczuk B, Stochmal A, Pecio Ł, Pacholczyk-Sienicka B, Piacente 
S, Pizza C and Masullo M. (2019). Polyphenolic profiles in lettuce (Lactuca 
sativa L.) after CaCl2 treatment and cold storage. European Food Research and 
Technology 245: 733–744. https://doi.org/10.1007/s00217-018-3195-0

Mori K, Goto-Yamamoto N, Kitayama M and Hashizume K. (2007). Loss of anthocyanins 
in red-wine grape under high temperature. Journal of Experimental Botany 58(8): 
1935–1945. https://doi.org/10.1093/jxb/erm055

Mughrbi H, Auzi A and Maghrbi H. (2020). Phytochemicals, nutritional value, antioxidant, 
and anticoagulant activity of Lactuca sativa L. leaves and stems. Borneo Journal 
of Pharmacy 3(3): 152–161. https://doi.org/10.33084/bjop.v3i3.1394

Mulabagal V, Ngouajio M, Nair A, Zhang Y, Gottumukkala A L and Nair M G. (2010). In vitro 
evaluation of red and green lettuce (Lactuca sativa) for functional food properties. 
Food Chemistry 118(2): 300–306. https://doi.org/10.1016/j.foodchem.2009.04.119

Ozgen S and Sekerci S. (2011). Effect of leaf position on the distribution of phytochemicals 
and antioxidant capacity among green and red lettuce cultivars. Spanish Journal 
of Agricultural Research 9(3): 801–809. https://doi.org/10.5424/sjar/20110903 
-472-10

Platzer M, Kiese S, Herfellner T, Schweiggert-Weisz U, Miesbauer O and Eisner P. (2021). 
Common trends and differences in antioxidant activity analysis of phenolic 
substances using single electron transfer based assays. Molecules 26(5): 1244. 
https://doi.org/10.3390/molecules26051244

Qin X X, Zhang M Y, Han Y Y, Hao J H, Liu C J and Fan S X. (2018). Beneficial 
phytochemicals with anti-tumor potential revealed through metabolic profiling of 
new red pigmented lettuces (Lactuca sativa L.). International Journal of Molecular 
Sciences 19(4): 1165. https://doi.org/10.3390/ijms19041165

Ramamoorthy P and Bono A. (2007). Antioxidant activity, total phenolic and flavonoid 
content of Morinda citrifolia fruit extracts from various extraction processes. 
Journal of Engineering Science and Technology 2: 70–80.

Ri H, Kim C, Pak U, Kang M and Kim T. (2019). Effect of different polarity solvents on 
total phenols and flavonoids content, and In-vitro antioxidant properties of flowers 
extract from Aurea Helianthus. Biomolecules arXiv:1906.12006. https://arxiv.org 
/abs/1906.12006

https://doi.org/10.1016/j.foodchem.2007.11.032
https://doi.org/10.1016/j.foodchem.2007.11.032
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.5772/intechopen.82879
https://doi.org/10.1590/s2175-97902018000318101
https://doi.org/10.1590/s2175-97902018000318101
https://doi.org/10.1111/jfq.12234
https://doi.org/10.1007/s00217-018-3195-0
https://doi.org/10.1093/jxb/erm055
https://doi.org/10.33084/bjop.v3i3.1394
https://doi.org/10.1016/j.foodchem.2009.04.119
https://doi.org/10.5424/sjar/20110903 -472-10
https://doi.org/10.5424/sjar/20110903 -472-10
https://doi.org/10.3390/molecules26051244
https://doi.org/10.3390/ijms19041165
https://arxiv.org/abs/1906.12006
https://arxiv.org/abs/1906.12006


Nadechanok Jiangseubchatveera et al.

16

Ross C, Hoye C J and Fernandez-Plotka V. (2011). Influence of heating on the polyphenolic 
content and antioxidant activity of grape seed flour. Journal of Food Science 76(6): 
C884–C890. https://doi.org/10.1111/j.1750-3841.2011.02280.x

Saini R K and Keum Y. S. (2018). Carotenoid extraction methods: A review of recent 
developments. Food Chemistry 240: 90–103. https://doi.org/10.1016/j 
.foodchem.2017.07.099

Sawatdee S, Prommuak C, Jarunglumlert T, Pavasant P and Flood A E. (2021). Combined 
effects of cations in fertilizer solution on antioxidant content in red lettuce (Lactuca 
sativa L.). Journal of the Science of Food and Agriculture 101(11): 4632–4642. 
https://doi.org/10.1002/jsfa.11106

Sittisombut C. (2010). Flavonoids in the natural product separation techniques and the 
phytochemical screening. Bangkok: Faculty of Pharmacy, Silpakorn University. 

Song J, Huang H, Hao Y, Song S, Zhang Y, Su W and Liu H. (2020). Nutritional quality, 
mineral and antioxidant content in lettuce affected by interaction of light intensity 
and nutrient solution concentration. Scientific Reports 10: 2796. https://doi 
.org/10.1038/s41598-020-59574-3

Soonthornchareonnon N. (2011). Drugs and natural products. 3rd ed. Bangkok: Faculty of 
Pharmacy, Mahidol University. 

Sujarwo W and Keim A P. (2019). Chapter 27 - Spondias pinnata (L. f.) Kurz. (Anacardiaceae): 
profiles and applications to diabetes. In: R R Watson and V R Preedy (eds.). 
Bioactive food as dietary interventions for diabetes. 2nd ed. Cambridge: Academic 
Press, 395–405. https://doi.org/10.1016/B978-0-12-813822-9.00027-8

Talubnak C, Parinthawong N and Tanimnun J. (2017). Phytoalexin production of lettuce 
(Lactuca sativa L.) grown in hydroponics and its in vitro inhibitory effect on plant 
pathogenic fungi. Songklanakarin Journal of Science and Technology 39(5): 633–
640. https://doi.org/10.14456/sjst-psu.2017.78 

Turapra B, Boonyarat C, Chulikhit Y and Daodee S. (2016). Determination of active 
constituents and antioxidative activity in Citrus maxima (Burm.) Merr. Isan Journal 
of Pharmaceutical Sciences 11 (Suppl.): 80–91.

Viacava G E, Roura S I, López-Márquez D M, Berrueta L A, Gallo B and Alonso-Salces R M. 
(2018). Polyphenolic profile of butterhead lettuce cultivar by ultrahigh performance 
liquid chromatography coupled online to UV-visible spectrophotometry and 
quadrupole time-of-flight mass spectrometry. Food Chemistry 260: 239–273. 
https://doi.org/10.1016/j.foodchem.2018.03.151

Vikram V B, Ramesh M N and Prapulla S G. (2005). Thermal degradation kinetics of nutrients 
in orange juice heated by electromagnetic and conventional methods. Journal of 
Food Engineering 69(1): 31–40. https://doi.org/10.1016/j.jfoodeng.2004.07.013

Vittaya L, Khongsai S, Ui-eng J, Chalad C and Leesakul N. (2019). Effect of total phenolic 
and flavonoid contents of Ampelocissus martini on radical scavenging and 
antibacterial activities. Agriculture and Natural Resources 53: 154–160.

Volpe M, Soto Vargas C, Morón A and González R E. (2021). Bioactive compounds, 
antioxidant activity and growth behavior in lettuce cultivars grown under field 
and greenhouse conditions. Proceedings 70(1): 52. https://doi.org/10.3390 
/foods_2020-07709

Younus I, Ismail H, Rizvi C, Dilshad E, Saba K, Mirza B and Waheed M T. (2019). Antioxidant, 
analgesic and anti-inflammatory activities of in vitro and field-grown Iceberg lettuce 
extracts. Journal of Pharmacy and Pharmacognosy Research 7(5): 343–355.

https://doi.org/10.1111/j.1750-3841.2011.02280.x
https://doi.org/10.1016/j.foodchem.2017.07.099
https://doi.org/10.1016/j.foodchem.2017.07.099
https://doi.org/10.1002/jsfa.11106
https://doi.org/10.1038/s41598-020-59574-3
https://doi.org/10.1038/s41598-020-59574-3
https://doi.org/10.1016/B978-0-12-813822-9.00027-8
https://doi.org/10.14456/sjst-psu.2017.78
https://doi.org/10.1016/j.foodchem.2018.03.151
https://doi.org/10.1016/j.jfoodeng.2004.07.013
https://doi.org/10.3390/foods_2020-07709
https://doi.org/10.3390/foods_2020-07709


Lettuces’ Phytochemicals and Antioxidants

17

Zdravković J M, Aćamović-Djoković G S, Mladenović J D, Pavlović R M and Zdravković 
M S. (2014). Antioxidant capacity and contents of phenols, ascorbic acid, 
β-carotene and lycopene in lettuce. Hemijska Industrija 68(2): 193–198.  
https://doi.org/10.2298/HEMIND130222043Z

Zhou W, Liang X, Dai P, Chen Y, Zhang Y, Zhang M, Lu L, Jin C and Lin X. (2019). Alteration 
of phenolic composition in lettuce (Lactuca sativa L.) by reducing nitrogen supply 
enhances its anti-proliferative effects on colorectal cancer cells. International 
Journal of Molecular Sciences 20(17): 4205. https://doi.org/10.3390/ijms20174205

https://doi.org/10.2298/HEMIND130222043Z
https://doi.org/10.3390/ijms20174205

