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The antioxidant properties of Lactuca sativa var. crispa L. (green oak and red oak lettuce) grown
under hydroponic and organic cultivation systems were compared using water and ethanol
extraction. The 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay was
implemented to explore the cytotoxicity of hydroponically grown green oak and red oak lettuce
ethanolic extracts toward the human liver cancer HepG2 cell line. Total flavonoid content (TFC)
in hydroponic green and red oak lettuce aqueous and ethanolic extracts was higher than in
organically grown lettuce. The TFC of hydroponic red oak lettuce extracted with ethanol was
2.92+0.10 mg GAE/g DW, higher than organically grown (1.73+ 0.09 mg GAE/g DW). The total
phenolic content (TPC) of organic lettuce was higher than lettuce grown hydroponically.
Antioxidant potential was assessed by the DPPH, ABTS, and FRAP assays. The antioxidant
potential of organic lettuce extracts was higher than hydroponically grown lettuce, indicating that
the action of the hydroponic system enhanced flavonoid contents, with hydroponic extracts
inhibiting cancer cell growth. The green oak lettuce extract had a moderate cytotoxic effect (ICso=
93.81+1.94 pg/mL), significantly stronger than the extract of red oak (ICso= 347.50+8.39 pg/mL)
exhibiting a very weak effect. Results showed that the hydroponic cultivation system stimulated
the production of flavonoids and enhanced the cytotoxicity of plant extracts toward the HepG2

cell line.

Keywords: Flavonoid, Antioxidant activity, Cytotoxicity, Hydroponic lettuce

Introduction

The World Health Organization advises at least 400 grams of
vegetables per day, which has propelled contemporary focus on healthy
eating of salads into the spotlight. Lettuce is rich in essential nutrients
including vitamins C and A, calcium, iron, carotene, folic acid, lutein,
phenols, and fiber.! Green and red lettuce are popular choices among
health-conscious individuals. Recent studies on lettuce have
investigated its antioxidant, phenolic, anthocyanin, and flavonoid
contents, revealing potential anticancer properties.? A diet abundant in
lettuce may contribute to reducing the risk of age-related diseases; an
effect attributed to its free radical scavenging activity.® The minimal
processing requirements and extended shelf life of lettuce have made it
a staple in salad bars and fast-food outlets, further enhancing its
perception as a healthy food choice.* Hydroponic technologies,
designed to optimize crop growth and minimize environmental impact,
have expanded cultivation areas globally. The problem of concern
arises from the consumption of lettuce harvested from hydroponic
systems, leading to health implications.®
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Comparing the antioxidant potential of organic and hydroponically
grown red oak and green oak lettuce, this study investigated whether
lettuce grown hydroponically possessed anticancer properties.
Whereas, organic farming, recognized for its sustainability and positive
impact on soil fertility, contrasts with the technological advancements
of hydroponic farming. This work aimed to test the effects of different
cultivation techniques on the antioxidant content of salad vegetables,
providing insights into the potential health benefits associated with
these popular farming practices.

Current understanding of the nutritional quality of hydroponically
grown lettuce has recently improved. Moreover, plant phytochemicals
can inhibit the growth of cancer cell lines.® Therefore, this study
examined the phytochemicals in hydroponically grown lettuce and their
cytotoxicity toward HepG2 cells, highlighting the broader implications
of hydroponic farming on human health risks associated with
consuming lettuce harvested from hydroponic systems. This research
study marked the first demonstration of the antioxidant capacity of
organic and hydroponic red oak lettuce, which exhibited anticancer
attributes.

Materials and Methods

Plant culture systems

Green and red oak lettuce varieties grown for 45 days in November to
December, 2023 in organic without chemical fertilizers and hydroponic
farming systems were obtained from a local farmer in Maha Sarakham
Province, Thailand (GPS location; Latitude: 16.1842 Longitude:
103.3003 16° 10" 38" N, 103° 18’ 3" E). Voucher numbers for collected
samples are BI0012023 for green oak lettuce and B10022023 for red
oak lettuce and archived at Department of Biology, Mahasarakham
University, Thailand.
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Plant extraction

The lettuce leaves were finely chopped using scissors. The samples
were dehydrated in a high-temperature oven set at 60°C for a duration
of 24 h, and subsequently pulverized into a fine powder using a mortar.
The powder was subsequently submitted to Soxhlet extraction using
either water or ethanol, while maintaining a temperature of 170°C for a
duration of 6 h. The extraction solution was evaporated using a rotary
evaporator (Heidolph Instruments, Schwabach, Germany) under
vacuum conditions. After being finished, the concentrated extract was
subjected to a hot air oven at a temperature of 50 °C for a duration of
12 h in order to complete the drying process.

DPPH radical scavenging test

This assay was conducted as described by Ijomal et al. (2023).” The
radical scavenging capacities of the lettuce extracts against the DPPH
radical were conducted. One hundred pL of extract or standard solution
was combined with 900 uL of 0.1 mM DPPH radical solution. The
absorbance of the triplicate mixtures at 515 nm was recorded after 30
min of dark reaction using UV-Vis spectrophotometer (Thermo Fisher
Scientific Inc. Waltham, MA, USA). The % inhibition was computed
as follows:

% Inhibition DPPH radical scavenging
_ Absorbance of blank -Absorbance of sample
= X 100

Absorbance of blank i . i
All the chemicals used were obtained from Sigma-Aldrich, MO, USA.

ABTS radical cation scavenging activity

The ABTS test was used (Long and Halliwell, 2001).8 One hundred pL
of lettuce extracts were combined with 900 uL of ABTSe+ solution
(prepared 0. 7 mM ABTSe+, 2.45 mM K2S20s in distilled water reacted
in darkness for 16 h) and allowed to react for 6 min. Azzum readings
were measured using UV-Vis spectrophotometer (Thermo Fisher
Scientific Inc. Waltham, MA, USA) in triplicate using Trolox as a
reference. Radical scavenging was computed using this equation:

% Inhibition ABTS radical scavenging

_ Absorbance of blank -Absorbance of sample

- Absorbance of blank i x 10_0 i
All the chemicals used were obtained from Sigma-Aldrich, MO, USA.

Ferric reducing antioxidant power (FRAP) assay

The ferric reducing ability was performed according to the FRAP
method as described by ljomal et al. (2023).” FRAP reagent (900 pL)
was combined with 100 pL ethanol aliquots of different concentrations
of lettuce extracts and reacted for 15 min at 37 °C. The absorbance
values of the resulting mixtures in triplicate were measured at 595 nm
using UV-Vis spectrophotometer (Thermo Fisher Scientific Inc.
Waltham, MA, USA). Trolox was used as a standard solution and the
reducing power of the samples increased with the absorbance values.
All the chemicals used were obtained from Sigma-Aldrich, MO, USA.

Determination of total phenolic content

Total phenolic content (TPC) was assayed as per Singleton et al.
(1999).° One hundred pL of the lettuce extracts were combined with
500 pL of 0.2 N Folin-Ciocalteu reagent and 400 pL of 7.5% wi/v
Na2COs and reacted for 30 min. A765 nm was observed using UV-Vis
spectrophotometer (Thermo Fisher Scientific Inc. Waltham, MA,
USA). The results in triplicate were displayed as gallic acid equivalent
(GAE) in mg per dry weight. All the chemicals used were obtained from
Sigma-Aldrich, MO, USA.

Determination of total flavonoid content

As explained by Chang et al. (2002)%, the aluminum chloride assay was
conducted to measure total flavonoid concentration (TFC). The mixture
of 100 pL lettuce extracts, 500 pL of 5% w/v NaNOz, and 400 L of
10% w/v AlCls was reacted for 15 min. Triplicate absorbance
measurements at 415 nm yielded quercetin equivalent (QE) in mg
quercetin dry weight. All the chemicals used were obtained from
Sigma-Aldrich, MO, USA.
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Cancer cell lines and cell cultures

The human hepatocellular carcinoma (HepG2) cell line was obtained
from the American Type Culture Collection (ATCC; Manassas, VA,
USA)and cultivated in Dulbecco’s Modified Eagle’s Medium
(DMEM) (Thermo Fisher Scientific, Inc. Waltham, MA, USA),
supplemented with 10% fetal bovine serum (Thermo Fisher Scientific,
Inc. Waltham, MA, USA) and penicillin, 100 pL/mL of streptomycin at
37 °C under 5% CO2. DMEM media for cell line culture were renewed
every 2 to 3 days until 80% confluency was reached. Cells were washed
with  10%  phosphate-buffered  saline (PBS), pH 7.2
before trypsinization with 0.25% Trypsin-EDTA. DMEM was added to
the cell lines and colonies were counted before use.

Cytotoxicity test

The ATCC (Manassas, VA, USA) human liver cancer cell line (HepG2)
was cultured in DMEM (Thermo Fisher Scientific Inc., Waltham, MA,
USA) with 10% fetal bovine serum, penicillin, and 100 pL/mL
streptomycin at 37 °C under 5% CO; and the cytotoxicity of the lettuce
extracts against HepG2 cells was tested using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay as per Luang-In et
al. (2021).1* The cytotoxicity of plant extracts was measured as cell
viability (%) [(A590nm) of treated cells)/(A590nm) of control cells x
100] and ICso value.

Statistical analysis

One-way analysis of variance (ANOVA) was used to identify
significant changes between treatment groups, and Duncan's multiple
range test (DMRT) was used to compare amongst treatments at p< 0.05.
The program IBM SPSS statistic version 26 (IBM, Armonk, NY, USA)
was used.

Results and Discussion

Determination of total flavonoid and total phenolic content

It was shown that the total flavonoid content of red oak lettuce grown
hydroponically was higher than organically grown lettuce, with ethanol
proving a suitable solvent. Hydroponic systems yielded higher TFC
levels, while organic systems exhibited higher TPC levels. Notably, the
hydroponic system demonstrated a tendency to generate higher TFC
compared to the organic system. The TFC values of organic green oak
lettuce cultivars extracted with water and ethanol (0.74+0.014 and
147+ 0.02 mg GAE/g DW, respectively) were lower than
hydroponically grown lettuce (0.95+0.004 and 1.66+0.04 mg GAE/g
DW, respectively) (Figure 1). Conversely, the highest TPC of water-
extracted red oak lettuce was observed under the organic cultivation
system and in green oak lettuce under the hydroponic system. The TPC
of green oak lettuce cultivars from the organic farm extracted with water
and ethanol (7.81+0.11 and 8.32+0.09 mg GAE/g DW, respectively)
was higher than from the hydroponic farm (7.11+0.95 and 6.30% 0.09
mg GAE/g DW, respectively). Water was identified as an effective
solvent for TPC (Figure 2). Hydroponically grown red oak lettuce
exhibited the highest TFC, surpassing red oak lettuce from organic
systems. The suitability of ethanol as a solvent for TFC was supported
by this outcome. This discrepancy in TPC and TFC highlights the
nuanced relationship between cultivation methods, solvents, and
antioxidant profiles.!? When tested with DPPH, water-extracted red oak
lettuce from organic farms demonstrated the most effective antioxidant
activity, closely followed by green oak lettuce under similar conditions.
This result aligned with the TPC findings, emphasizing the importance
of the cultivation environment. The TPC and antioxidant potential of
red lettuce were stronger than green lettuce.'® Because plant pigment
has a certain quantity of phenolics.* Fertilizer systems were found to
affect the phenolic profiles *°. Therefore, the hydroponic system may
increase total flavonoid content.'® Significant biological activities are
associated with flavonoids and other phenolic constituents due to their
antioxidant properties, specifically their capacity to eliminate free
radicals.'” Plant nutrient composition, including secondary metabolites,
may be influenced by fundamental distinctions between conventional
and organic production methods, particularly in regard to soil fertility
management.t” One prevalent illustration is the consequence of nitrogen
scarcity, which is recognized for its ability to stimulate flavonoid
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synthesis. Fertilizers containing soluble inorganic nitrogen and other
nutrients that are more readily accessible to plants are utilized in
conventional production systems.'®

Antioxidant activities

Notably, most organic lettuce extracts exhibited higher radical
scavenging activities than lettuce grown under hydroponic cultivation,
as determined by free-radical scavenging abilities against the 2,2-
diphenylpicrylhydrazyl radical (DPPH") and FRAP assays. The DPPH
assay showed the most significant levels for evaluating antioxidant
activity, followed by the ABTS and FRAP assays (Table 1). The ABTS
assay results revealed that organic red oak lettuce extracted with ethanol
exhibited the highest antioxidant activity, indicating that the choice of
solvent significantly impacted antioxidant outcomes. The unique
antioxidant activity profile observed in the organic ethanol extraction
system, especially with FRAP testing, further emphasized the intricate
relationship between cultivation practices, solvent selection, and
antioxidant responses.!® Results suggested an intriguing interplay
between cultivation methods and antioxidant properties in oak lettuce
extracts.? Water-extracted organic lettuce displayed the highest
antioxidant effects®, particularly evident in green oak lettuce. The
analysis of antioxidants revealed that the DPPH and FRAP values were
significantly higher in organically grown green and red lettuce cultivars

TFC (mg QE/g extract)
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compared to those produced hydroponically (p< 0.05). However, it is
worth noting that green oak lettuce extracts obtained through ethanol
extraction method and cultivated hydroponically exhibited a higher
ABTS value than those developed organically. ABTS is insoluble in
ethanol and DPPH and FRAP are probably more suitable for the
extraction of lettuces.?? Two cultivars from different growing
conditions were subjected to DPPH, ABTS radical scavenging, and
FRAP assay along with two extraction solvents to determine
antioxidant activity. The analysis of hydroponic and organic farms
revealed that the hydroponic lettuce exhibited markedly less antioxidant
activity compared to lettuce from the organic farm. Consistent with this
research, in Colombia, a country in South America, lettuce grown on
soil exhibited higher levels of DPPH scavenging compared to lettuce
grown in hydroponic systems, for both green and red lettuce varieties.?*
By contrast, lettuce from conventional cultivation recorded higher
antioxidant activities in DPPH and FRAP tests than organic lettuce.?®
The antioxidant activities were high in the ABTS assay of
hydroponically grown green and red lettuce because the quality of the
free radical scavenger is different. Geneva et al. (2021)?* reported that
NPK is essential for lettuce growth and increases antioxidant capacity.
They tested the FRAP assay but the DPPH assay showed less activity,
while we found that DPPH showed the highest activity. NPK was
shown to be essential for antioxidant activity.

u TFC of lettuce in hydroponic farm

®TFC of lettuce in organic farm

Figure 1: Total flavonoid content (TFC) of green and red oak lettuce cultivated in either an organic or a hydroponic farm and extracted
with water and ethanol.
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Figure 2: Total phenolic content (TPC) of green and red oak lettuce cultivated in either an organic or a hydroponic farm and extracted
with water or ethanol.
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Table 1: Antioxidant activities of green oak lettuce and red oak lettuce extracts from an organic farm and a hydroponic farm

Farm type Lettuce variety Solvent 1Cso (Mg/mL) 1Cso (Mg/mL) FRAP assay
DPPH assay ABTS assay (mg Trolox/g extract)

Green oak lettuce Water 0.08 + 0.00° 0.06 + 0.00° 3.52 +0.01¢

Organic farm Ethanol 0.47 +0.079 0.22 +0.09f 4.71 +0.05°
Red oak lettuce Water 0.12 +0.00° 0.04 £ 0.00? 2.983 £0.07°

Ethanol 0.13 £ 0.00°¢ 0.04 £ 0.00? 6.71 +0.102

Green oak lettuce Water 0.23 £ 0.00° 0.10+0.00°¢ 1.33£0.01°

Hydroponic farm Ethanol 0.74 +£0.11" 0.10 £0.00°¢ 4.66 +0.09°

Red oak lettuce Water 0.17 +0.00¢ 0.08 +0.00° 0.89 +0.03f

Ethanol 0.39 + 0.00f 0.09 + 0.00¢ 3.92 +0.05°

Values with different superscripts in each column are significantly different at p <0.05
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Figure 3: Cell viability of human liver Hep2 cancer cells treated with plant extract for 24 h. (A) Green oak extract. (B) Red oak extract.
* Indicates significant differences from the control cells (no extract) (p < 0.05).

In addition, red oak lettuce extracted in water and also in alcohol had
stronger radical scavenging activity than green oak lettuce?. Green oak
lettuce showed the highest antioxidant activity for the DPPH assay. Red
oak lettuce grown organically scored the highest for water extraction in
the ABTS assay. By contrast, red lettuce scored the highest value of
FRAP or ABTS.? Antioxidants are a large group of chemicals
consisting of both polar and nonpolar compounds. Polar and non-polar
molecules have different activities and their existence must be
considered when selecting the appropriate solution. 27

Cytotoxicity

The results showed a concentration-dependent decline in the viability
of HepG2 cells, which was statistically significant (p<0.05). The red
oak lettuce extract exhibited minimal cytotoxicity (ICso = 347.50+8.39
pg/mL) against human liver Hep2 cancer cells (Figure 3A). The extract
of green oak lettuce exhibited a higher level of cytotoxicity, resulting in
reduced cell viability. This effect was observed as doses increased, with
an ICso equal to 93.81+1.94 pg/mL, indicating a moderate impact. This
is illustrated in Figure 3B.

This higher cytotoxicity of green oak lettuce extract may be due to
higher contents of particular specific compounds responsible for
anticancer effects. Dark-colored chlorophyll pigments found in green
lettuce varieties may protect against certain malignancies including
colon and liver cancers. When comparing the cytotoxicity of the green
oak lettuce extract with a recent report %, this result showed effect of
<20% cell viability at 0.8 mg/mL dose against HepG2 was stronger than
the cytotoxic attribute of hydroponically and soil-cultivated lettuce of
1 mg/mL dose against HepG2, showing 28.6% cell viability and 33.2%
cell viability, respectively. Our study results underscore the complexity
of antioxidant properties in oak lettuce extracts, with cultivation
methods and solvent choices playing pivotal roles. While water
extraction in organic systems tended to enhance TPC and antioxidant
effects, the hydroponic system gave higher TFC production. The

antioxidant activity varied depending on the specific assay and the
solvent used, emphasizing the need for a more comprehensive
understanding of these factors when evaluating the overall antioxidant
potential of oak lettuce extracts.

Conclusion

The hydroponic system with red oak lettuce efficiently enhanced TFC
and the derived lettuce extracts inhibited cancer cell growth by decrease
in the viability of HepG2 cells. This finding aligned with the general
trend observed in TPC analysis, while using water as a solvent for TPC
was more effective than ethanol. A new finding is the hydroponic
cultivation system can stimulate the production of flavonoids and
enhanced the anticancer attribute of lettuce extracts towards HepG2
cancer cells.
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