
Natural Product Sciences

31(4) : 267-277 (2025)

https://doi.org/10.20307/nps.2025.31.4.267

267

Quantitative HPLC-DAD Analysis of Gallic and Ellagic Acids and 

UVB-Protective Effects of Solvent Extracts of Quercus acuta Fruits

Haeju Ko1,2, Ji-Ae Hong1, Dong-Sung Lee2,3, Hwan Lee1, Yonguk Kim1, and Donghyuck Bae1,*

1Jeonnam Institute of Natural Resources Research (JINR), Jeonnam Bio Foundation, Jangheung-gun 59338, Republic of Korea 
2Department of Food and Drug, Chosun University Graduate School, Dong-gu, Gwangju 61452, Republic of Korea

3Research Institute of Pharmaceutical Sciences (RIPS), College of Pharmacy, Chosun University, Dong-gu, 

Gwangju 61452, Republic of Korea

Abstract – Quercus acuta Thunb. (Q. acuta) is a subtropical, evergreen, broad-leaved tree with excellent carbon
sequestration capacity and ecological adaptability. However, the phytochemical composition of fruits, particularly
phenolic marker compounds, has not been sufficiently investigated. In this study, the biological activities of water
and ethanol extracts of Q. acuta fruits were evaluated, and a high-performance liquid chromatography with diode
array detection (HPLC-DAD)-based method for the quantification of marker compounds was established and
validated. MTT assays showed no cytotoxicity at concentrations of 5–20 μg/mL, and the water extract significantly
inhibited UVB-induced MMP-1 expression in HaCaT keratinocytes. Gallic acid and ellagic acid in Q. acuta

fruits were confirmed as marker compounds, and the validated method demonstrated excellent linearity (R² >
0.999), recovery, and precision (RSD < 2.0%). Quantitative analysis revealed that the water extract contained
higher levels of phenolic compounds compared with the 70% and 100% ethanol extracts. These findings support
the stability and biological efficacy of phenolic marker compounds in aqueous environments and suggest the
potential industrial applications of Q. acuta fruit extracts.
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Introduction

Climate change is expected to significantly alter the climatic

suitability of arable land, affecting the spatial distribution

and diversity of global food crops. Consequently, the

ability to adapt to these changes and develop mitigation

strategies is becoming increasingly important.1 Tree species

in subtropical regions play a crucial role in climate

mitigation due to their excellent carbon sequestration and

storage capabilities.2 Q. acuta (Japanese evergreen oak,

Quercus acuta Thunb.) is a subtropical evergreen broad-

leaved tree native to Korea and Japan. It is primarily

distributed along the coastal regions of Jeollanam-do

Province and Jeju Island, with the Wando region accounting

for approximately 18% of the domestic subtropical

evergreen forest area.3–4 Plants of the genus Quercus have

traditionally been used for the treatment of diarrhea,

menorrhagia, and various inflammatory disorders, while

galls have been applied for the treatment of wounds and

burns.5–7 Various parts of Q. acuta have been reported to

possess diverse bioactivities, including antioxidant, anti-

inflammatory, antimicrobial, and antiviral effects.8-11 Major

phytochemical constituents include catechin, isoquercitrin,

taxifolin, fraxin, chlorogenic acid, galloyl protoquercetin,

and gallic acid9,12–13 In our previous study, gallotannins

and ellagic acid were identified as marker compounds in

the water extract of Q. acuta fruits, and the extract was

shown to inhibit the expression of matrix metalloproteinase-1

(MMP-1), a key enzyme involved in skin aging, thereby

exhibiting anti-photoaging effects.14 

Tannins are high-molecular-weight polyphenolic com-

pounds widely found in Quercus fruits, exhibiting anti-

oxidant, antimicrobial, anti-inflammatory, and UV-protective

activities.14–16 They can be broadly classified into

hydrolyzable and condensed tannins.17 However, due to

their complex polymeric structure, direct quantification of

tannins in Q. acuta fruits is challenging. Therefore, they are

commonly hydrolyzed into low-molecular-weight compounds

such as gallic acid for indirect quantification.18 At present,
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there is no validated analytical method available for the

quantification of these marker compounds in Q. acuta fruits.

In this study, extraction conditions using various solvents

were optimized, and the biological efficacy of Q. acuta

fruit extracts was evaluated by assessing MMP-1 expression

inhibition in UVB-irradiated HaCaT keratinocytes. In

addition, a reliable high-performance liquid chromatography

with diode array detection (HPLC-DAD) method was

developed and validated for quantifying the marker

compounds, gallic acid and ellagic acid. This approach

provides scientific evidence for the quality standardization

and industrial application of Q. acuta fruit extracts, while

simultaneously offering foundational data supporting their

potential as a natural source of bioactive tannins.

Experimental

Plant material – The fruits of Q. acuta were collected

from Wando-gun, Jeollanam-do, Republic of Korea, where

this species naturally regenerates. Voucher specimens of

the fruit (JBF1201) and extract (JBF2202) were preserved

at the Natural Resources Research Laboratory of the

Jeonnam Bioindustry Foundation (JBF), Korea. The Q.

acuta fruit was authenticated by Dr. Yonguk Kim. The

fruits (1 kg) were washed to remove impurities, air-dried,

and ground into fine powder for subsequent experiments.

For extraction, 30 g of the powder was refluxed with

600 mL of distilled water at 100°C for 3 h. Similarly, 30 g

of the powder was extracted with 600 mL of 70% (v/v) or

100% ethanol at 70°C for 3 h. The resulting extracts were

freeze-dried at −45°C for three days. The extraction yields

using water, 70% (v/v) ethanol, and 100% ethanol were

12.42%, 12.07%, and 7.45%, respectively. 

Analytical instruments and equipment – The gallic

and ellagic acid standards were purchased from Sigma-

Aldrich (St. Louis, MO, USA). HPLC-grade acetonitrile and

water were purchased from J. T. Baker (Phillipsburg, NJ,

USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) was obtained from Sigma-Aldrich (St.

Louis, MO, USA). The Human MMP-1 ELISA kit was

obtained from R&D Systems (Minneapolis, MN, USA).

Dulbecco’s modified Eagle medium (DMEM), fetal bovine

serum (FBS), phosphate-buffered saline (PBS), penicillin,

and streptomycin were purchased from Gibco (Carlsbad,

CA, USA). All additional reagents and chemicals used in

the experiments were of analytical grade and were suitable

for laboratory use.

Preparation of standard solutions – Gallic acid (100 mg)

and ellagic acid (100mg) were accurately weighed and

dissolved in 100% methanol by sonication for 30 min, and

then diluted to a final volume of 100 mL in a volumetric

flask. This stock solution was further diluted with 100%

methanol to prepare working standard solutions in the

concentration range of 1–300 µg/mL. The solutions were

filtered through a 0.22 µm membrane filter prior to analysis.

Preparation of sample solutions – The aqueous powder

extract (200 mg) of Quercus acuta fruit was weighed and

dissolved in 50% (v/v) methanol, followed by sonication

for 60 min. The solution was brought to a final volume of

100 mL in a volumetric flask and initially filtered through

a 0.45 μm membrane to remove insoluble particles. To

ensure reproducibility and consistency with the method

validation, all samples, including the extracts, were filtered

through a 0.22 μm membrane immediately prior to HPLC

analysis.

HPLC analytical conditions – Chromatographic

separation was performed on a Waters HPLC system

(e2695) equipped with a 2998 photodiode array detector

(Waters Corporation, Milford, MA, USA) and a YMC

Triart C18 column (4.6 × 250 mm, 5 µm, YMC, Kyoto,

Japan). The mobile phase consisted of solvent A

(acetonitrile) and solvent B (0.1% (v/v) formic acid in

water). The gradient program was as follows: 98–95% B

(0–3 min), 95% B (3–15 min), 95–89% B (15–40 min),

89–77% B (40–50 min), 77–57% B (50–65 min), 57–

51% B (65–68 min), and 0% B (68–70 min), followed by

re-equilibration at 98% B (70–75 min). The flow rate was

1.0 mL/min, injection volume 10 µL, and the column

temperature 30°C. Detection was carried out at 254 nm,

and data were acquired and processed using Empower 3

software.

HaCaT keratinocyte culture – HaCaT keratinocytes

were cultured in Dulbecco’s modified DMEM medium

(Gibco, Thermo Fisher Scientific, Waltham, MA, USA)

supplemented with 10% FBS and 1% penicillin-streptomycin

(Gibco). The cells were maintained at 37°C in a humidified

incubator with 5% CO₂ to ensure optimal growth conditions.

UVB irradiation – The cells were exposed to UV-B

using a UVM-225D MineraLight UV lamp (UVP Inc.,

Phoenix, AZ, USA) at a wavelength of 302 nm. The

irradiation dose was quantified using a UV meter (HD2102-

2; Delta OHM, Italy) and the cells were subjected to a

UVB dose of 30 mJ/cm.

Cell viability assay – To evaluate the cytotoxicity and

cell viability, an MTT assay was performed. HaCaT

keratinocytes were seeded in 96-well plates at a density

of 0.5 × 10⁵ cells per well and incubated for 24 h. Cells

were then treated with extracts of Q. acuta fruits at
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concentrations of 5, 10, 20, and 50 µg/mL. After 24 h of

treatment, MTT solution (0.5 mg/mL in DMEM) was

added to each well and incubated for 4 h at 37°C. After

incubation, the supernatant was carefully removed, and

dimethyl sulfoxide (DMSO) was added to dissolve the

resulting formazan crystals. The absorbance was measured

at 540 nm using a microplate reader.

ELISA for MMP-1 quantification – The concentration

of MMP-1 released into the culture medium was quantified

using a commercial ELISA kit (R&D Systems, Minneapolis,

MN, USA) according to the manufacturer’s instructions.

Statistical analysis – All results are presented as the

mean ± standard deviation (SD). Statistical comparisons

between groups were conducted using one-way analysis

of variance (ANOVA), followed by Dunnett’s post-hoc test,

using GraphPad Prism software (version 5.0; GraphPad,

USA). The statistical significance was set at p < 0.05. The

significance relative to untreated control cells is indicated

as #p < 0.05, ##p < 0.01, and ###p < 0.001, and thesignificance

relative to UVB-treated cells is denoted as *p < 0.05,

**p < 0.01, and ***p < 0.001.

Specificity – To evaluate the specificity of the marker

compounds, gallic acid and ellagic acid, in the water

extract of Q. acuta fruit, HPLC chromatograms of the

standard and sample solutions were analyzed. The specificity

was assessed by comparing the separation (resolution),

retention times, and UV spectra corresponding to the peaks.

Linearity, limit of detection (LOD), and limit of

quantification (LOQ) – The linearity of the method was

evaluated using six concentrations of each standard

compound: gallic acid (1–300 µg/mL) and ellagic acid

(1–300 µg/mL). Each concentration was measured in

triplicate to confirm the reproducibility and calculate the

coefficient of determination (R2). The LOD and LOQ

were determined based on the standard deviation of the

response (σ) for the y-intercept and the mean slope (S) of

the calibration curve obtained from three measurements,

as follows.

Accuracy and recovery – Accuracy refers to the

closeness of a measured value obtained using a test method

to the true or standard value. It was assessed using the

standard addition method, in which known amounts of

standard solutions were added to the test samples, and

evaluated by calculating the recovery rate (%) from repeated

analyses. Specifically, gallic acid was added to solutions

of the water and 100% ethanol extracts of Q. acuta fruits

(1 mg/mL) at 25, 50, and 100 µg/mL, and to the 70%

ethanol extract (1 mg/mL) at 12, 25, and 50 µg/mL. Ellagic

acid was added to all three extracts at 5, 10, and 20 µg/mL.

The resulting mixtures were filtered through a 0.22 µm

membrane filter and analyzed in triplicate (n = 3).

Precision – The precision was evaluated by assessing

intra-day (repeatability) and inter-day (intermediate precision)

variations. Repeatability was determined by analyzing

each sample solution in triplicate within a single day,

while reproducibility was assessed over three consecutive

days, with three replicates per day, performed by different

analysts. The sample solutions of the water, 70% ethanol,

and 100% ethanol extracts of Q. acuta fruits were prepared

at low, medium, and high concentrations and filtered

through a 0.22-µm membrane filter prior to analysis. (n = 3).

Quantification of marker compounds in extracts –

A validated analytical method was used to determine and

compare the gallic acid and ellagic acid contents in the

water, 70% (v/v) ethanol, and 100% ethanol extracts of

Q. acuta fruit powder. Each extract was dissolved to a final

concentration of 1 mg/mL and each sample was analyzed

in triplicate (n = 3).

Results and Discussion

We previously evaluated the protective effects of water

extract of Q. acuta fruit against UVB-induced cytotoxicity

in HaCaT keratinocytes.14 In this study, the investigation

is extended to include 70% (v/v) and 100% (v/v) ethanol

extracts of Q. acuta fruit. The cytotoxic effects of UVB

and the water, 70% (v/v) ethanol, and 100% ethanol

extracts of Q. acuta on HaCaT keratinocytes were

evaluated via MTT assay. Treatment with Q. acuta extract

did not cause marked cytotoxicity for 24 h (Fig. 1A).

Thus, for further cell-based experiments, the extracts were

used at concentrations of 5–20 μg/mL. As shown in Fig. 1B,

exposure to UVB radiation (30 mJ/cm2) markedly

decreased the viability of HaCaT keratinocytes to 77.67%

± 1.75% relative to the untreated control. Treatment with

the water extract significantly restored the cell viability in

a concentration-dependent manner to 81.28% ± 0.93%,

85.11% ± 1.80%, and 91.87% ± 1.21% at 5, 10, and 20

μg/mL, respectively. Similarly, the 70% (v/v) ethanol

extract improved the cell viability to 79.41% ± 1.46%,

83.09% ± 1.48%, and 86.07% ± 1.03% at the respective

concentrations, whereas the 100% ethanol extract restored it

to 78.70% ± 1.43%, 80.10% ± 1.70%, and 83.45% ± 0.72%,

respectively. The water extract exhibited pronounced

protective effects against UVB-induced cytotoxicity. The

effect of the extract on UVB-induced MMP-1 expression

in HaCaT keratinocytes was also investigated. UVB

irradiation markedly elevated the MMP-1 levels to
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209.23% ± 3.71% relative to that of the control. According

to the ELISA results, treatment with the water extract of

Q. acuta significantly suppressed this increase in a dose-

dependent manner, reducing the MMP-1 expression to

196.96% ± 4.14%, 184.05% ± 5.23%, and 164.14% ± 5.71%

at 5, 10, and 20 μg/mL, respectively. The 70% (v/v) ethanol

extract reduced the expression of MMP-1 to 206.02% ±

4.17%, 197.91% ± 5.11%, and 183.35% ± 6.22%, whereas

the 100% ethanol extract led to levels of 203.45% ± 4.51%,

198.31% ± 4.67%, and 190.16% ± 3.42% at the corresponding

concentrations (Fig. 1C). Among the tested extracts, the

aqueous extract most effectively inhibited the UVB-induced

expression of MMP-1 (Fig. 1).

In our previous study, the water extract of Q. acuta

fruits was found to contain gallotannin and ellagic acid as

the main marker compounds.14 Gallotannin is a polymeric

compound formed by the esterification of gallic acid with

a sugar moiety.19 For quantification, the analytical method

was modified based on previous procedures. Gallotannin

is generally quantified after conversion to gallic acid, a

low-molecular-weight compound.18 According to Rashid,20

gallic acid is a heat-sensitive, naturally occurring aromatic

carboxylic acid that exhibits reduced stability at elevated

temperatures. Therefore, the column temperature was

lowered from 35°C to 30°C.21 Based on the UV absorbance

characteristics of gallic acid, the mobile phase was

changed from methanol to acetonitrile, and the analytical

conditions were optimized accordingly. Accordingly, gallic

acid was employed as a surrogate standard in this study,

while ellagic acid was selected as the indicator compound.

Both gallic acid and ellagic acid were consistently detected

in the water extract. Furthermore, comparison of the peak

areas revealed that the water extract contained higher

concentrations of both compounds than the 70% (v/v) and

100% ethanol extracts. These findings are consistent with

previous reports indicating that water extraction provides

better recovery and reproducibility than methanol for

hydrolyzable compounds such as gallic and ellagic acids

Fig. 1. Comparison of effects of water, 70% (v/v) ethanol, and 100% ethanol extracts of Q. acuta fruit on cell viability, proliferation, and
MMP-1 production in UVB-irradiated HaCaT keratinocytes. (A) HaCaT keratinocytes were treated with extracts of Q. acuta fruit (water
extract, 70% (v/v) ethanol extract, and 100% ethanol extract) at the indicated concentrations for 24 h, and cell viability was assessed using
the MTT assay. (B) After UVB irradiation, the cells were treated with Q. acuta fruit extracts (water extract, 70% (v/v) ethanol extract, and
100% ethanol extract) at the specified concentrations for 24 h, followed by evaluation of the cell viability using the MTT assay. (C) Cells
were seeded and pretreated with Q. acuta extracts at concentrations of 5, 10, and 20 µg/mL, then exposed to UVB and cultured for an
additional 24 h. The concentration of MMP-1 released into the culture medium was quantified using an ELISA assay. All data are
presented as the mean ± standard deviation (SD). n = 3 independent experiments, *p < 0.05, **p < 0.01, ***p < 0.001 versus control
group; #p < 0.05, ##p < 0.01, ###p < 0.001 versus UVB-treated group.
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from chestnut wood, even if the total polyphenol content

is lower.17 Overall, the results of this study confirmed that

water extraction is more effective than ethanol extraction

for isolating water-soluble polyphenols from Q. acuta fruits

(Fig. 2).

Specificity refers to the ability of an analytical method

to measure a target analyte accurately in the presence of

other components.22 Gallic and ellagic acid standards were

detected at retention times of approximately 10.58 and

40.98 min, respectively (Fig. 3). These retention times are

consistent with those observed for the sample extracts.

Furthermore, the UV spectra of the sample solutions

matched those of the corresponding standards (Fig. 4).

Comparison of the chromatograms of the standard solutions

and the water extract of Q. acuta fruit demonstrated that

the peaks corresponding to gallic and ellagic acids were

well separated and were not affected by co-eluting or

interfering substances, thereby verifying the specificity of

the method. The linearity was assessed using standard

solutions at six concentration levels: 2.5–300 µg/mL for

gallic acid and 2.5–300 µg/mL for ellagic acid. Each

measurement was performed in triplicate to assess the

margin of error. According to the ICH guidelines, the

correlation coefficient (R²) of the calibration curve must

exceed 0.99.22 The calibration curve for gallic acid was

described by the equation y = 20,026x – 2,564 with an R²

value of 0.9997, indicating excellent linearity. Similarly,

ellagic acid afforded a calibration curve of y = 115,525x +

75,824 with an R² value of 0.9999. The results demonstrate

high linearity, with R² values greater than or equal to

0.999. Based on the linearity results, the LOD and LOQ

for gallic acid were determined to be 0.53 and 1.59 µg/mL,

respectively, whereas the corresponding values for ellagic

acid were 0.48 and 1.45 µg/mL. These results confirmed

that both compounds could be reliably detected and

quantified, even at trace levels (Table 1). The accuracy

reflects the degree of agreement between the experimental

value and the true or accepted reference values. In this

study, the accuracy was assessed by calculating the

recovery rate and relative standard deviation (RSD) based

on replicate measurements of the samples spiked with a

known amount of analyte.22 The concentrations of gallic

and ellagic acids in the water, 70% (v/v) ethanol, and

100% ethanol extracts of Q. acuta fruits were used to

define low, medium, and high spike levels. Each extract

was spiked with standard solutions of gallic and ellagic

acids and analyzed in triplicate. Recovery rates of gallic

acid ranged from 98.62% to 100.36%, and those of

ellagic acid ranged from 98.39% to 100.13% across all

extracts and spike levels, with RSDs below 2%. According

to AOAC guidelines, acceptable recovery rates range

from 90–107%.22 These results demonstrate that the

developed HPLC method is reliable and accurate for the

simultaneous quantification of gallic and ellagic acids in

Q. acuta fruit extracts (Table 2). Precision refers to the

degree of agreement between measured values when

multiple measurements are obtained from a homogeneous

sample under specified conditions. It assesses the

repeatability (intra-day precision) of results from repeated

measurements of the same sample under identical

conditions, as well as the intermediate precision (inter-day

precision) of measurements within the same laboratory,

considering factors such as different analysts, experimental

days, instruments, and equipment.22–24 The intra- and

inter-day precision for the quantification of gallic and

ellagic acids in all extracts was evaluated at low, medium,

and high concentrations through at least three replicate

experiments. Intra-day precision, expressed as RSD, ranged

from 0.22% to 1.09% for gallic acid and from 0.12% to

1.88% for ellagic acid (Table 3). Inter-day RSD values

Fig. 2. Chemical structures of (A) gallic acid and (B) ellagic acid.

Table 1. Linearity, limit of detection (LOD), and limit of quantification (LOQ) of gallic acid and ellagic acid (n = 3)

Compounds
Linear range

(µg/mL)
Linear equation

Correlation coefficient
(R2)

LOD
(µg/mL)

LOQ
(µg/mL)

Gallic acid 2.5–300 y = 20,026 x − 2564.24 0.9997 0.53 1.59

Ellagic acid 2.5–300 y = 115,525 x + 75,824 0.9999 0.48 1.45
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Fig. 3. Representative HPLC-DAD chromatograms of Q. acuta fruit extracts using (A) gallic acid and (B) ellagic acid standards, and
extracts obtained with (C) water, (D) 70% (v/v) ethanol, and (E) 100% ethanol. The retention times of the gallic acid and ellagic acid
standards were 10.28 min and 40.53 min, respectively. In the extracts, the retention times were 10.45 and 40.88 min for the water extract,
10.46 and 40.91 min for the 70% ethanol extract, and 10.46 and 40.89 min for the 100% ethanol extract.
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Fig. 4. Ultraviolet-visible spectrum (UV spectrum) of gallic acid and ellagic acid standards and Q. acuta fruit extracts. (A) gallic acid
standard, (B) ellagic acid standard, (C) gallic acid in water extract, (D) ellagic acid in water extract, (E) gallic acid in 70% ethanol extract,
(F) ellagic acid in 70% ethanol extract, (G) gallic acid in 100% ethanol extract, (H) ellagic acid in 100% ethanol extract.
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Table 2. Accuracy of gallic acid and ellagic acid quantification in the water, 70% ethanol, and 100% ethanol extracts of Q. acuta fruit,
expressed as recovery (n = 3)

Extracts Compounds
Spiked conc.

(μg/mL)
Observed conc.

(μg/mL)
Average recovery

(%)
RSD 
(%)

Water extract of 
Q. acuta fruit

Gallic acid

25 23.48 98.85 0.70

50 47.66 100.35 0.49

100 95.34 100.36 0.40

Ellagic acid

5 4.70 98.90 0.75

10 9.47 98.76 1.53

20 19.03 100.13 0.19

70% Ethanol extract of 
Q. acuta fruit

Gallic acid

12 11.24 98.62 1.38

25 23.77 100.06 1.71

50 47.23 99.42 0.70

Ellagic acid

5 4.70 98.76 0.18

10 9.41 99.04 1.32

20 19.01 100.04 0.14

100% Ethanol extract of 
Q. acuta fruit

Gallic acid

25 23.43 98.66 0.73

50 46.99 98.92 0.43

100 93.21 98.11 0.07

Ellagic acid

5 4.67 98.39 1.27

10 9.38 98.74 1.50

20 18.75 98.66 0.54

Table 3. Evaluation of repeatability in the quantification of gallic acid and ellagic acid in all extracts of Q. acuta fruit (n = 3)

Intra-Day Precision

Extracts Compounds Sample contents (μg/mL) Contents average (mg/g) RSD (%)

Water extract of 
Q. acuta fruit

Gallic acid
(mg/g)

30 55.81 0.22

60 55.80 0.25

120 54.12 0.23

Ellagic acid
(mg/g)

30 11.85 0.58

60 12.44 0.61

120 11.94 0.12

70% Ethanol extract of 
Q. acuta fruit

Gallic acid
(mg/g)

30 24.33 0.49

60 24.49 1.09

120 23.95 0.58

Ellagic acid
(mg/g)

30 9.95 1.67

60 10.57 1.50

120 10.33 1.37

100% Ethanol extract of 
Q. acuta fruit

Gallic acid
(mg/g)

30 43.43 0.51

60 42.58 0.72

120 41.06 1.02

Ellagic acid
(mg/g)

30 12.07 0.27

60 12.32 0.87

120 10.10 1.88
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ranged from 0.22% to 1.91% for gallic acid and from

0.19% to 1.76% for ellagic acid (Table 4–6). As RSD

values below 2% are generally considered acceptable for

analytical precision,23 these results confirm that the method

exhibits excellent precision for the quantification of both

compounds (Table 3–6).

Using the validated analytical method, the gallic and

ellagic acid contents in the water, 70% (v/v) ethanol, and

100% ethanol extracts of Q. acuta fruits were quantified.

The concentrations of gallic acid and ellagic acid were

55.49 and 12.53 mg/g in the water extract, 24.65 and

10.57 mg/g in the 70% (v/v) ethanol extract, and 42.67

and 12.48 mg/g in the 100% ethanol extract, respectively.

The RSD values for gallic acid and ellagic acid were

0.56% and 0.35% in the water extract, 0.44% and 0.30%

in the 70% (v/v) ethanol extract, and 0.48% and 0.89% in

the 100% ethanol extract, respectively (Table 5). These

results confirmed that gallic acid content was significantly

higher in the water extract than in the ethanolic extracts,

while ellagic acid showed no significant difference among

the water, 70% (v/v) ethanol, and 100% ethanol extracts.

In addition, a supplementary time-dependent experiment

of high-temperature water extraction showed that the

recovery of both marker compounds increased with

extraction time, although the rate of increase slowed

around 5 hours. These findings support that water extraction

is effective for obtaining key phenolic compounds and

may have practical implications for future applications.

Gallic acid, a low-molecular-weight compound derived

from gallotannin, was identified as a marker alongside ellagic

Table 4. Evaluation of intermediate precision (inter-day precision) in the quantification of gallic acid and ellagic acid in the water extract
of Q. acuta fruit (n = 3)

Inter-Day Precision

Gallic acid Ellagic acid

Day
Sample contents 

(μg /mL)
Contents average 

(mg/g)
RSD 
(%)

Sample contents 
(μg/mL)

Contents average 
(mg/g)

RSD 
(%)

1

30 55.61 0.50 30 10.89 0.72

60 56.32 0.30 60 11.83 0.32

120 55.81 0.26 120 12.21 0.19

2

30 55.38 0.30 30 10.62 0.87

60 55.45 0.30 60 11.24 0.43

120 55.46 0.59 120 11.86 0.84

3

30 56.25 0.22 30 10.75 0.40

60 56.06 0.29 60 11.49 0.22

120 56.11 0.41 120 11.84 0.90

Table 5. Evaluation of intermediate precision (inter-day precision) in the quantification of gallic acid and ellagic acid in the 70% ethanol
extract of Q. acuta fruit (n = 3)

Inter-Day Precision

Gallic acid Ellagic acid

Day
Sample contents 

(μg/mL)
Contents average 

(mg/g)
RSD 
(%)

Sample contents 
(μg/mL)

Contents average 
(mg/g)

RSD 
(%)

1

30 24.89 0.51 30 10.46 1.76

60 23.97 0.71 60 10.56 0.88

120 23.08 0.35 120 10.12 0.69

2

30 24.87 0.94 30 10.49 0.43

60 23.88 1.91 60 10.45 0.55

120 22.78 1.04 120 10.20 1.01

3

30 24.10 0.55 30 9.84 0.87

60 22.94 0.72 60 9.97 0.62

120 22.89 0.27 120 9.89 0.33
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acid, and, despite being common compounds, they were

selected as suitable markers for industrial quality control

purposes. A stable analytical method was successfully

developed and validated. Comparative analysis revealed

that water-soluble compounds showed good recovery and

reproducibility in the aqueous extract. Furthermore, the

water extract significantly inhibited UVB-induced MMP-1

expression in HaCaT keratinocytes, supporting its biological

relevance. Although gallic acid and ellagic acid are the

major phenolic compounds in Quercus acuta extracts,

overall bioactivity, including cell viability and MMP-1

inhibition, may be influenced by other bioactive constituents

such as flavonoids and tannins. Therefore, the observed

activity is likely attributable to synergistic effects among

multiple compounds rather than to individual phenolics

alone.

While various unidentified peaks were observed in the

chromatograms, most are likely hydrolysis products of

hydrolyzable tannins, making structural elucidation of

individual secondary metabolites challenging. Notably,

the water extract provided reliable quantitative data for

gallic acid and ellagic acid. The purpose of this study was

to quantify marker compounds under practical extraction

conditions rather than to achieve complete hydrolysis of

tannins. Although partial hydrolysis may occur during high-

temperature water extraction, the extraction temperature

of 100°C was selected to simulate the real preparation

process of hot-water extracts, which are widely used in

functional food and cosmetic formulations.

These findings support the potential application of

Q. acuta fruit water extracts in further biological and

industrial studies. Further investigations employing advanced

analytical techniques are warranted to explore the complete

metabolic profile of the fruit.
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Table 6. Evaluation of intermediate precision (inter-day precision) in the quantification of gallic acid and ellagic acid in the 100% ethanol
extract of Q. acuta fruit (n = 3)

Inter-Day Precision

Gallic acid Ellagic acid

Day
Sample contents 

(μg/mL)
Contents average 

(mg/g)
RSD 
(%)

Sample contents 
(μg/mL)

Contents average 
(mg/g)

RSD 
(%)

1

30 41.57 1.32 30 10.92 0.86

60 41.19 1.66 60 11.77 1.12

120 39.37 1.39 120 11.46 0.42

2

30 41.30 0.74 30 11.33 1.06

60 41.21 1.21 60 11.92 0.81

120 39.45 0.36 120 10.55 1.35

3

30 41.51 0.49 30 11.39 0.56

60 41.27 1.99 60 11.94 1.21

120 39.63 1.13 120 10.18 0.68

Table 7. Comparison of gallic acid and ellagic acid contents in water, 70% (v/v) ethanol, and 100% ethanol extracts of Q. acuta fruit
(n = 3) and RSD (%) values

Gallic acid Ellagic acid

Extract Average Content (mg/g) RSD (%) Average Content (mg/g) RSD (%)

Water 55.49 0.56 12.53 0.35

70% EtOH 24.65 0.44 10.57 0.30

100% EtOH 42.67 0.48 12.48 0.89
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