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Abstract
This study aimed to investigate the potential of Mangifera indica L. seed kernel extract, which is highly discarded by the 
global food processing industry, as a multifunctional bioactive ingredient for nutraceutical and cosmeceutical applications. 
Different extracting solvents were utilized, the extracts were then tested for their antioxidant activities using DPPH, ABTS 
radical scavenging assays, and inhibition of lipid peroxidation. Additionally, total phenolic content (TPC), total flavonoid 
content (TFC), and gallic acid content were elucidated using Folin–Ciocalteu and aluminum chloride colorimetric assays, 
as well as high performance liquid chromatography. The hydroethanolic extract (KMHE) exhibited the highest percentage 
yield, with the highest antioxidant activity owing to its high phenolic content. KMHE consisted of 773.66 ± 9.42 mg GAE/g 
extract in TPC, 36.20 ± 4.20 mg RU/g extract in TFC. Additionally, gallic acid was shown to be a major constituent of 
KMHE. KMHE was investigated for anti-tyrosinase, anti-hyaluronidase, anti-MMP-2, and anti-MMP-9 activities. Moreover, 
the anti-inflammatory effects of KMHE were studied in RAW 264.7 cells induced by nitric oxide and KMHE was shown to 
prevent DNA damage, indicating an inhibitory effect on cellular aging. KMHE showed outstanding anti-tyrosinase activity 
and was as potent an anti-hyaluronidase as gallic acid. Additionally, our results reveal notable anti-MMP-2 and anti-MMP-9 
effects that were not significantly different from those of gallic acid. Furthermore, KMHE demonstrated 61.54 ± 2.39% nitric 
oxide inhibition, with no cytotoxic effects, in RAW264.7 cells, and also prevented DNA damage in the human fibroblast BJ 
cell line with no cytotoxic effects. Therefore, KMHE could be a promising, natural multifunctional bioactive compound for 
nutraceutical and cosmeceutical applications.
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Introduction

Skin aging has been reported to have an enormous influ-
ence on psychological status and quality of life [1]. Vari-
ous factors participate in skin aging; the clinical mani-
festations of intrinsic skin aging, in which degenerative 
physiological processes are inherently involved, include 
dry and pale skin with the presence of fine wrinkles, while 
the manifestations of extrinsic aging or photoaging, mainly 
attributed to exposure to UV radiation and pollution, 
include deep wrinkles, irregular pigmentation, and the loss 
of elasticity with a rough appearance, known as sagging 
[1–3]. Free radicals or reactive oxygen species (ROS) are 
considered one of the most important initiators of both 
intrinsic and extrinsic skin aging [3, 4]. Indeed, numerous 
ROS are fundamentally generated through diverse sources 
during intrinsic aging, such as chain reactions within mito-
chondria, Fenton reactions, and several enzyme reactions 
[1]. Furthermore, harmful ROS are primarily generated 
during exposure to UV-irradiation or environmental pol-
lution [4]. Subsequently, various physiological tissue 
reactions in which ROS participate are highly propagated, 
including lipid peroxidation, DNA damage, inflammation, 
hyperpigmentation, and the upregulation of degradative 
enzymes, including matrix metalloproteinases (MMP) 
and hyaluronidase (HAase), all of which contribute to the 
clinical signs of skin deterioration [1–3]. Accordingly, 
when attempting to establish the anti-aging capability of 
compounds, performing in-depth evaluations of all these 
corresponding reactions is greatly important. Currently, 
the use of naturally occurring anti-aging compounds is 
substantially increasing, as these products are thought to 
be safer than synthetic substances and possess vivid effec-
tiveness [5].

Mango (Mangifera indica L.), a tropical fruit belonging 
to the Anacardiaceae family, is widely consumed around 
the world. The vast diversity of mango cultivars is attrib-
uted to the unique growth environment characteristics of 
each cultivar [6, 7]. Mango and processed mango prod-
ucts are the third most exported product of Thailand, with 
exportation accounting for 209.6 million US dollars in 
2016–2017 [8]. The Kaew-Kamin cultivar, which origi-
nated from Cambodia, is widely consumed and grown 
in all regions of Thailand as the fruits can be harvested 
throughout the year. Additionally, industrial investments 
in the processing of this cultivar have been substantially 
increased by ASEAN, contributing great reinforcement 
from the Thai government. As a result of this increased 
processing, huge amounts of seed kernel are discarded 
each year. Although mango seed kernel is a waste-
product derived from the mango processing industry, it 
has been recognized as a valuable source of antioxidant 

components, especially polyphenols, which confer several 
beneficial human health effects [9–11]. Our previous study 
reported free-radical scavenging and anti-inflammatory 
effects of mango seed kernels of the Kiew-Moragot cul-
tivar, with potential to alleviate the progression of acne 
vulgaris [11]. However, thus far, no evidence of biological 
activity relating to anti-aging effects has been identified 
from mango seed kernels derived from the Kaew-Kamin 
cultivar.

Consequently, the aims of the present study were to 
evaluate the biological activities and chemical constituents 
of mango seed kernel extract from the Kaew-Kamin culti-
var relating to the prevention of skin aging, including free 
radical scavenging ability, attenuation of lipid peroxidation, 
and anti-enzymatic activities against tyrosinase, HAase, and 
MMPs. Moreover, the seed kernel extract was studied for 
anti-inflammatory effects and ability to prevent DNA dam-
age in skin cell lines, as well as cytotoxicity. These findings 
could identify a food by-product with promising multifunc-
tional bioactive ingredients for nutraceutical and cosmeceu-
tical applications.

Materials and methods

Chemical materials

The solvents, used for extraction and analysis, includ-
ing hexane, ethyl acetate, ethanol, and dimethylsulfoxide 
(DMSO), were of analytical grade. The solvents used for 
high performance thin layer chromatography (HPLC), such 
as acetonitrile, methanol, and formic acid, were HPLC 
grade. 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2′-Azino-
bis (3-ethyl benzothiazoline-6-sulphonic acid) (ABTS), lin-
oleic acid, 2,2′-Azobis (2-amidonopropane) dihydrochloride 
(AAPH), ammonium thiocyanate, tyrosinase from mush-
room, and l-tyrosine were purchased from Fluka (Buchs, 
Switzerland). Hyaluronidase derived from bovine testis 
(E.C.3.2.1.3.5), gallic acid (GA), l-ascorbic acid, and Trolox 
were purchased from Sigma-Aldridge Inc. (Schnelldorf, 
Germany). Dulbecco’s modified eagle medium (DMEM), 
Roswell Park Memorial Institute (RPMI) 1640 Medium, 
10% Fetal bovine serum (FBS), and 1% penicillin–strep-
tomycin (100 U/ml) were purchased from  Gibco® (Grand 
Island, NY, USA).

Plant materials

Mango seed kernels of Kaew-Kamin cultivars were provided 
by a mango processing industry in Phayao province, Thai-
land. The seed shells covering the kernels were completely 
removed and the kernels were then dried overnight at 50 °C 
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using a hot-air oven prior to extraction. Next, the dried ker-
nels were ground into a fine powder and the moisture con-
tent, solvent extractive value, total ash, and acid insoluble 
ash were authenticated. We found that the quality of the 
crude kernels was acceptable according to the standards 
stated in the Thai Herbal Pharmacopoeia 2018 [12].

Plant extraction

Two different procedures, traditional maceration and sol-
vent fractionation, were performed for extracting the dried 
mango seed kernels. Briefly, prior to the extraction, wax 
components were disposed through the seed kernel using 
hexane maceration for 48 h in three cycles. Next, the wax-
free residue was macerated separately in 95% ethanol and 
50% ethanol for 48 h in three cycles. The 95% ethanol filtrate 
was evaporated using a rotary evaporator  (Buchi® Rotavapor 
R-300, Thailand) to give KME (crude ethanolic extract). 
Meanwhile, the 50% ethanolic extract solution was initially 
evaporated to remove the ethanol and then spray-dried in a 
 Buchi® Mini Spray dryer B-290 (Thailand) using a small 
amount of maltodextrin as a carrier, with inlet and outlet 
temperatures of 140 °C and 100 °C, respectively, to give 
KMHE (hydroethanolic extract).

In the case of solvent fractionation, the wax-free residues 
were initially soaked in ethyl acetate followed by 95% etha-
nolic solution using the same procedure described previ-
ously for maceration. The rotary evaporator was also used 
to generate concentrated extracts of KMEA (ethyl acetate 
fraction) and KMEF (ethanolic fraction).

Determination of total phenolic content

Total phenolic content of the extracts was examined using 
Folin-Ciocalteu’s method and expressed in terms of mg 
gallic acid equivalents (GAE)/g extract. According to the 
previous procedure of Poomanee et al. [11], each extract 
in ethanolic solution was mixed homogeneously with 
Folin-Ciocalteu’s reagent and 7.5% w/v sodium carbon-
ate  (Na2CO3) and incubated for 30 min at room tempera-
ture. The absorbance of each sample was measured using a 
UV–VIS spectrophotometer (Shimadzu, UV-2450, Japan) at 
765 nm. The gallic acid calibration curve, as a correlation 
between absorbances of gallic acid (Y) and concentrations 
(X), demonstrated an equation of Y = 0.00746X + 0.00309 
with an excellent coefficient of determination  (R2) of 0.9995.

Determination of total flavonoid content

The modified procedure of Poomanee et al. [11] was con-
ducted for determination of total flavonoid content. Briefly, 
the extract in ethanolic solution (1 ml) was mixed with DI 
water (10 ml), 5% w/v sodium nitrite  (NaNO2) (0.3 ml), and 

10% aluminum chloride  (AlCl3). The reaction mixture was 
then incubated for 5 min, afterwhich, 1 M sodium hydroxide 
(NaOH) (2 ml) was added. The absorbance of the mixtures was 
then examined at 510 nm and calculated in terms of mg rutin 
equivalents (RE)/g extract. The rutin calibration curve, as a 
correlation between absorbances of rutin (Y) and concentra-
tions (X), showed an equation of Y = 0.0022X + 0.0166 with 
an excellent coefficient of determination  (R2) of 0.9971.

Determination of antioxidant activities

DPPH radical scavenging assay

The free radical scavenging ability of the extracts were 
determined using DPPH assay following the previous 
method of Poomanee et al. [11]. Each extract, as well as 
the positive control, was dissolved in ethanolic solution and 
serially diluted to yield five final concentrations in the range 
of 3.125–100 µg/ml. The reaction mixture, consisting of the 
extract solution with 120 mM DPPH solution in a dilution 
factor of 1:10, was light-protected and incubated at room 
temperature for 30 min. Subsequently, the absorbance was 
measured using a microplate reader (SpectroSTAR  Nano®, 
Ortenberg, Germany) at 520 nm. The scavenging ability 
was expressed to terms of percent (%) inhibition and 50% 
inhibitory concentration  (IC50) as compared to gallic acid 
and Trolox as positive controls.

ABTS radical scavenging assay

Additionally, an ABTS scavenging assay was performed 
to ensure precise reporting of the free radical scavenging 
properties of the extracts in a term of Trolox equivalent anti-
oxidant capacity (TEAC) [13]. ABTS assay was performed 
according to the methods of Poomanee et al. [11]. Briefly, 
ABTS radicals were initially generated through the addition 
of 7 mM ABTS solution to 140 mM potassium persulfate 
 (K2S2O8) and incubating the mixture at room temperature for 
16 h in the dark. The ethanolic solutions of each extract, in 
concentration ranges from 3.00 to 49.50 µg/ml, were mixed 
with the diluted ABTS radical solution in a ratio of 1:100 
and incubated at room temperature for 6 min. The absorb-
ance of each sample was measured using a microplate reader 
(SpectroSTAR  Nano®, Ortenberg, Germany) at 734 nm. The 
TEAC of each extract was calculated according to a Trolox 
equivalent curve constructed using the relationship between 
absorbances (Y) and Trolox concentrations (X).

Inhibition of lipid peroxidation by linoleic acid thiocyanate 
method

The inhibitory effects on lipid peroxidation of the extracts 
were evaluated using the linoleic acid thiocyanate method, 



462 Toxicol Res. (2021) 37:459–472

1 3

following the method of Poomanee et al. [11]. Each extract 
was serially diluted using 70% v/v methanolic solution to 
give five final concentrations in the range of 0.09–1.50 mg/
ml. The lipidic mixture consisted of 1.3% w/v linoleic acid, 
phosphate buffer (PBS) pH 7.0, DI water, and the extract 
solution. An oxidative reaction was then generated by adding 
46.35 mM AAPS solution into the lipidic mixture and the 
solution was incubated in the dark for 4 h at 45 °C. Subse-
quently, the inhibitory effects on linoleic acid peroxidation 
of the extracts were determined using the ferric thiocyanate 
method; results were expressed in terms of % inhibition and 
 IC50 via comparison to gallic acid and Trolox as positive 
controls.

Determination of gallic acid content of the extract

The fingerprint of each extract, including its active com-
pound content, were quantified using HPLC following a 
previously described procedure [11]. In brief, the Inertsil 
ODS-3 reverse phase C-18 column (5 µm, 4.6 × 250 mm, 
GL Science Inc., USA) served as a stationary phase at a 
modified column temperature of 25 °C. Gradient elution of 
the mobile phase, consisting of 0.5% acetic acid:acetonitrile 
(1:1) (solvent A) and 1% acetic acid (solvent B) in DI water 
was conducted as follows: 0–2 min, 5% of A; 2–15 min, 
5–26% of A; 15–21 min, 26–35% of A; 21–30 min, 35–44% 
of A, using a wavelength detection of 280 nm. The extract 
was dissolved in absolute methanol to give a final concentra-
tion of 2500 mg/l. A gallic acid standard curve describing 
the area under the curve (mAU: Y) as a function of gallic 
acid concentrations (X) was constructed to calculate the gal-
lic acid content of the extracts, which was expressed in terms 
of percentage of gallic acid using the following equation: 
Y = 68.54X − 12.08;  R2 = 0.9994.

The utilized HPLC procedure was formerly validated for 
ability to verify limit of detection (LOD) and limit of quan-
titation (LOQ) of gallic acid, as well as % recovery and rela-
tive standard deviation (%RSD), tests which define the accu-
racy and precision of the procedure. The % recovery of gallic 
acid was determined in three levels, 50, 100, and 150 µg/ml, 
by adding a standard gallic acid solution to the placebo. The 
% recovery of between 85 and 115% and %RSD of less than 
2% over 10 replicates of test samples represent acceptable 
intra-assay precision under the acceptance criteria [14, 15].

Determination of anti‑enzymatic activities related 
to the skin aging process

Determination of anti‑tyrosinase activity

Anti-tyrosinase activity was investigated following the pro-
cedure of Poomanee et al. [16]. In brief, the extract was seri-
ally diluted by 20% polysorbate 20 in DI water to give five 

final concentrations in the range of 0.31–5 mg/ml. The reac-
tion mixture, in which extract solution (70 µl), PBS (pH 6.8, 
70 µl), and 1.66 mM mushroom tyrosinase (Sigma-Aldrich, 
Singapore) in PBS (70 µl) were mixed, was incubated for 
10 min at room temperature. Substrates of the tyrosinase 
enzyme, specifically 0.85 mM tyrosine or DOPA (3,4-dihy-
droxyphenylalanine) (70 µl), were added to the mixture and 
incubated for 20 min. The absorbance of each sample was 
measured using a microplate reader (SpectroSTAR  Nano®, 
Ortenberg, Germany) at 492 nm. Anti-tyrosinase activity of 
the extract was reported in terms of % inhibition and  IC50. In 
this experiment, alpha-arbutin served as a positive control.

Determination of MMP‑2 and MMP‑9 inhibition by sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS‑PAGE)

Cell culture Albino Swiss Mouse embryonic fibroblasts 
3T3 cell culture (BCRC 60071; ATCC ® CCL92) and RAW 
264.7 cells (ATCC-TIB-71) were purchased from the Amer-
ican Type Culture Collection (Rockville, MD, USA). Cells 
were cultured in DMEM supplemented with 10% FBS and 
1% penicillin–streptomycin at 37 °C in 5%  CO2.

MMP‑2 and  MMP‑9 determination by  SDS‑PAGE Briefly, 
each sample was dissolved in DI water and serially diluted 
to give four final concentrations of 1, 2.5, 5, and 10 mg/ml. 
The medium (180 µl) was mixed with each sample (20 µl) in 
a 96-well flat plate using aseptic technique. DI water served 
as a negative control, whereas l-ascorbic acid and gallic 
acid served as positive controls. After a 48  h incubation, 
each mixture was collected and then mixed with loading 
buffer containing 4% SDS and 0.04% Bromophenol blue in 
a ratio of 1:1. Gel separation, in which gelatin was used as 
a substrate, was performed. Each sample or control (20 µl) 
was separately loaded into each well located on the stack-
ing gel. After electrophoresis, the gel page was soaked in 
reaction buffer at 37 °C for 24 h to remove the SDS–poly-
acrylamide gel. Then, the gel page was stained with 0.5% 
w/v Coomassie blue and destained to visualize the markers.

The area of each band on the gel was visualized using a 
gel documentation system and calculated in terms of rela-
tive MMP content using ImageJ software version 8.0. The 
percentage inhibition of each sample was compared with the 
negative control (100%) and calculated according to Eq. 1; 
additionally, the  IC50 of each sample was reported.

(1)
MMP − 2 or MMP − 9 inhibition(%)

= 100 −

[

MMP content of sample

MMP content of control
×100

]

.
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Determination of anti‑hyaluronidase (anti‑HAase) activity 
by SDS‑PAGE

The protocol of Chaiyana et al. [17] was employed for deter-
mination of anti-HAase activity, with some modifications. 
Sample dilution was analogous to the protocol for anti-MMP 
activity. The reaction mixture (50 µl), which consisted of 
0.13 M NaCl, HAase, and sample (5 µl), was incubated 
at 37 °C. DI water served as a negative control, whereas 
l-ascorbic acid and gallic acid served as positive controls. 
After 48 h of incubation, the mixture was collected and then 
mixed with loading buffer containing 4% SDS and 0.04% 
Bromophenol blue prior to further experimentation. A sepa-
rating gel was prepared by loading 20 µl of sample, con-
taining 0.17 mg/ml hyaluronic acid (HA). After running the 
electrophoresis, the gel page was soaked in washing buffer 
(pH 7.2) at 37 °C for 1 h. Next, the gel page was left in the 
reaction buffer (0.02 M sodium acetate-acetic acid buffer) 
for 18 h. Staining buffer (Alcian buffer 8GX) was used to 
stain the gel page. Finally, the gel page was destained in 50% 
v/v methanol and 10% v/v acetic acid for 2 h.

The area of each band on the gel was visualized using a 
gel documentation system and calculated in terms of rela-
tive HAase content using ImageJ version 8.0 software (NIH, 
Bethesda, MD, USA). The  % inhibition of each sample was 
compared to that of the negative control (100%) according 
to Eq. 2; additionally, the  IC50 of each sample was reported.

Determination of anti‑inflammatory activity 
via nitric oxide (NO) inhibition assay

Cell viability assay

Prior to evaluation of NO inhibition, the cytotoxicity of the 
selected extracts were evaluated in RAW 264.7 cells (ATCC-
TIB-71). Cells were seeded at a density of 1 × 105 cells/ml 
in sterile 96-well plates for 24 h and then treated with either 
extract or gallic acid in serial concentrations of 0.1, 1, 10, 
100, and 1000 µg/ml in 100 μl of medium for 48 h. Con-
trol cultures received identical amounts of DMSO, as did 
the treated cultures that served as vehicle controls. Subse-
quently, the medium was replaced with new medium and cell 
viability was analyzed using a colorimetric 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-
based cell growth determination kit (Promega, Madison, 

(2)
HAase inhibition(%)

= 100 −

[

HA content of sample

HA content of control
× 100

]

WI). Absorbance values were calculated according to Eq. 3 
and presented as a percentage relative to the vehicle control.

where ‘Abs of sample’ refers to the absorbance of cells 
treated with the sample and ‘Abs of vehicle control’ is the 
absorbance of DMSO-treated cells.

NO inhibition assay

RAW 264.7 cells were seeded into a sterile 96 well-plate at 
5 × 104 cells/well and cultured at 37 °C with 5%  CO2/95% 
relative humidity (RH) for 24 h. Cells were then washed 
twice with PBS, pH 7.4. Each sample, in concentrations 
ranging from 0 to 100 µg/ml (200 µl), or the positive con-
trol (0.1 mg/ml of diclofenac sodium) were added to cell 
culture wells in RPMI 1640 medium containing 100 ng/ml 
of Lipopolysaccharides (LPS). RPMI 1640 medium served 
as a negative control. Following exposure for 24 h, 100 µl 
of the supernatant solution was mixed with 100 µl Griess 
reagent containing 1% w/w sulfanilamide and 0.1% w/w 
N-1-[naphthyl] ethylenediamine dihydrochloride in 2.5% 
w/w phosphoric acid. After 10 min, the absorbance of the 
solution was determined using a Varioskan flash microplate 
reader (Thermo Fisher, Finland) at 550 nm. The results were 
reported as % NO reduction, which was calculated accord-
ing to Eq. 4.

where ‘Abs of control’ is the absorbance of cells treated 
with medium containing LPS; ‘Abs of sample’ and ‘Abs of 
blank’ are the absorbances of cells treated with the extract 
plus medium either containing or not-containing LPS, 
respectively.

Determination of ability to prevent DNA damage 
in the fibroblast BJ cell line by DNA fragmentation 
assay

Cell viability assay

Prior to the DNA fragmentation assay, the MTT cell viabil-
ity assay was performed to detect any cytotoxic effects of the 
selected extracts on the human fibroblast BJ cell line (BJ). 
One hundred microliters containing BJ cells at a density 
of 4 × 104 cells/ml in 10% FBS-EMEM medium containing 
0.1 mg/ml penicillin and 0.1 mg/ml streptomycin (complete 
medium) was added to each well of a 96-well flat plate, 

(3)% cell viability =

[

Abs of sample

Abs of vehicle control

]

× 100;

(4)

% NO reduction

=

[

Abs of control−(Abs of sample−Abs of blank)

Abs of control

]

× 100;
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which was then incubated overnight at 37 °C under 5%  CO2 
atmosphere. Seed kernel extract was added to each well in 
medium (100 µl) in serial concentrations of 0, 125, 250, 500, 
and 1000 µg/ml. Each concentration was performed in trip-
licate. Medium, both with and without PBS, was used as a 
vehicle control and cell control, respectively. The cells were 
incubated at 37 °C under 5%  CO2 atmosphere for 48 h. The 
colorimetric MTT assay was employed as mentioned previ-
ously. Due to the presence of maltodextrin in the extract, the 
cytotoxicity of maltodextrin was also investigated.

DNA fragmentation assay

Three milliliters of medium containing fibroblast BJ cells 
at a cell density of 4 x  104 cells/ml was added to 35 mm-
plates. The cells were incubated at 37 °C under 5%  CO2 
atmosphere overnight. After incubation, the culture medium 
was removed and 3 ml of 1000 µg/ml KMHE in medium 
was added to the plates. The complete medium containing 
maltodextrin and PBS served as controls. Cells were incu-
bated at 37 °C under 5%  CO2 atmosphere for 48 h. Culture 
medium was then removed and 1.2 mM  H2O2 (3 ml) in com-
plete medium was added to the plate. Cells were then further 
incubated at 37 °C under 5%  CO2 atmosphere for 3 h. Sub-
sequently, the cells were harvested and subjected to DNA 
extraction using a DNA extraction kit  (NucleoSpin® Tis-
sue; MACHEREY–NAGEL GmbH & Co. KG, Germany), 
according to the manufacturer’s instructions. The extracted 
DNA was quantified using a NanoDrop 1000 spectropho-
tometer (NanoDrop, Wilmington, USA). Equal amounts of 
DNA samples were electrophoresed on a 1.5% agarose gel 
containing 1 µl/100 ml SYBR-Safe DNA gel stain (Invit-
rogen, Thermo Fisher Scientific Inc., MA, USA). The gel 
was examined and photographed under an ultraviolet gel 
documentation system.

Statistical analysis

All experiments were performed separately in triplicate. The 
results of all experiments are shown as mean ± SD. Differ-
ences in total phenolic content, total flavonoid content, and 
free radical scavenging abilities between each sample were 
statistically analyzed via one-way ANOVA with Tukey’s 
multiple comparison analysis using SPSS statistics soft-
ware, version 17.7 (IBM co. Ltd., NY, USA). Differences in 
the anti-inflammatory and anti-enzymatic effects between 
the extracts and positive controls were statistically exam-
ined using the Independent T test. p values less than 0.05 
(p < 0.05) were regarded as significantly different.

Results

Plant extraction

Initially, the mango seed kernel extraction procedure 
was optimized. KMHE gave the highest percentage yield 
(28.98 ± 2.47%), followed by KMEF (22.01 ± 2.36%), KME 
(16.52 ± 2.85%), and KMEA (1.28 ± 0.40%), which gave the 
lowest yield. The majority of wax compounds inherently 
found in the mango seed kernel [11] were excluded by hex-
ane extraction, which demonstrated a waxy, white charac-
teristic. KMEA contained waxy compounds with a slight 
pinkish color. Additionally, it is worth noting that the white 
wax was found only with KME; there was no residue wax 
within KMEF, indicating that ethyl acetate fractionation may 
extract the residue wax prior to the ethanol fractionation.

Total phenolic and flavonoid contents of mango 
seed kernel extracts

The obtained extracts were subsequently quantified for their 
chemical constituents, including polyphenols and flavonoids, 
as these sorts of natural substances are thought to express 
antioxidant, anti-inflammatory, and anti-aging capabilities 
[18]. As shown in Fig. 1, the major constituents of mango 
seed kernel extracts were phenolic compounds, which were 
approximately 10-fold higher than flavonoids. Among all 
the extracts, the highest content of phenolics was shown in 
KMEF.

Antioxidant capacities of the mango seed kernel 

extracts

Evaluation of the free radical scavenging properties of the 
extracts was initially conducted via DPPH and ABTS assays, 

Fig. 1  Total phenolic (TPC) and total flavonoid contents (TFC) of 
mango seed kernel extracts; Differences in alphabets (a, b, and c) 
imply significant differences (p < 0.05) between the mango seed ker-
nel extracts of each experiment
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which were chosen to mimic physiological ROS conditions. 
According to Table 1, KMHE, KMEF, and KME exerted 
strong free radical scavenging effects, which were comparable 
to Trolox, a potent water-soluble form of vitamin E. Notice-
ably, the scavenging capacities were not significantly differ-
ent among all extracts. Meanwhile, KMEA demonstrated a 
moderate free radical scavenging effect, potentially indicating 
that some types of lipophilic polyphenols in the mango seed 
kernel are extracted by ethyl acetate. According to the results 
from the linoleic acid peroxidation assay, KMHE and KME 
exhibited notable effects comparable to Trolox and superior to 
both l-ascorbic acid, a typical water-soluble antioxidant used 
in cosmetology, and the standard gallic acid.

Taking into consideration the excellent antioxidant effi-
cacy of KMHE, along with its extraction method using less 
organic solvent, this extract was selected for further, in-depth 
investigation into its anti-aging and anti-inflammatory capa-
bilities, as well as its ability to prevent DNA damage.

Gallic acid content determination

According to the HPLC validation, the percent recov-
ery of gallic acid in the three tested concentrations of 50, 
100, and 150 mg/l were in the ranges of 88.76–95.56%, 
88.32–93.49%, and 91.31–97.00%, respectively, implying 
desirable accuracy. Additionally, the %RSD of the tested 
concentrations were 1.94%, 1.92%, and 1.84%, conferring 
good precision [14, 15]. The LOD, the minimum concentra-
tion at which gallic acid could be detected, was 3.5 mg/l, 
whereas the LOQ, the minimum concentration at which 
quantification of gallic acid could be performed with accept-
able accuracy and precision, was 30 mg/ml.

Figure 2 illustrates the HPLC fingerprint of KMHE, 
in which gallic acid represents a major compound at the 

retention time of 15.75 min, coinciding with the gallic 
acid standard. The percent gallic acid of the KMHE was 
2.22 ± 0.01% w/w.

Determination of attenuating properties 
on tyrosinase enzyme

A promising attenuation effect on tyrosinase by KMHE 
was evidenced, as shown in Fig. 3, for both l-tyrosine and 
dihydroxyphenylalanine (DOPA) substrates, which demon-
strated  IC50 values of 1.09 ± 0.07 and 4.25 ± 0.26 mg/ml, 
respectively. It is worth noting that the potential of KMHE 
via the DOPA pathway was significantly stronger than that 
of alpha-arbutin, a widely used depigmenting ingredient in 
cosmetology.

Determination of attenuating properties on matrix 
metalloproteinases (MMP)‑2 and ‑9

Our results show that KMHE demonstrates outstanding 
anti-MMP-2 and anti-MMP-9 effects, with  IC50 values 
of 0.46 ± 0.20 and 0.11 ± 0.03 mg/ml, respectively; these 
results were not significantly different from those of gallic 
acid. As shown in Fig. 4c and d, there were no significant 
differences (p < 0.05) observed between any of the extracts 
in terms of percent inhibition of MMP-2 or MMP-9 when 
compared to gallic acid at all tested concentrations.

Determination of anti‑enzymatic activity 
on Hyaluronidase (HAase)

Figure 5 illustrates potent inhibitory effects by KMHE and 
gallic acid on HAase, with  IC50 values of 0.20 ± 0.01 mg/ml 
and 0.19 ± 0.01 mg/ml, respectively.

Table 1  Free radical scavenging 
abilities and attenuating 
property on linoleic acid 
peroxidation of the obtained 
mango seed kernel extracts

Differences in superscripts a, b, and cimply significant differences (p < 0.05) between mango seed kernel 
extracts within the same column
ND not detectable
**TEAC indicates the Trolox equivalent antioxidant concentration determined by ABTS assay
1 KMEA: Ethyl acetate fraction, 2KMEF: Ethanol fraction, 3KMHE: Hydro-ethanolic extract, 4KME: Etha-
nolic extract

Samples Free radical scavenging  IC50 (µg/ml) TEAC** (mg 
Trolox/mg extract)

Linoleic acid 
peroxidation  IC50 
(mg/ml)DPPH ABTS

KMEA1 180.38 ± 14.74b ND 0.04 ± 0.00b ND
KMEF2 8.13 ± 0.90a 3.23 ± 0.46a 0.63 ± 0.06a 1.12 ± 0.15c

KMHE3 7.35 ± 0.35a 3.39 ± 0.29a 0.60 ± 0.03a 0.62 ± 0.21a

KME4 10.07 ± 0.16a 2.69 ± 0.46a 0.61 ± 0.05a 0.64 ± 0.06a,c

Standards
 Trolox 5.37 ± 0.69 1.60 ± 0.01 – 0.46 ± 0.02
 Gallic acid 1.84 ± 0.02 0.85 ± 0.06 1.32 ± 0.01 1.22 ± 0.11
 l-ascorbic acid 4.4 ± 0.03 0.40 ± 0.01 4.28 ± 0.02 0.94 ± 0.03
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Determination of nitric oxide (NO) inhibition

Initially, the cytotoxicity of KMHE and gallic acid were 
determined in RAW 264.7 cells, in order to avoid false 
positives regarding anti-inflammatory effects due to cell 
intoxication. Moreover, NO production can be optimally 
detected at percentage cell viabilities greater than 80% [19]. 
Figure 6a illustrates that KMHE, in a concentration range of 
100-1000 µg/ml, has a slight toxic effect on the cells, as % 
cell viability was below 80%. Accordingly, both the extract 
and gallic acid were evaluated for NO inhibition in the con-
centration range of 0.1–10 µg/ml.

The inhibitory capabilities of KMHE and gallic acid on 
NO production are shown in Fig. 6b. The results clearly 
demonstrate a significantly stronger effect from the extract 
when compared to gallic acid at the tested concentration 
of 10 µg/ml, without any evidence of cell toxicity. More-
over, the % inhibition of diclofenac sodium (100 µg/ml), 
which served as a positive control, was 19.17%, less than 
the extract.

Determination of ability to prevent DNA damage

Prior to the evaluations of DNA damage, clarifying the 
cytotoxic effects of KMHE on human fibroblast BJ cells 
was important. Additionally, maltodextrin, which served 
as a carrier for KMHE in the spray-drying procedure, was 

Fig. 2  HPLC chromatograms 
of the hydroethanolic extract 
of mango seed kernel (KMHE; 
a) and b gallic acid (50 mg/l) 
using UV detection at a wave-
length of 280 nm

Fig. 3  Attenuating effects of mango seed kernel extract (KMHE) (filled circle) and alpha-arbutin (filled daimond) on the tyrosinase enzyme via 
tyrosine substrate (a) and 3,4-dihydroxyphenylalanine (DOPA) substrate (b)
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Fig. 4  Inhibitory effects on Matrix metalloproteinase (MMP)-2 and 
MMP-9 by mango seed kernel extract (KMHE; a) and gallic acid b 
as shown by SDS-PAGE zymography; percent inhibitions of MMP-2 
c and MMP-9 d by four different concentrations of KMHE and gallic 

acid, specifically 0.1, 0.25, 0.5, and 1 mg/ml, after a 48 h incubation. 
C0: control at the initial timepoint; C48: control after the 48 h incu-
bation

Fig. 5  Attenuating effects on hyaluronidase (HAase) by the mango 
seed kernel extract (KMHE; a) and gallic acid b, as shown by SDS-
PAGE zymography and percent inhibition by each concentration c for 

four different concentrations of KMHE and gallic acid, specifically, 
0.1, 0.25, 0.5, and 1 mg/ml, after 48 h of incubation. C0: control at 
the initial timepoint; C48: control after 48 h of incubation
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investigated for cytotoxicity. As shown in Fig. 7a and b, 
KMHE and maltodextrin did not reduce cell viability nor 
induce cytotoxicity in BJ cells (p > 0.05).

Human fibroblast BJ cells were pre-treated with 1000 µg/
ml KMHE for 48 h prior to 3 h exposure to  H2O2. Maltodex-
trin, which served as a carrier for the extract in the spray-
drying process, was also evaluated for DNA-protective 
effects in order to avoid false positives. As shown in Fig. 7c, 
KMHE demonstrated small protective effects against DNA 
fragmentation resulting from  H2O2 exposure in BJ cells, 
when compared to controls, maltodextrin, or PBS.

Discussion

In the current study, mango seed kernel extracts derived from 
the Kaew-Kamin cultivar were comprehensively evaluated 
for their potential ability to prevent skin aging. A range of 
research has reported mango seed kernels to be a rich source 

of polyphenols, which are the main contributor to this prod-
ucts promising range of diverse biological activities [6, 20, 
21]. Chiefly, polyphenols have been regarded as functional 
ingredients in anti-aging products owing to several of their 
functions, including as metal chelators, reducing agents, anti-
inflammatory agents, and inhibitors of lipid peroxidation 
due to their ability to rapidly donate a hydrogen atom to free 
radicals [3, 18]. Hence, the extraction methods and solvents 
were chosen in accordance with the following aspects: a high 
potential for extracting hydrophilic polyphenols, which were 
the target polyphenols, and being safe for human use [22, 23]. 
Indeed, differences in the solvent polarities particularly influ-
enced the physical characteristics, quantities of polyphenols, 
and percentage yield of the obtained extracts [24]. Hydrophilic 
polyphenols were denoted to be generally extracted by semi-
polar solvents, such as methanol and ethanol, and their mixture 
with water [18]. Our results demonstrate that maceration with 
50% ethanol–water and 95% ethanol fractionation as extraction 
procedures for mango seed kernels provide a high percentage 
yield and polyphenols-rich extract.

On account of the complexities involved in the process of 
aging, the anti-aging properties of the obtained extracts were 
comprehensively elucidated through various methodologies. 
ROS has been reported as an important cellular initiator of 
aging contributing to a wide range of physiological tissue 
deterioration [1, 2]. A number of reports have denoted that 
ROS, generated from either cellular metabolism or environ-
mental sources, has the potential to destroy cellular proteins, 
lipids, and genetic elements [25]. Furthermore, cell mem-
brane peroxidation, which is a chain reaction involving oxi-
dative stress of phospholipids, has been widely recognized 
as a consequence of the induction of ROS [2]. The mango 
seed kernel extracts exerted either a strong free radical scav-
enging capacity or a notable inhibitory effect on lipid peroxi-
dation. However, among all the extracts, KMEF contained 
the highest total phenolic content. These findings suggest 
that the attenuating property on lipid peroxidation does not 
correspond to the amount of phenolic compounds found in 
the extracts. Chaiyana et al. [17] also reported a weak cor-
relation between total phenolic content and the attenuating 
property on lipid peroxidation, as phenolic compounds, 
being hydrophilic substances, were not entirely dissolved in 
the experimental environment.

Gallic acid has been shown to be a major phenolic com-
pound in kernel extracts from the Kaew Kamin cultivar. 
Our previous findings have denoted that mango seed kernel 
extract from the Kiew-Moragot cultivar mainly contain gal-
lic acid [11]. Although gallic acid was regarded as a major 
phenolic acid detected at the wavelength of 280 nm, taking 
into account the high total phenolic content of the extract, 
other polyphenols may also be responsible for the antioxi-
dant capacity, thus requiring further elucidation.

Fig. 6  Percent cell viability of RAW 264.7 cells after exposure to the 
mango seed kernel extract (KMHE) and gallic acid at the indicated 
concentrations (a). Percent inhibition on nitric oxide (NO) (b). * 
implies a significant difference between KMHE and gallic acid at the 
same concentration (p < 0.05)
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Along with the cell deterioration attributed to oxidative 
stress, skin hyperpigmentation, a clinical manifestation 
related to skin aging, can be accelerated in the presence of 
ROS through upregulation of the tyrosinase enzyme and its 
substrates [4]. Tyrosinase, a copper-containing glycoprotein, 
plays a pivotal role in melanogenesis via two major steps, 
comprising initial hydroxylation of l-tyrosine to 3,4-dihy-
droxyphenylalanine (DOPA) and subsequent oxidation of 
DOPA to DOPAquinone. Therefore, reduction of tyrosinase 
function potentially decreases cutaneous hyperpigmenta-
tion [26]. Molecularly, both tyrosine and DOPA consist of a 
hydroxyl moiety, which confers an H + to activate tyrosinase 
[27]. Similarly, gallic acid contains three hydroxyl groups in 
its backbone that can act as competitive inhibitors by react-
ing as substrates in the system. Alpha-arbutin, a botanical 
glucoside derived of hydroquinone, also acts as a competi-
tive inhibitor, although with a milder effect than hydroqui-
none, due to the fact that it gradually releases hydroquinone 
molecules via breakage of glycosidic bonds [26, 28]. The 
significantly lower effects from alpha-arbutin, when com-
pared to KMHE, in the DOPA oxidation pathway may be 
due to the less active hydroxyl groups of alpha-arbutin com-
pared to those of gallic acid. Such results imply that KMHE 
may be a promising depigmenting extract for the prevention 
of atypical brown spots due to skin aging.

Our study is the first to illustrate the anti-enzymatic 
activities on age-related enzymes of mango seed kernel 
extracts. MMPs are typically produced by epithelial cells, 
fibroblasts, mast cells, and neutrophils and play an essential 
role in remodeling of the skin extracellular matrix (ECM). 
MMPs are commonly accelerated through the induction of 
ROS via the NF-kB and Activator Protein-1 (AP-1) path-
ways [29–31]. The skin ECM, which is mainly composed of 
collagens and elastins, primarily offers skin structural integ-
rity. Accordingly, the degradation of ECM due to upregu-
lation of MMPs predominantly leads to skin sagging and 
aging [29, 31]. Inhibitory effects on MMP-2 (72-kDa type 
IV collagenase) and MMP-9 (92-kDa type IV collagenase) 
have been widely examined, since the combined effects of 
these two MMPs generates a variety of skin deterioration 
[29, 30]. The strong inhibitory effects attributed to mango 
seed kernel extract (KMHE) are in correspondence with 
results by Calabriso et al. [32], which illustrate that poly-
phenols derived from grape skin also show inhibitory effects 
on the expression of MMP-2 and MMP-9 from inflammatory 
monocytes. It is worth noting that KMHE could alleviate the 
progression of skin deterioration and skin aging.

Diminished skin hydration is another pathology involved 
in skin aging. The degradation of HA, an extracellular gly-
cosaminoglycan, is a main participator in skin senescence 

Fig. 7  Effect of KMHE (a) and maltodextrin (b) on cell viability in a human fibroblast BJ cell line; (c) Protective effects of (1) KMHE, (2) 
maltodextrin, and (3) phosphate buffered saline on DNA fragmentation in the human fibroblast BJ cell line
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due to the resultant loss in water absorbing capacity [33]. 
HA can either be destroyed through enzymatic degradation, 
principally by HAase, or partially non-enzymatic degrada-
tion, as a consequence of oxidative stress and inflammation 
[34, 35]. Undoubtedly, an extract that exerts antioxidant 
effects and attenuates the activity of HAase could delay 
the progression of skin aging and preserve skin hydration. 
Kolayli et al. [36] showed that anti-HAase positively cor-
relates with the content of polyphenols in the extract, which 
is in correspondence with our results. Consequently, KMHE 
could be utilized as a hyaluronidase inhibitor for anti-skin 
aging purposes. Taken together, KMHE possesses outstand-
ing anti-tyrosinase, anti-MMP, and anti-HAase effects, 
thereby conferring comprehensive attenuating properties 
against age-related enzymes. Physiologically, it is possi-
ble that the capabilities of this extract may be augmented 
through its potent ability to quench ROS, a major inducer of 
the aging process [1, 11].

The induction of oxidative stress through exposure to 
UV radiation and pollution are considered extrinsic causes 
that substantially potentiate skin inflammatory events lead-
ing to chronic skin aging [37]. NO is considered an impor-
tant inflammatory mediator contributing to a wide range 
of degenerative physiological responses [38]. Excessive 
NO production also contributes to the propagation of tis-
sue damage [19]. Our previous findings have reported that 
mango seed kernel extract derived from the Kiew-Moragot 
cultivar exerts anti-inflammatory properties via inhibition 
of interleukin (IL)-6 and IL-8 produced by LPS-stimulated 
RAW 264.7 cells [11]. Ippoushi et al. [39] also reported 
that a polyphenol derived from ginger strongly inhibits NO 
production in LPS-treated J774.1 macrophages in a dose-
dependent manner. Additionally, the inhibitory effect on 
NO synthesis was positively correlated to the number of 
hydroxyl groups existing in the polyphenols [19]. Our study 
provides additional information regarding the anti-inflam-
matory effects of mango seed kernels.

The propagation of DNA damage owing to exposure to 
UV radiation and pollution has been widely established [1, 
40]. Additionally, cellular DNA strands can be directly dam-
aged via UV absorption, resulting in the erratic manipula-
tion of nucleotides and, subsequently, skin aging [41]. For 
this reason, in the current study, we elucidate, for the first 
time, an in-depth analysis of the protective effects of KMHE 
against DNA damage. From the results, it can be seen that 
KMHE exerts a protective effect against the DNA damage 
induced by  H2O2, a by-product of cellular respiration that 
has been regarded as one of the potent inducers of oxidative 
stress and aging [42]. The protective effect of KMHE may 
be due to its excellent free radical scavenging capacity, by 
which  H2O2 and other related radicals are diminished. Addi-
tionally, the extract presented no toxicity to human BJ fibro-
blasts, thereby indicating it is a safe functional ingredient for 

human use, however, an irritation test in human volunteers 
will be necessary in further investigations. Accordingly, the 
hydroethanolic extract of mango seed kernels from the Kaew 
Kamin cultivar, which are mainly composed of gallic acid 
and phenolic compounds, exert multifunctional activities 
related to anti-aging capabilities while maintaining a good 
safety profile.

In conclusion, the chemical constituents and biological 
activities of mango seed kernels derived from the Kaew 
Kamin cultivar relating to anti-skin aging are reported for 
the first time. KMHE showed the highest percentage yield, 
equal to 28.98 ± 2.47% w/w, with the highest antioxidant 
activities in terms of both free radical scavenging effects and 
attenuating property against lipid peroxidation; a fact that 
correlated to the high phenolic content of KMHE. Utilizing 
HPLC analysis, gallic acid was identified as a main constitu-
ent that could be used as a marker for further quality control. 
KMHE also demonstrated good anti-tyrosinase activity and 
potent anti-enzymatic effects against the skin aging process, 
which were as potent as gallic acid against HAase, MMP-2 
and MMP-9. Additionally, KMHE possessed moderate NO 
inhibitory effects, with no cytotoxic effects, on RAW264.7 
cells and induced protective effects against DNA fragmenta-
tion in an  H2O2-treated human fibroblast BJ cell line, also 
with no cytotoxicity. Therefore, KMHE is a promising, safe 
multifunctional bioactive ingredient that could be further 
applied in nutraceutical and cosmeceutical products. None-
theless, clinical evaluation will also be important in further 
investigations.
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