JPPIPA 9(11) (2023)

Jurnal Penelitian Pendidikan IPA

Journal of Research in Science Education

http:/ /jppipa.unram.ac.id/index.php/jppipa/index

The Potency of Passion Fruit (Passiflora Edulis) Prevents Uv-

Induced Skin Aging

Sherla Wijoyo!", Ida Ayu Ika Wahyuniari?

1Magister Program of Biomedical Science Anti-Aging Medicine, Faculty of Medicine, Universitas Udayana, Denpasar, Indonesia.
2Department of Histology, Faculty of Medicine, Universitas Udayana, Denpasar, Indonesia.

Received: September 27, 2023
Revised: October 9, 2023
Accepted: November 25, 2023
Published: November 30, 2023

Abstract: The importance of skin health and appearance has led to increased
awareness of the negative effects of skin aging induce by UV light. This research aims
to examine the effect of passion fruit (Passiflora edulis) in preventing photoaging.
Google Scholar, Research Gate, and Mendeley were used as the search engine. The

keywords were passion fruit and photoaging. The effect of passion fruit to prevent
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photoaging were analyzed from 15 articles. The antioxidant contained in passion fruit
has been reported and showed can suppress Reactive Oxygen Species (ROS), anti-
inflammation activity, inhibit melanin synthesis and tyrosinase activity. This will

contribute to prevention skin aging and skin damage by UV exposure.
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Introduction

Skin aging is a natural and gradual process
characterized by various changes in the skin's
appearance, texture, and function over time. It is
influenced by both intrinsic (internal) and extrinsic
(external) factors. Intrinsic aging, often referred to as
chronological aging, is determined by genetic factors
and the natural aging process. It typically begins in the
late 20s or early 30s and includes the following changes:
Thinning of the skin, reduced cell turnover, decreased
hydration, and loss of fat. Extrinsic aging is primarily
driven by external factors, with UV (ultraviolet)
radiation from the sun being one of the most significant
contributors (Zhang et al., 2018) Skin aging due to UV
exposure is often referred to as "photoaging." UV
radiation, primarily from the sun, is one of the most
significant external factors that accelerate the aging
process of the skin. Photoaging leads to specific changes
in the skin's appearance and structure, distinct from the
natural aging process. UV damage contributes to skin
aging such as collagen breakdown, elastin degradation,
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formation of wrinkles, age spot, hyperpigmentation and
thinning skin, weakened skin immunity (Maretalinia et
al., 2023; Rittié et al., 2015).

UV exposure can cause skin aging through several
mechanisms, primarily involving damage to the skin's
structure and function. The mechanisms such as free
radical formation, DNA damage, telomere shortening,
skin inflammation, activation of cellular pathways and
collagen elastin degradation. UV exposure generates
Reactive Oxygen Species (ROS) and free radicals within
the skin. These highly reactive molecules can damage
cellular structures, including proteins, lipids, and DNA.
Free radical damage contributes to oxidative stress and
accelerates skin aging. When DNA is harmed, it can lead
to mutations and errors in the DNA replication process.
This can result in the formation of abnormal cells and
contribute to skin cancer development over time. UV
radiation can accelerate telomere shortening, telomeres
are protective caps on the ends of chromosomes that
shorten as cells divide, leading to cellular aging and
reduced skin regeneration capacity. In addition, UV
radiation triggers an inflammatory response in the skin.
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This inflammatory process can lead to redness, swelling,
and skin irritation. Chronic inflammation caused by
repeated UV exposure contributes to premature aging.
UV radiation can activate cellular pathways that
promote skin aging, including the production of
enzymes that degrade collagen and the release of
inflammatory mediators. UV exposure can stimulate the
production of enzymes called matrix metalloproteinases
(MMPs), which break down collagen and elastin fibers.
This leads to a breakdown of the skin's support structure
and contributes to the formation of wrinkles and sagging
skin. Thus we need antioxidants to fight negative effect
of UV exposure that connected to free radicals (Fisher,
2002; de Jager et al., 2017; Wang et al., 2018).

Passion fruit (Passiflora edulis) contain various that
components, including  nutrients, fiber, and
antioxidants. The antioxidants such as flavonoids,
carotenoids, polyphenols and vitamin C. Its antioxidant
and nutrient content play a role in preventing skin aging
due to UV exposure. By limiting free radical damage,
antioxidants may help slow the aging process and
minimize the development of wrinkles and fine lines
due to UV exposure. Previous studies showed that
flavonoids and polyphenols can against free radical and
reduce inflammation. Carotenoid can protect the skin
from oxidative stress caused by UV exposure. Vitamin C
plays a crucial role in collagen production. Collagen is
essential for maintaining skin's elasticity and preventing
sagging skin. Vitamin C can also help repair damaged
skin cells and reduce the appearance of age spots due to
UV radiation. In addition, passion fruit seeds contain
water, so if included in the diet, they will contribute to
overall hydration. Well-hydrated skin tends to be more
resilient and able to handle UV exposure (Muslim et al.,
2023; Yepes et al., 2021; Pullar et al., 2017; Sies, 2015).

Research on passion fruit (Passiflora edulis) has
revealed several potential health benefits, and its various
components have been investigated for their medicinal
properties. There are some overviews of some areas of
research on the effects of passion fruit in medicine, along
with references for further reading. Some studies have
investigated the potential cardiovascular benefits of
passion fruit. Its fiber content and antioxidants may
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contribute to improved heart health by reducing
cholesterol levels and lowering blood pressure. Some
studies have explored the potential anti-cancer
properties of passion fruit compounds, such as
polyphenols. These compounds may have protective
effects against certain types of cancer. Passion fruit
extracts and oils also have been studied for their
potential in skincare products. Their antioxidant and
anti-inflammatory properties may help protect the skin
from UV damage and promote a healthier complexion
for aging skin (Serban et al., 2016; Grigalius et al., 2017;
Cordova et al., 2013).

Method

Google Scholar, ResearchGate, and Mendeley were
used as search engines for this literature review. The
literature review method uses journals and preliminary
research publications. This literature review research
method aims to investigate the potency of passion fruit
(Passiflora edulis) prevents UV-induced skin aging. The
keywords were passion fruit seeds and UV-induced skin
aging. There were 15 reliable articles with inclusion
criteria of published years 2015-2023, using Indonesian
or English, and non-full-text literature was excluded.
This research will be conducted by collecting and
evaluating various relevant literature sources to identify
previous studies that have been conducted on this topic.
By summarizing and synthesizing the findings from the
existing literature, the main objective is to gain a
comprehensive understanding of the potency of passion
fruit seeds content on sun protection and its impact on
the skin aging process.

Result and Discussion

Fifteen articles described the potency of passion
fruit (Passiflora edulis) prevents UV-induced skin aging.
Passion fruit seeds were studied by experimental and
literature review methods. Samples varied from
molecular to bedside investigation.

Table 1. The Analysis of Passion Fruit potency on UV-Induced Skin Aging

Author & Publication Year Research Methodology

Results

Muslim et al (2023)
study

Yepes et al (2021) In vitro

Maruki-Uchida et al (2013)

Experimental clinical trial There was significant decrease in DPAS score in participants with

facial skin aging after 8 weeks of using passion fruit purple
variant seed extract cream

Findings from this study suggest that ethanol extract of P.
edulis has a great potential as an anti-aging agent.

Experimental study Piceatannol in passion fruit seed extract containing high amounts

of piceatannol are potential anti-photoageing cosmetic ingredients.
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Author & Publication Year

Research Methodology

Results

Kawakami et al (2022)

Lourith et al (2017)

Agung et al (2019)

Krambeck et al (2023)

Dewi et al (2020)

Mostefa et al (2023)

Huang et al (2022)

Krambeck et al (2019)

Krambeck et al (2020)

Cao et al (2022)

J. Zhang et al (2023)

Urrego et al (2021)

Article Reviews

Clinical trial study

Experimental animal study
with a post-test only control
group design

Article Review

Open-label uncontrolled trial

in Vivo and in Silico Studies

In vitro and pre-post
intervention clinical trials

In vitro

In vitro

In vivo experimental studies

Article Reviews

In vivo

P. edulis seed extracts have been reported to exhibit various
physiological functions, such as antioxidant effects, improvement
of skin condition, fat-burning promotion effects, and

hypoglycemic effects.

The safety of 0.1% passion fruit extract concealer mousse was
assessed. It did not cause skin irritation when assessed in human
volunteers. This sunscreen makeup product provides UVA and
UVB protection and is therefore suitable for daily application.

The passion fruit seed extract cream inhibited the increase of level
of MMP-1 and the decrease of total collagen level in Wistar rat

skin was exposed to UV-B.

The piceatannol found in passion fruits can be used in a wound-
healing, or as anti- ageing, antioxidant, anti- acne and skin
whitening, among other effects.

Topical use of passion fruit purple variant seeds extract improves
acne vulgaris with reduction in lesion counts and UVRF, minimal
adverse events, and good satisfaction rate.

These findings suggest that the stilbenes from P. edulis seeds,
particularly the stilbene dimers, warrant further investigation as
potential neuroprotective candidates.

The results indicated that PeLOX4 may be a candidate gene
involved in fruit ripeness and the formation of volatile aroma
compounds, with the increase in fruit ripening, the expression
level of PeLOX4 increased and theLOX enzyme activity increased
accordingly, thereby promoting the synthesis of volatile esters in
fruit pulp. Our discovery lays the foundation for the functional

study of LOX in passion fruit.

The passion fruit oil from Madeira Island can be used by the
pharmaceutical and cosmetics industry because of its potential to

reduce oxidative stress (ROS).

The P.edulis extracts that were obtained by the ultrasound method
showed significant amounts of piceatannol and resveratrol when
compared with the commercial oil. The presence of these
compounds indicates that this oil could have potential
applications in the cosmetic and pharmaceutical industries, due to
their proven antioxidant and anti-aging properties.

While defective mitophagy-induced accumulation of damaged
mitochondria contributes to AD progression, P. edulis pericarp
improvesmitochondrial quality and homeostasis through
BNIP3/DCT1-dependentmitophagy and SOD-3-dependent
mitochondrial resilience, both via increased nuclear translocation
of the upstream transcriptional regulator FOXO3 /DAF-16.

the potential of Passiflora for food applications and the use of all
parts as a source of ingredients for medicines and cosmetics that
promote health and well-being.

This is the first unequivocal report of the presence of these
compounds in P. edulis f. edulis leaves. The most favorable
results of anti-inflammatory activity were obtained for the
flavonoid-rich fraction. All the fractions and isolated compounds
evaluated, presented high percentages of inhibition of nitric oxide

synthase activity.
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Discussion

Photoaging of skin is caused by overexposure to
UV radiations, which increases the production of
Reactive Oxygen Species (ROS) causing lipid
peroxidation, DNA damage, and proteins alterations.
Moreover, ROS can also contribute to skin aging by
direct activation of enzymes responsible for the cleavage
of extracellular matrix (ECM) components, as well as
accelerate skin pigmentation by its action on
keratinocytes, adjacent to melanocytes, to induce
melanogenesis by increasing the amounts of the
melanogenic factors tyrosinase and tyrosinase-related
protein 1 (TRP 1). Free radicals, inhibits the oxidation
process, absorbs UV rays, and suppresses enzymatic
activity. This mechanism occurs because of the alleged
presence of phenolic compounds in it (Muslim et al.,
2023; Yepes et al., 2021).

Antioxidants play a crucial role in combating free
radicals by neutralizing their harmful effects. Free
radicals are unstable molecules with unpaired electrons,
which can lead to oxidative stress and damage to cells
and tissues. Antioxidants donate electrons to free
radicals, stabilizing them and preventing further
damage. Antioxidants also effectively break the chain
reaction of oxidative stress. Once a free radical is
neutralized by an antioxidant, it no longer poses a threat
to other molecules in the body. Some antioxidants, such
as flavonoids, carotenoids, polyphenols and vitamin C,
have the ability to regenerate after donating an electron
to a free radical. This means they can continue to
neutralize multiple free radicals (Sies, 2015).

Passion fruit seeds are known to be rich in
antioxidants, particularly vitamin C, -carotenoids,
flavonoids, and polyphenols. Antioxidants play a crucial
role in neutralizing free radicals generated by UV
radiation. Polyphenols are chemical compounds found
in a variety of plants. Passion fruit seeds have been
found to contain a lot of polyphenols, the most
important of which is piceatannol (4, 4, 3, 5'-
tetrahydroxy-transstilbene). It is well known that
piceatannol has many benefits for the skin, including
increasing the production of collagen, decreasing the
production of melanin, increasing the antioxidant
activity of glutathione, and eliminating the formation of
Reactive Oxygen Species (ROS). Matsui et al. reported
that Passiflora edulis has an inhibited melanogenesis and
stimulates collagen synthesis. The high level of
polyphenol in Passiflora edulis seed extract can inhibit
tyrosinase activity. This will contribute to the prevention
of skin damage and aging (Matsui, 2010; Muslim et al.,
2023).

In vitro antioxidant activity of piceatannol in
human fibroblast cells was investigated. It was
demonstrated that piceatannol has strong antioxidant

November 2023, Volume 9 Issue 11, 1142-1147

activity even at low concentrations and has a certain
cytoprotective capacity. Piceatannol is more active than
resveratrol due to the presence of an additional hydroxyl
group at 3' position. The presence of an extra hydroxyl
group in piceatannol makes it re-active and a more
potent antioxidant when compared to resveratrol
(Krambeck et al., 2023).

Hiroko Maruki Uchida et al. have previously
identified piceatannol and scirpusin B, which is a dimer
of piceatannol, as strong antioxidants that are present in
passion fruit (Passiflora edulis). The piceatannol can
suppressed the UVB-induced generation of Reactive
Oxygen Species (ROS) in the keratinocytes. In addition,
the transfer of the medium from the UVB-irradiated
keratinocytes to non-irradiated fibroblasts enhanced
matrix-metalloproteinase (MMP)-1 activity, and this
MMP-1 induction was reduced when the keratinocytes
were pretreated with piceatannol. These results suggest
that piceatannol attenuates the UVB-induced activity of
MMP-1 along with a reduction of ROS generation in
keratinocytes (Maruki-Uchida et al., 2013).

Andres Yepes et al. assess the anti-aging potential
of the ethanol extract of Passiflora edulis Sims seeds,
through in vitro determination of antioxidant activity
and inhibition assays of some enzymes related to skin
aging. They found Passiflora edulis has a great potential
as an anti-aging agent (Yepes et al., 2021).

Norman Urrego et al. reported the effect of
Passiflora edulis leaves extract as an anti-inflammatory
which was evaluated by measuring myeloperoxidase
and nitric oxide levels. The result is three minor
flavonoids were detected; and three known saponins,
cyclopassiflosides IX, XI and III were isolated and
identified. This is the first unequivocal report of the
presence of these compounds in P. edulis f. edulis leaves.
The most favorable results of anti-inflammatory activity
were obtained for the flavonoid-rich fraction. All the
fractions and isolated compounds evaluated, presented
high percentages of inhibition of nitric oxide synthase
activity (Urrego et al., 2021).

Conclusion

The potential of Passion fruits (Passiflora edulis) to
prevent UV-induced skin aging as shown in 15 articles
used. According to the findings of this study, the passion
fruits are potential become anti-photoaging cosmetic
ingredients and has effect anti-inflammation. Future
research directions are proposed on how to better utilize
and develop products anti-aging with containing
passion fruits. It is hoped that future research on anti-
aging passion fruit will be conducted with a larger
sample size, gender balance, and age-specific criteria.
Additional prospective studies are required.

1145



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Acknowledgments
The authors would like to thanks to Universitas Udayana for
give occasion for this research.

Author Contributions

Investigation, SW and LAILW; formal analysis, SW and
LAILW; investigation, SSW and L.A.LW; resources, SSW and
L.A.IW; data curation, S.W and I.A.L W; writing — original draft
preparation, SW and LAILW; writing—review and editing,
M.FS and ILG.N.D: visualization, , SW and LA.IW;
supervision, S.W and I.A.ILW; project administration, S.W and
LAIW; funding acquisition, S.W and I.A.LW. All authors have
read and agreed to the published version of the manuscript.

Funding
This research was independently funded by researchers.

Conflicts of Interest

We certify that there is no conflict of interest with any financial,
personal and other relationships with other peoples or
organization related to the material discussed in the
manuscript.

References

Agung, A, Putra, G., Bniarie, D., & Pangkahila, W. L
(2020). Administration of Topical Passion Fruit
Extract Cream (Passiflora edulis) inhibits the
Increase of MMP-1 Levels and Decreases the
Amount of Collagen in Wistar Rats (Rattus
norvegicus) Exposed to UV-B Rays. Journal of
Global Pharma Technology, 10, 225-231. Retrieved
from https://erepo.unud.ac.id/id/eprint/27106/

Cao, S. qin, Aman, Y., Fang, E. F., & Tencomnao, T.
(2022). P. edulis Extract Protects Against Amyloid-
p Toxicity in Alzheimer’s Disease Models Through
Maintenance of Mitochondrial Homeostasis via the
FOXO3/DAEF-16 Pathway. Molecular Neurobiology,
59(9), 5612-5629. https:/ / doi.org/10.1007 /s12035-
022-02904-5

Cordova, F., Zibadi, S., & Watson, R. (2013). Antioxidant
and Anti-Inflammatory Actions of Passion Fruit
Peel Extract in Modifying Osteoarthritis,
Hypertension and Asthma. In Bioactive Food as
Interventions for Arthritis and Related Inflammatory

Diseases (pp- 633-638).
https:/ /doi.org/10.1016/B978-0-12-397156-
2.00255-6

de Jager, T. L., Cockrell, A. E., & Du Plessis, S. S. (2017).
Ultraviolet Light Induced Generation of Reactive
Oxygen Species. Advances in Experimental Medicine
and Biology, 996, 15-23.
https:/ /doi.org/10.1007/978-3-319-56017-5_2

Dewi, N. K, Putra, I. B,, & Jusuf, N. K. (2020). Passion
fruit purple variant (Passiflora edulis Sims var.
edulis) seeds extract 10% cream in acne vulgaris
treatment: an open-label pilot study. International

November 2023, Volume 9 Issue 11, 1142-1147

Journal  of Dermatology, 59(12), 1506-1512.
https://doi.org/10.1111/ijd. 15178

Fisher, G. J. (2002). Mechanisms of Photoaging and
Chronological Skin Aging. Arch Dermatol, 138,
1462-1470. Retrieved from
https:/ /jamanetwork.com/journals/jamadermato
logy /article-abstract/479061

Grigalius, I, & Petrikaite, V. (2017). Relationship
between Antioxidant and Anticancer Activity of
Trihydroxyflavones. Molecules (Basel, Switzerland),
22(12).
https://doi.org/10.3390/ molecules22122169

Huang, D., Ma, F., Wu, B, Lv, W, Xu, Y., Xing, W., Chen,
D., Xu, B, & Song, S. (2022). Genome-Wide
Association and Expression Analysis of the
Lipoxygenase Gene Family in Passiflora edulis
Revealing PeLOX4 Might Be Involved in Fruit
Ripeness and Ester Formation. International Journal
of Molecular Sciences, 23(20).
https:/ /doi.org/10.3390/ijms232012496

Kawakami, S., Morinaga, M., Tsukamoto-Sen, S., Mori,
S., Matsui, Y., & Kawama, T. (2022). Constituent
characteristics and functional properties of passion
fruit seed extract. Life, 12(1).
https:/ /doi.org/10.3390/1ife12010038

Krambeck, K., Oliveira, A., Santos, D., Pintado, M., Silva,
J., Lobo, J., & Amaral, M. (2019). Evaluation of
stilbenes content in Passiflora edulis by-products of the
food industry.
https:/ /doi.org/10.3390/ ECMC2019-06287

Krambeck, K., Santos, D., Sousa Lobo, ]J. M., & Amaral,
M. H. (2023). Benefits of skin application of
piceatannol — A minireview. Australasian Journal of
Dermatology, 64(1), e21-e25.
https://doi.org/10.1111/ajd.13937

Lourith, N., Kanlayavattanakul, M., & Chingunpitak, J.
(2017). Development of sunscreen products
containing passion fruit seed extract. Brazilian
Journal of Pharmaceutical Sciences, 53(1), 1-8.
https:/ /doi.org/10.1590/s2175-
97902017000116116

Maretalinia, Rusmitasari, H., Supriatin, Amaliah, L.,
Sukmawati, E., & Suwarni, L. (2023). Factors
influencing the utilization of the Modern Family
Planning (MFP) method under the National Health
Insurance in Indonesia: An analysis of the 2017
IDHS.  Public  Health of Indonesia, 9(2).
https://doi.org/10.36685/ phi.v9i2.694

Maruki-Uchida, H., Kurita, 1., Sugiyama, K., Sai, M.,
Maeda, K., & Ito, T. (2013). The protective effects of
piceatannol from passion fruit (Passiflora edulis)
seeds in UVB-irradiated keratinocytes. Biological
and Pharmaceutical Bulletin, 36(5).
https://doi.org/10.1248 /bpb.b12-00708

1146



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Matsui, Y. (2010). Extract of passion fruit (Passiflora
edulis) seed containing Collagen, high amounts of
piceatannol inhibits melanogenesis and promotes
11112-, synthesis. Journal of Agricultural and Food
Chemistry, 58(20), 11118.
https:/ /doi.org/10.1021/jf102650d

Mostefa, N., Djebli, N., Khanh, P. N., Ha, N. X., Anh, H.
T.N., Ha, V.T.,Huong, T.T., Anh, D. V., & Cuong,
N. M. (2023). Anti-Alzheimer’s Activity of
Polyphenolic Stilbene-Rich Acetone Fraction of the
Oil-Removed Seeds of Passiflora edulis: in Vivo
and in Silico Studies. Chemistry & Biodiversity, 20(5),
€202201051.
https:/ /doi.org/10.1002/cbdv.202201051

Muslim, M., Jusuf, N. K,, & Putra, L. B. (2023). The effect
of 3% passion fruit purple variant (Passiflora edulis
Sims var. Edulis) seed extract cream on facial skin
aging. Journal —of Pakistan = Association  of
Dermatologists, 33(2), 566-573. Retrieved from
https:/ /www jpad.com.pk/index.php/jpad/artic
le/view /2111

Pullar, J. M., Carr, A. C., & Vissers, M. C. M. (2017). The
roles of vitamin C in skin health. Nutrients, 9(8).
https:/ /doi.org/10.3390/nu9080866

Rittié, L., & Fisher, G.]. (2015). Natural and sun-induced
aging of human skin. Cold Spring Harbor
Perspectives  in  Medicine,  5(1),  a015370.
https://doi.org/10.1101/ cshperspect.a015370

Serban, M.-C., Sahebkar, A., Zanchetti, A., Mikhailidis,
D. P., Howard, G., Antal, D., Andrica, F., Ahmed,
A., Aronow, W. S, Muntner, P, Lip, G. Y. H,,
Graham, I, Wong, N, Rysz, ]., & Banach, M. (2016).
Effects of Quercetin on Blood Pressure: A
Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Journal of the
American Heart Association, 5(7).
https://doi.org/10.1161/JAHA.115.002713

Sies, H. (2015). Oxidative stress: a concept in redox
biology and medicine. Redox Biology, 4, 180-183.
https:/ /doi.org/https:/ /doi.org/10.1016/j.redox.
2015.01.002

Urrego, N., Sepulveda, P., Aragén, M., Ramos, F. A,
Costa, G. M., Ospina, L. F., & Castellanos, L. (2021).
Flavonoids and saponins from Passiflora edulis f.
edulis leaves (purple passion fruit) and its
potential anti-inflammatory activity. The Journal of
Pharmacy and Pharmacology, 73(11), 1530-1538.
https://doi.org/10.1093 /jpp/rgabl17

Wang, A. S., & Dreesen, O. (2018). Biomarkers of
Cellular Senescence and Skin Aging. Frontiers in
Genetics, 9, 247.
https:/ /doi.org/10.3389/fgene.2018.00247

Yepes, A., Ochoa-Bautista, D., Murillo-Arango, W.,
Quintero-Saumeth, J.,, Bravo, K., & Osorio, E.

November 2023, Volume 9 Issue 11, 1142-1147

(2021). Purple passion fruit seeds (Passiflora edulis
f. edulis Sims) as a promising source of skin anti-
aging agents: Enzymatic, antioxidant and multi-
level computational studies. Arabian Journal of
Chemistry, 14(1), 102905.
https:/ /doi.org/10.1016/j.arabjc.2020.11.011
Zhang, J., Tao, S., Hou, G., Zhao, F., Meng, Q., & Tan, S.
(2023). Phytochemistry, nutritional composition,
health benefits and future prospects of Passiflora:
A review. Food Chemistry, 428.
https://doi.org/10.1016/j.foodchem.2023.136825
Zhang, S., & Duan, E. (2018). Fighting against Skin
Aging: The Way from Bench to Bedside. Cell
Transplantation, 27(5), 729-738.
https:/ /doi.org/10.1177/0963689717725755

1147



