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Analysis of microRNA Toward Exploring a New Functional Component

in Matcha Green Tea

Name: HUANG YI-LAN
Laboratory’s name: Food Chemical Biology

Matcha green tea, a traditional Japanese green tea, has various health-promoting effects;
however, studies on its bioactive components remain limited except for main components such
as catechins, theanine, and caffeine. As a candidate of functional factor, dietary microRNA
(miRNA), a class of functional RNA with approximate 22 nucleotides in length, has been
gaining considerable attentions in biomedical and food functionality research field. Here we
aim to investigate the presence and basic properties of miRNAs in Matcha and to evaluate the

health-promoting effects of Matcha-derived miRNAs.

We revealed for the first time the presence of miRNAs in Matcha, and their levels were
affected by cultivars and harvesting seasons. Comparing with 27 commercially available plant-
based dried powders including vegetable and species, Matcha exhibited the highest RNA yields
and levels of representative miRNAs, indicating that Matcha is a rich miRNA source. To
support future research of miRNAs, we demonstrated that miRNA yields were enhanced by
increasing the hot water temperature accompanied with soaking process. This finding may be
useful when considering consumption methods that allow more functional components to be
consumed to enhance the health-promoting potential of Matcha. Furthermore, we firstly
reported the correlation of miRNAs with main bioactive components in Matcha including
polyphenols, epigallocatechin-3-O-gallate (EGCG), theanine, and caffeine. These results

provide new insights into the potential functionality of Matcha®).

Matcha has been reported to improve lipid metabolism and reduce inflammation;
however, the functional components remain largely unknown. Therefore, we focused on the
effect of Matcha-derived miRNAs on metabolic dysfunction-associated steatohepatitis
(MASH), which is primarily caused by lipid accumulation and inflammation and induces
fibrosis, an important pathological feature leading to cirrhosis and hepatocellular carcinoma.
One representative Matcha-derived miRNA inhibited the hepatic stellate cell activation, which
is a key event contributes to the progress of liver fibrosis. Administration of this miRNA
ameliorated liver fibrosis in a MASH model mouse. These findings are the first to demonstrate

the functional potential of Matcha-derived miRNAs.

1) Huang et al., Food Chem. Mol. Sci., 10, 100265, 2025.
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Name : MOHAMMAD HAMAYOON WARDAK
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Title : Sustainable Preservation Solution for Fruit and Vegetables: Edible Films
and Partial Coating Technologies
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Thesis Summary

This dissertation focuses on the developments and application of innovative edible films and
coating, with particular attention to a groundbreaking partial coating technique to maintain the
postharvest quality and enhance shelf-life of fresh fruits. As global demand escalates for
sustainable and environmentally friendly alternative to traditional plastic packaging, significant
research has focused on natural biopolymer-based coating. These innovative materials not only
function as protective barriers but also provide bioactive properties such as antimicrobial and

antioxidant properties.

The first study introduces a novel partial coating approach that regulates that gas exchange and
moisture transfer by covering the main route of transpiration in perishable fruits. A composite film
formulation — comprising citric acid-crosslinked starch reinforced with cellulose nanofiber (CNF) —
was applied to tomato fruits. This technique addresses critical limitations of conventional full coating,
such as prolong drying time and safety concerns of consumers, while effectively reducing
respiration and moisture transpiration. Incorporating CNF enhanced the film’s mechanical, thermal
and barrier performance. Storage trials revealed no significant differences between the partial and
full coatings, in terms of weight loss, firmness and color parameter, though both coating methods

were outperformed uncoated fruits.

The second study explores the optimization of an edible coating composed of sodium alginate and

kiwifruit seed essential oil (KSO) to improve the postharvest quality of persimmon fruits. The



formulation was optimized to achieve enhanced film barrier, mechanical, thermal, structural integrity,
and bioactive retention. The partial coating strategy was designed to allow selective coverage,
maintaining physiological balance and extend the shelf life of persimmon. This work underscores
the potential of the innovative approach of partial coating with SA and KSO coating materials to
preserve the quality of persimmon fruits during storage and suggests that it can extend the shelf-life

and marketability of this product.

Building on these findings, the third study evaluates how drying conditions influence the structural
and functional characteristics of sodium alginate films enriched with kiwifruit seed essential oil
(KSO). This research demonstrates that drying temperature plays a vital role in determining film
morphology and performance, with moderate temperatures promoting uniform oil dispersion and
film integrity while higher drying temperature causes phase separation and structural discontinuity.
The study provides valuable insights for optimizing manufacturing protocols to ensure consistent
quality in biopolymer-based packaging, reinforcing the potential of sustainable food preservation

technologies.

Collectively, these studies demonstrate a comprehensive approach to edible coating development,
integrating innovation formulation, process optimization, and targeted application. The research
underscores the advantages of combining natural biopolymers such as starch, sodium alginate, and
cellulose nanofibers with bioactive plant-based oils to create coatings that are not only safe and
eco-friendly but also effective in prolonging shelf life of fruits. The novel partial coating technique

introduced in this work offers a promising alternative to conventional methods.
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Thesis Summary

Nanomaterials were used to improve the characteristics of edible coating based on
carboxymethylcellulose (CMC) as the link between the based materials and other ingredients to
form stronger bond structure. This helps to retain the structure in the hardship environment or
conditions, making them suitable for prolonging the shelf life and quality of objectives such as
fruits or foods. These coating helps to cover the surface of objectives and protect them of
respiration process. The purposes of this study were to prepare films/coatings for fresh fruit
storage using nanomaterials as a sub-material combined with CMC and essential oils. The study
was divided into three points as follows:

1) Effect of edible coating incorporating cellulose nanofibers and self-produced Mandarin Qil
based on sodium carboxymethyl cellulose on strawberries

2) Effect of coatings incorporating cellulose nanofibers and 1-methylcyclopropane or
mandarin peel extract on the freshness and metabolic profiles of cold stored strawberry

3) Application of green pomelo peel essential oil-based carboxymethylcellulose coatings
reinforced with nano chitosan and nano cellulose fibers during the drying process on dried
silkworms

In the first step, edible coatings were prepared using a mixture of 1.0 % (w/v) sodium
carboxymethyl cellulose (CMC), 0.5 % (w/v) cellulose nanofibers (CNF), and varying
concentrations of mandarin oil (MO) at 0.05, 0.1, 0.2, 0.3, or 0.4 % (w/v). The research
investigated the physicochemical characteristics and antifungal activities of the films on Boftrytis
cinerea (B. cinerea). CMC/CNF/MO coatings were used to preserve the strawberries (Amaou).
The changes in quality and antifungal activity on the strawberries were assessed during storage
at 5 °C and 85 £ 5% relative humidity (RH). Results showed the major components of MO include
B-pinene, limonene, and methyl palmitate. The addition of MO into coatings indicated a
significant effect on the properties of coating solutions as well as the film characteristics as
shown in b* and roughness values increased strongly. The coatings contained MO also
represented a marked effect on fruit weight loss and antifungal activity against B. cinerea strain
both in vitro and in vivo. The addition of MO at a concentration of 0.05% illustrated the significant
effect in controlling weight loss and antifungal activity on strawberries.

Further study, the application of coatings is a strategy for maintaining the freshness of



highly perishable fruits. This research aimed to evaluate the quality indices of strawberries
(Amaou) coated with new coatings based on the sodium carboxymethyl cellulose (CMC) and
cellulose nanofibers (CNF) with incorporated mandarin peel extract (ME) or
1-methylcyclopropene (1-MCP) during storage at 20 days at 5 °C and 85% relative humidity (RH).
Dissolving the coating solution containing ME in 1-MCP maintained its color for up to 50 days.
Coating enhanced with ME and/or 1-MCP maintained fresh strawberries more effectively than
the control, reducing weight loss and maintaining firmness, total soluble solids (TSS), citric acid,
colour, and total phenolic content. The CCM2-2 coating solution showed superior effects on the
weight loss and relative percentages of strawberry metabolites compared to the other coatings,
as confirmed by the different components.

Lastly, the application of edible coatings to dried products such as silkworms (Bombyx mori) is an
innovative method for preserving nutrients during drying process. These coatings are made from
safe, natural ingredients such as carboxymethylcellulose (CMC), nano cellulose fiber (NCF), nano
chitosan (N-Ch), and varying concentrations of green pomelo peel essential oil (GPO). The results
revealed that the addition of GPO into coating/film significantly changed the pH, viscosity, and TSS
values of the coating solutions while reducing film weight loss, particularly in the CCG3 film
(61.93%). CCG3 also showed the strongest antibacterial effect against “Staphylococcus aureus”
and maintained lower silkworm moisture content compared to other samples. Metabolic analysis
revealed that certain compounds, such as 2-Hydroxyglutaric acid-3TMS and malic acid-3TMS, were
more robust in CCG3. X-ray CT image analysis using image processing technology showed high
accuracy, with the porosity area in the CCG3 sample being greater. These findings highlighted the
potential application of edible coating in drying process to protect the nutrients of dried products.

To summarize, using different nano material combinations based on CMC can greatly extend the
shelf-life of fruits and keep quality of dried silkworms, this combination is expected to become a new
direction in food preservation technology.
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Thesis Summary

Enterococci are gram-positive, cocci-shaped, facultative anaerobic bacteria. Enterococci are
commonly found in various foods, including vegetables, fermented sausages, and cheeses.
Furthermore, they are considered undesirable organisms in processed meats, as they can lead to
food spoilage. They are characterized by their ability to survive in harsh conditions like high salt
concentrations (6.5%) and a wide range of temperatures and pH levels. E. faecalis and E. faecium
are the main enterococcal species responsible for various life-threatening infections, including
urinary tract infections, bacteremia, nosocomial infections, and endocarditis. They may also be
associated with foodborne iliness due to their enteric habitat and capacity to enter the food chain, as
well as their resistance to a broad spectrum of antibiotics, virulence genes, and ability to form
biofilms on both biotic and abiotic surfaces.

Firstly, E. faecalis used was isolated from various Egyptian and Japanese food sources,
including raw milk and vegetables. These isolates were characterized and showed resistance to a
wide range of antibiotics like kanamycin, gentamicin, rifampicin, and ciprofloxacin. Furthermore, all
isolates showed the ability to form biofilm and were classified as strong, moderate, and weak biofilm
producers. Five bacteriophages (phages) were isolated from different food samples, including cow
faeces, compost, and raw milk. A phage, named vB_EfKS5, was selected and further characterized
based on its wide host range, high reproducibility, and productivity within different enterococcal
hosts. This phage lysed 70.85% of E. faecalis tested isolates and 42.85% of E. faecium. Phage
vB_EfKS5 showed high reproducibility with an efficiency of plating of 0.5 or higher, which showed
the potential of this phage in controlling different hosts of E. faecalis. The genome of phage
vB_EfKS5 is double-stranded DNA, 59,246 bp in length, and has 125 open reading frames. It does
not contain any virulence, resistance, or lysogenic genes. Four major groups were identified and
had functions related to DNA replication and protein regulation, DNA packaging, structure, lysis of
the host, and additional functions. This phage showed stability at different temperatures up to 70°C
and pH ranging from 3 to 12. It could reduce the biofilm biomass of E. faecalis with different
multiplicities of infection. The combination of phage vB_EfKS5 with nisin reduced the total viable
counts of E. faecalis in broth and milk, revealing synergistic actions.

Secondly, phages vB_EfKS5 and PEF9 are lytic phages with lytic activities against



Enterococcus spp. and encode endolysins designated as LysEf-5 and LysEf-9, respectively. LysEf-5
and LysEf-9 consist of 714 aa and 724 aa, and their molecular masses are 26.4 and 26.5 kDa,
respectively. Both belong to the N-acetylmuramyl-L-alanine amidase family of endolysins. LysEf-5
and LysEf-9 showed 99% identity. LysEf-9 was selected for further characterization and analysis.
The modular structure of LysEf-9 consisted of two basic structures: the binding domains, which are
responsible for binding to the host surface receptors, and the enzymatically active domain, which
plays the main role in the lysis activity of endolysin. LysEf-9 was able to reduce the turbidity of E.
faecalis JCM 7783 with different concentrations, and the concentration of 125 pug/ml reduced the
ODesoo from 0.6 to 0.3. The host range experiment showed the wide spectrum of LysEf-9 as it
infected 12 out of 15 E. faecalis and 3 out of 6 E. faecium. Also, it showed specificity to enterococci,
as it did not lyse any other tested species.

Thirdly, a bacteriocin-producing Enterococcus strain was isolated from raw milk collected
from the Kyushu University farm. The culture-free supernatant, crude bacteriocin, was isolated and
partially purified using the ammonium sulfate precipitation method. The resistant mutant of phage
vB_EfKS5 was isolated and used as a host strain, besides E. faecalis JCM 7783 and E. faecium
FHC 26. The crude bacteriocin showed lytic activity against 17 out of 20 tested enterococci and an
isolated phage-resistant mutant. Using LysEf-9 with the crude bacteriocin reduced the viable count
of E. faecalis JCM 7783 by 2.45 log after 24 h. In addition, LysEf-9 with phage vB_EfKS5 retarded
the growth of the phage-resistant mutant. LysEf-9 lowered the viable count of E. faecalis JCM 7783,
E. faecium FHC26, and the phage-resistant mutant in the 48-h biofilm by 3 log, 2 log, and 1.5 log,
respectively. The combination of LysEf-9 with crude bacteriocin reduced the total viable count of the
indicator strains by at least 3 logs.

Finally, a phage, named vB_EfS_C1, was isolated against E. faecium. The genomic
analysis of the phage revealed that its length is 86,777 bp and it contains lysis-related genes like
endolysin, holin, lysozyme, and endopeptidase. A competent cell from E. faecalis JH2-2 was
prepared with high transformant efficiency. Two plasmids, pMG3c-pCas-9 and pRNSA-pCas-9, were
constructed using Gibson assembly and transformed into E. coli BL21. A spacer consisting of 20 bp
downstream of the PAM site was introduced into the plasmid and transformed into E. coli BL21 and
then into E. faecalis JH2-2 competent cells. The site-specific mutation in the phage tail spike protein
and recombinase protein was tested using a CRISPR plasmid and mutagenesis, such as ultraviolet
(UV) and chemical mutagens. These trials aimed to enhance the phage lysis efficiency and expand
its host range.

This study successfully isolated and characterized phages, endolysins, and crude bacteriocins
against drug-resistant enterococci and phage-resistant mutants and provided a framework for
improving phage-based control through genomic characterization and modification.





