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1. Introduction

Biofunctional molecules with pharmacological activities are reported in various fields
of application, including in the pharmaceutical, cosmetics, nutraceuticals, agriculture, and
food industries. Naturally derived bioactive compounds may be developed as therapeu-
tic agents, functional foods, biosurfactants, feed additives, or cosmetical formulations.
Bioactive molecules could be utilized as extracts, fractions, or isolated pure compounds,
where they exhibit various biological effects, including the modulation of specific pro-
tein targets such as enzymes, ion channels, and receptors, as well as regulating cellular
metabolism with a beneficial response. The use of biofunctional molecules and extracts has
been associated with the maintenance and promotion of human health through the pre-
vention and treatment of diseases. The Special Issue “Biofunctional Molecule Exploratory
Research on Application in Food and Health” aimed to emphasize the value of natural
products and their associated bioactive molecules, which can be used for the development
of nutraceutical supplements and as potential cosmeceutical applications.

2. Natural-Product-Based Extracts and Their Functional Properties

Herein, Mahleyuddin et al. [1] have reported the cardioprotective benefits of Co-
riandrum sativum L., a plant belonging to the Apiaceae (Umbelliferae) family, which is
recognized for its use in culinary and traditional purposes. Its cardioprotective benefits
have been described in numerous preclinical animal model studies, which showed po-
tential in inducing antioxidative and antiatherogenic properties, hypolipidemic activity,
antihypertensive potential, and antiarrhythmic activity. Notably, the C. sativum extract
contained active phytochemicals, including flavonoids, phenolic acids, and phytosterols,
which could contribute to its cardioprotective properties.

Meanwhile, Tchetan et al. [2] have identified several bioactive phytochemical com-
pounds from Terminalia leiocarpa (DC.) Baill that pose significant anthelmintic activity.
Terminalia leiocarpa, a type of tree found in India and Africa, has been widely reported for
its use as traditional medicine, as wood, and in energy production. The research group
confirmed that both ellagic and gallic acids, the major compounds isolated from Terminalia
leiocarpa, were the most effective at inhibiting Caenorhabditis elegans viability. Nevertheless,
it is argued that an additive/synergistic effect of the different compounds present in the
extracts contributes to the anthelmintic activity.

Ethnobotanical investigations have shown that Tamarindus indica and Mitragyna inermis
are beneficial for the treatment of diabetes mellitus. Herein, Ouédraogo et al. [3] indicated
that active fractions from these two extracts showed significant antiglycation activity.
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The team also showed that all fractions presented no adverse effects on NIH-3T3 up to
500 µg/mL. The isolated pure compounds from these fractions, including sweroside and
triterpenoids, however, were found to be inactive when tested for the inhibition of fructose-
mediated BSA glycation.

3. Active Pharmacological Constituents and Their Derivates for Potential
Pharmaceutical Applications

Ayoub and team have synthesized two benzoxazole derivatives, namely 2-(4-Chlorophenyl)-
5-benzoxazoleacetic acid (CBA) and its prodrug, methyl-2-(4-chloro-phenyl)-5-benzoxazoleacetate
(MCBA), and reported its efficacy on imiquimod (IMQ)-induced psoriatic mouse model [4]. The
study proved that CBA and MCBA can inhibit psoriasis-associated inflammatory symptoms,
including decreases in erythema intensity, thickness, and desquamation, as well as reductions
in hyperkeratosis and hyperplasia. Notably, these effects were comparable with the reference
drug clobetasol propionate. Interestingly, the protective effects against psoriasis were found to be
stronger in MCBA-treated mice than in CBA-treated mice. Hence, the group proposed that the
development of a prodrug could potentially enhance the antipsoriatic effects.

Meanwhile, the 2,3-Dihydroindoles represent a group of promising agents that exhibit
neuroprotective and antioxidant properties. Herein, Volkova et al. have reported the
synthesis of new 2,3-dihydroindole derivatives as potential melatonin receptor ligands [5].
The research team used several boron hydrides to reduce the functional groups within
2-oxindole and 2-chloroindole molecules, and they proposed that a NaBH4/NiCl2 reagent
led to cyano-group reduction while BH3-based reagents produced simultaneous reductions
in both cyano- and amido-groups of the oxindole ring. The results demonstrated that
the presence of the sp3 carbon at position 3 of the indole ring resulted in a reduction
in melatonin receptor binding affinity, while lipophilic substituents in position 2 of the
melatonin ring can increase the binding affinity to melatonin receptors. Volkova’s group
proposed that the synthesis method can be utilized for producing new analogs of and other
compounds with neuroprotective properties.

On the other hand, Liu et al. have shown that Kawain, a main kavalactone in the kava
plant, exhibits chemopreventive effects against UPII-mutant Ha-Ras transgenic mice [6].
The research findings showed that Kawain enhanced survival and delayed the progression
from hyperplasia to papillary carcinoma in non-muscle invasive urothelial tumor-bearing
mice, as well as reducing urothelial cell carcinoma-induced hydronephrosis and hematuria.
It is proposed that Kawain regulates the mTOR signaling pathway and inhibits bladder
cancer cells’ growth.

Naturally occurring pentacyclic triterpenoid compounds are known to exhibit var-
ious beneficial properties, including antioxidant, anti-inflammatory, antimicrobial, and
antitumor activities. Herein, Zong and team have shown that ursolic acid suppressed the
adhesion and migration of doxorubicin-resistant breast cancer MCF7/ADR cells [7]. It was
demonstrated that ursolic acid can bind to the active site of ornithine decarboxylase and
downregulate its expression, as well as modulate other key tumorigenesis signaling factors,
including phosphorylated Erk (P-Erk), VEGF, and matrix metalloproteinase-9 (MMP-9) ac-
tivity. Notably, ursolic acid increased the intracellular accumulation of Dox in MCF-7/ADR
cells, suggesting that it could regulate tumor progression during the treatment of breast
cancer with doxorubicin.

4. Functional Foods as Natural Health-Promoting Nutritional Supplements

Functional foods containing antioxidant bioactive compounds may serve as potential
nutritional supplements for the prevention and treatment of chronic diseases. Herein,
Tsong and colleagues reviewed the phytochemical compositions and biological activi-
ties of Nephelium lappaceum and Nephelium ramboutan-ake, types of tropical fruit from the
Sapindaceae family [8]. Interestingly, phenolics from these two plants served as potential
antioxidants that contributed to antiaging, antineoplastic, antimicrobial, and hypoglycemic
activities in in vitro and in vivo disease models. It is worth noting that the seeds and fruit
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peels for both plants contained more nutraceutical potential compared to the edible parts.
Tsong et al. highlighted that more investigations are warranted for Nephelium ramboutan-ake,
as knowledge on their active constituents and biological activities is still lacking.

On the other hand, Moshawih et al. have evaluated the pharmacological activities of
Triticum aestivum, more commonly known as wheat, the widely consumed cereal grain [9].
The review showed that the diverse components of wheat, including dietary fiber, resistant
starch, phenolic acids, alkylresorcinols, lignans, and tocols, exhibit protective effects in the
gastrointestinal tract, as well as anticancer, antimicrobial, cholesterol-lowering, phytoestro-
gen, and immune-modulatory activities.

5. Applications of Biomolecules in the Agricultural and Food Processing Industries

In addition to exhibiting potential pharmacological activities, biomolecules are also
applied in other sectors, including the agricultural and food processing industries. Cho
et al. investigated the potential of sophorolipids, a natural glycolipid biosurfactant synthe-
sized by yeast, in various applications in the food processing, agricultural, and healthcare
industries [10]. Sophorolipids were gaining increasing interest due to their structural
diversity and low-cost fermentative production. The review by Cho et al. showed that
sophorolipids and their derivatives are utilized in food preservation, the bioconversion of
food waste, the enhancement of plant growth, wound healing, and as part of antimicrobial
formulating agents.

Meanwhile, the metabolic engineering of glutamate dehydrogenase (GDH) genes
from Pyropia haitanensis, a type of red algae species, may provide insights on GDH en-
zyme activity and its glutamic acid metabolism, which contributes to its nutritional value
and flavor. Herein, Li et al. have shown that PhGDH1 and PhGDH2, two GDH genes
from P. haitanensis, have differential Km values towards various substrates, such as NADH,
(NH4)2SO4, and α-oxoglutarate [11]. It was shown that both enzymes have higher affinity
for NH4

+, suggesting that their capacity for assimilating ammonium is more effective than
that of other, higher plants. In addition, the site-directed mutagenesis of PhGDH2 at posi-
tions Gly193 and Thr361 was important for its catalytic activity, and their expression levels
were significantly increased under abiotic stresses. The findings allow for an improved
understanding of the glutamic acid biosynthetic pathway, which is crucial for improving
the quality of P. haitanensis.

Tannin-based extracts have been shown to possess natural phytocomplexes with health
benefits, and may be used as feed supplements. Mattioli et al. have indicated that tannin-
based extracts from Castanea sativa Mill. wood and Schinopsis balansae Engl. Quebracho
Colorado hardwood contain hydrolysable tannins and condensed tannins, respectively,
and these extracts can induce spontaneous intestinal contractility effects by regulating tone
and food bolus progression [12]. The study proposes that the chemical compositions of
these extracts could provide a foundation for future investigations of chemical compound
classes for their use in the control of contractility within the pharmaceutical or agriculture
sectors, as well as their possible potential in combining different combinations of Castanea
sativa Mill. wood and Schinopsis balansae Engl. hardwood extracts for synergistic effects.

6. Conclusions

In summary, this Special Issue enhances our knowledge on the potential of biomolecules
derived from diverse types of natural products that are present in the form of extracts, for-
mulations, and chemical compounds. Together the research articles and reviews from this
Special Issue can provide useful insights on the applications of biomolecules in pharmaceu-
tical and agricultural industries.

Conflicts of Interest: The authors declare no conflict of interest.



Molecules 2023, 28, 5089 4 of 4

References
1. Mahleyuddin, N.N.; Moshawih, S.; Ming, L.C.; Zulkifly, H.H.; Kifli, N.; Loy, M.J.; Sarker, M.M.R.; Al-Worafi, Y.M.; Goh, B.H.;

Thuraisingam, S.; et al. Coriandrum sativum L.: A Review on Ethnopharmacology, Phytochemistry, and Cardiovascular Benefits.
Molecules 2022, 27, 209. [CrossRef] [PubMed]

2. Tchetan, E.; Ortiz, S.; Olounladé, P.A.; Hughes, K.; Laurent, P.; Azando, E.V.B.; Hounzangbe-Adote, S.M.; Gbaguidi, F.A.; Quetin-
Leclercq, J. Fractionation Coupled to Molecular Networking: Towards Identification of Anthelmintic Molecules in Terminalia
leiocarpa (DC.) Baill. Molecules 2023, 28, 76. [CrossRef] [PubMed]

3. Ouédraogo, R.J.; Aleem, U.; Ouattara, L.; Nadeem-ul-Haque, M.; Ouédraogo, G.A.; Jahan, H.; Shaheen, F. Inhibition of Advanced
Glycation End-Products by Tamarindus indica and Mitragyna inermis Extracts and Effects on Human Hepatocyte and Fibroblast
Viability. Molecules 2023, 28, 393. [CrossRef] [PubMed]

4. Ayoub, R.; Jilani, J.; Jarrar, Q.; Alani, R.; Ardianto, C.; Goh, K.W.; Ali, D.; Moshawih, S. Synthesis and In-Vivo Evaluation of
Benzoxazole Derivatives as Promising Anti-Psoriatic Drugs for Clinical Use. Molecules 2022, 27, 3023. [CrossRef] [PubMed]

5. Volkova, M.S.; Efremov, A.M.; Bezsonova, E.N.; Tsymliakov, M.D.; Maksutova, A.I.; Salykina, M.A.; Sosonyuk, S.E.; Shevtsova,
E.F.; Lozinskaya, N.A. Synthesis of New 2,3-Dihydroindole Derivatives and Evaluation of Their Melatonin Receptor Binding
Affinity. Molecules 2022, 27, 7462. [CrossRef] [PubMed]

6. Liu, Z.; Song, L.; Xie, J.; Wu, X.-R.; Gin, G.E.; Wang, B.; Uchio, E.; Zi, X. Kavalactone Kawain Impedes Urothelial Tumorigenesis
in UPII-Mutant Ha-Ras Mice via Inhibition of mTOR Signaling and Alteration of Cancer Metabolism. Molecules 2023, 28, 1666.
[CrossRef] [PubMed]

7. Zong, L.; Cheng, G.; Zhao, J.; Zhuang, X.; Zheng, Z.; Liu, Z.; Song, F. Inhibitory Effect of Ursolic Acid on the Migration and
Invasion of Doxorubicin-Resistant Breast Cancer. Molecules 2022, 27, 1282. [CrossRef] [PubMed]

8. Tsong, J.L.; Goh, L.P.W.; Gansau, J.A.; How, S.-E. Review of Nephelium lappaceum and Nephelium ramboutan-ake: A High Potential
Supplement. Molecules 2021, 26, 7005. [CrossRef] [PubMed]

9. Moshawih, S.; Abdullah Juperi, R.N.A.; Paneerselvam, G.S.; Ming, L.C.; Liew, K.B.; Goh, B.H.; Al-Worafi, Y.M.; Choo, C.-Y.;
Thuraisingam, S.; Goh, H.P.; et al. General Health Benefits and Pharmacological Activities of Triticum aestivum L. Molecules 2022,
27, 1948. [CrossRef] [PubMed]

10. Cho, W.Y.; Ng, J.F.; Yap, W.H.; Goh, B.H. Sophorolipids—Bio-Based Antimicrobial Formulating Agents for Applications in Food
and Health. Molecules 2022, 27, 5556. [CrossRef] [PubMed]

11. Li, S.; Shao, Z.; Lu, C.; Yao, J.; Zhou, Y.; Duan, D. Glutamate Dehydrogenase Functions in Glutamic Acid Metabolism and Stress
Resistance in Pyropia haitanensis. Molecules 2021, 26, 6793. [CrossRef] [PubMed]

12. Mattioli, L.B.; Corazza, I.; Micucci, M.; Pallavicini, M.; Budriesi, R. Tannins-Based Extracts: Effects on Gut Chicken Spontaneous
Contractility. Molecules 2023, 28, 395. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/molecules27010209
https://www.ncbi.nlm.nih.gov/pubmed/35011441
https://doi.org/10.3390/molecules28010076
https://www.ncbi.nlm.nih.gov/pubmed/36615275
https://doi.org/10.3390/molecules28010393
https://www.ncbi.nlm.nih.gov/pubmed/36615587
https://doi.org/10.3390/molecules27093023
https://www.ncbi.nlm.nih.gov/pubmed/35566373
https://doi.org/10.3390/molecules27217462
https://www.ncbi.nlm.nih.gov/pubmed/36364290
https://doi.org/10.3390/molecules28041666
https://www.ncbi.nlm.nih.gov/pubmed/36838656
https://doi.org/10.3390/molecules27041282
https://www.ncbi.nlm.nih.gov/pubmed/35209071
https://doi.org/10.3390/molecules26227005
https://www.ncbi.nlm.nih.gov/pubmed/34834094
https://doi.org/10.3390/molecules27061948
https://www.ncbi.nlm.nih.gov/pubmed/35335312
https://doi.org/10.3390/molecules27175556
https://www.ncbi.nlm.nih.gov/pubmed/36080322
https://doi.org/10.3390/molecules26226793
https://www.ncbi.nlm.nih.gov/pubmed/34833887
https://doi.org/10.3390/molecules28010395
https://www.ncbi.nlm.nih.gov/pubmed/36615589

	Introduction 
	Natural-Product-Based Extracts and Their Functional Properties 
	Active Pharmacological Constituents and Their Derivates for Potential Pharmaceutical Applications 
	Functional Foods as Natural Health-Promoting Nutritional Supplements 
	Applications of Biomolecules in the Agricultural and Food Processing Industries 
	Conclusions 
	References

