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Rohit Patil1 , Tejswini Sontakke2 , Ashwini Biradar3 , Dinesh Nalage4*

1Department of Botany, Government Institute of Science, Aurangabad 431004, India. 2Department of Zoology, MGV's, MPH Mahila College, Malegaon 423105,
India. 3Department of Microbiology, Dr. B. A. M. University, Sub Campus Osmanabad, Osmanabad 413501, India. 4Department of Molecular Biology &
Microbiology, One Step Molecular Diagnostic, Aurangabad 431003, India.

*Corresponding to: Dinesh Nalage, Department of Molecular Biology & Microbiology, One Step Molecular Diagnostic, 109/1 B, Sector Subhaschandra Bhosh
Nagar, TV centre , Aurangabad 431003 (MH), India. E-mail: dineshnalage@gmail.com.

Author contributions
RP, TS and AB conducted the investigation, collected and
curated the data, and wrote the original draft of the
manuscript. DN contributed to the development of the initial
concept of the study and was responsible for the design and
implementation of the methodology. Additionally, he reviewed
and edited the manuscript, created visualizations and
supervised the overall progress of the study. All authors have
read and approved the final manuscript.
Competing interests
The authors declare no conflicts of interest.
Acknowledgments
This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.
Peer review information
Food and Health thanks Guang-Shan Zhao, Jing Chen and
other anonymous reviewers for their contribution to the peer
review of this paper.
Abbreviations
HPA, hypothalamic-pituitary-adrenal; NPase, nucleoside
phosphorylase.
Citation
Patil R, Sontakke T, Biradar A, Nalage D. Zinc: an essential trace
element for human health and beyond. Food Health
2023;5(3):13. doi: 10.53388/FH2023013.

Executive editor: Guang-Ze Ma.
Received: 03 June 2023; Accepted: 04 July 2023; Available
online: 10 July 2023.
© 2023 By Author(s). Published by TMR Publishing Group
Limited. This is an open access article under the CC-BY license.
(https://creativecommons.org/licenses/by/4.0/)

Abstract
Zinc is an essential element that plays a crucial role in the chemistry and biochemistry of
living organisms. It serves as a cofactor for numerous enzymes and transcription factors,
contributing to DNA synthesis, protein synthesis and cellular metabolism. Additionally, zinc
acts as a structural component of proteins and participates in cellular signaling pathways.
The chemistry of zinc is determined by its electronic configuration, and it readily forms
coordination complexes with various ligands. This review explores the diverse functions of
zinc in the body, including its involvement in enzyme activity, immunity, neutrophil
function, modulation of allergies, its relationship with COVID-19, antioxidant and
anti-inflammatory properties, mental health, pregnancy and wound healing. Zinc has a
history of use in traditional medicine systems, and its benefits and applications should be
evaluated in the context of current scientific research and medical guidelines.
Understanding the roles of zinc in these processes highlights its importance as an essential
nutrient for overall health and provides insights into potential therapeutic applications.
However, further advancement in understanding the biological function of zinc requires
addressing certain limitations. These include overcoming methodological challenges,
investigating tissue and cell-type specificity, understanding zinc interactions and
redundancy, and employing integrated approaches, advanced imaging techniques,
comparative studies, and systems biology approaches to gain a deeper understanding of
zinc’s implications in health and disease.
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Background

There are nine trace minerals that are considered nutritionally
essential for humans: zinc, iron, selenium, copper, iodide,
molybdenum, manganese, cobalt and chromium (Table 1) [1]. Each of
these components contributes less than 0.01% to the total body
weight. While it is established that the nutritional necessity of certain
microminerals (e.g., boron) can be confirmed, and in one case
(fluoride), it is partly a matter of semantics. The functional effects of
these components as nutrients encompass a wide range, influencing
the likelihood and severity of nutrient deficiency or imbalances that
have therapeutic and/or public health significance [2].

Zinc and its chemistry and biochemistry

Zinc is a chemical element with the symbol Zn and atomic number 30.
It is a transition metal, meaning it has properties of both metals and
nonmetals. Zinc is a relatively abundant element in the Earth’s crust,
and it is essential for the biochemistry of all living organisms .
In terms of biochemistry, zinc acts as a cofactor for numerous

enzymes and transcription factors. It plays a crucial role in facilitating
the catalytic activity of enzymes involved in DNA synthesis and repair,
protein synthesis, and cellular metabolism. Additionally, zinc serves as
a structural component of proteins, contributing to the stabilization of
their three-dimensional structure. Apart from its involvement in
enzymatic and structural functions, zinc participates in cellular
signaling pathways. Studies have revealed its ability to modulate the

activity of various signaling molecules, such as kinases and
phosphatases. Furthermore, zinc can influence gene expression by
binding to specific transcription factors [3].
Zinc’s chemistry is largely determined by its electronic
configuration, which consists of two electrons in the outermost shell.
As a result, zinc exhibits relatively high reactivity, particularly in the
presence of acids or oxidizing agents. In its common form, zinc exists
in the +2 oxidation state, indicating a loss of two electrons. This
particular state renders zinc highly soluble in water and enables it to
readily form coordination complexes with various ligands.
Additionally, zinc ions have the capability to form insoluble salts
when combined with anions like sulfate and carbonate.
In biological systems, zinc typically forms complexes with proteins
and other biomolecules, rather than existing in a free ion state. The
binding sites for zinc in proteins can be categorized into various types
based on the coordination geometry, as well as the number and
identity of the ligands involved.
Overall, the chemistry of zinc and its biochemistry are intricately
linked, as zinc fulfills crucial functions in a diverse range of cellular
processes. Its role as a cofactor, structural component, and signaling
molecule makes it an indispensable nutrient for all living organisms
(Figure 1) [4].

Zinc and traditional medicine

Traditional medicine refers to the practices and knowledge that have
been developed over generations within various cultures and are often
based on indigenous beliefs and experiences. Zinc has found its place

Table 1 Organ and processes that play a significant physiological function in sustaining trace mineral homeostasis in the whole body
Mineral Iron Copper Manganese Zinc Iodide Selenium Chromium Molybdenum

Gastrointestinal
tract

Absorption Single major site Substantial Major Major – – – –
Endogenous
excretion – Major (liver) Major (liver) Major – – – –

Kidneys – – – Minor Major Major Major Major

Figure 1 Zinc and its roles in body functions
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in traditional medicine systems worldwide, including traditional
Chinese medicine, Ayurveda and Unani medicine [5]. In traditional
Chinese medicine, zinc is attributed with cooling and astringent
properties. It is frequently utilized to eliminate heat and toxins from
the body, and it is commonly included in herbal formulas for
addressing ailments like diarrhea, skin disorders and fevers [6].
Ayurveda, an ancient holistic healing system from India, recognizes

the significance of zinc in maintaining health. According to Ayurvedic
principles, zinc helps balance the Pitta dosha, one of the three
biological energies, and plays a role in the metabolism of other
minerals within the body. It is utilized to support healthy digestion,
boost the immune system, and treat conditions such as acne, hair loss,
and wound healing [7, 8].
Unani medicine, which originated in ancient Greece and was later

adopted and developed in the Arab world, also utilizes zinc in its
treatments. It is believed to have a strengthening effect on the body
and is employed to address various ailments, including skin
conditions, respiratory disorders, and sexual health issues [7].
Indeed, it is crucial to acknowledge that traditional medicine systems
may have different perspectives and approaches compared to modern
scientific understanding. While traditional medicine recognizes the
potential benefits of zinc, it is important to remember that the
traditional uses of zinc should not be seen as substitutes for
evidence-based medicine or medical advice. When considering any
form of treatment, whether traditional or modern, it is always
advisable to consult a qualified healthcare professional to ensure the
most appropriate and safe approach for individual circumstances.

Zinc and enzymes

Zinc plays a crucial role in the functioning and maintenance of over
200 enzymes [9]. It was hypothesized that the cellular levels of zinc
could regulate physiological processes by influencing the development
and/or modulation of zinc-dependent enzymes. However, before
1966, there was limited evidence to support this idea in laboratory
animals. In 1967, Prasad et al. conducted a study, first time
demonstrating that zinc-deficient pigs and rats exhibited reduced
tissue function in areas containing zinc and zinc-dependent enzymes
compared to pair-fed controls. Additionally, in 1974, Prasad and
Oberleas reported that zinc deficiency adversely affected the function
of deoxythymidine kinase, an enzyme involved in the rapid
regeneration of collagen connective tissue in rats [10]. As
zinc-dependent enzymes play crucial roles in cell division and DNA
synthesis, their impairment due to zinc deficiency can contribute to
growth retardation in both animals and humans. Zinc also stimulates
protein metabolic enzymes such as carbonic anhydrase, which is
important for immune response and the transportation of carbon
dioxide.
Zinc-dependent enzymes are involved in various aspects of cell

division. One such enzyme is topoisomerase, which plays a critical
role in DNA replication and DNA repair. Topoisomerases help relieve
the strain and torsion that occur during DNA unwinding and
rewinding processes. Zinc ions assist in stabilizing the structure of
topoisomerases, enabling them to carry out their vital functions
effectively [11]. In 1975, Giblett et al. documented a case of a
5-year-old girl with significantly deficient immunity to mild B-cells,
T-cells and phosphorylase nucleoside deficiency. The nucleoside
phosphorylase (NPase) enzyme catalyzes the reaction that converts
inosine to hypoxanthine and guanosine, and deoxyguanosine to
xanthine. It is calculated that the accumulation of deoxyguanosine is
harmful to T cells. In a test model of human zinc insufficiency, it was
observed that NPase activity in lymphocytes was diminished in
zinc-inadequate subjects and that reduced NPase activity may partly
explain abnormal T cell function in zinc insufficiency [12].

Zinc and immunity

Zinc influences several facets of the immune system that are essential
for immune function. It is necessary for the normal production and

functioning of neutrophils, natural killer cells and innate
immune-mediating cells [13]. Additionally, it affects macrophages,
and a deficiency in zinc has negative effects on their development and
activity. The deficiency also impacts the development and function of
B and T cells. It interferes with cellular activities such as intracellular
killing, phagocytosis, and cytokine production. Zinc is required for
DNA synthesis, RNA transcription, cell differentiation and cell
signaling. Furthermore, zinc deficiency increases the susceptibility to
apoptosis (programmed cell death). Zinc deficiency has a detrimental
effect on the production and function of cytokines, which are essential
messengers in the immune response. In laboratory animals, zinc
deficit has been shown to contribute to the atrophy of thymic and
lymphoid tissues for several years. In young zinc-deficient mice,
thymic atrophy, a decrease in the total number of splenocytes, and a
weakened response to both T-cell-dependent and independent
antigens were observed [14]. After only 2 weeks, animals on a
zinc-deficient diet exhibited a significant impairment in their ability to
elicit cytotoxic responses to tumor tests. A decrease in cytotoxic
T-killer cell activity in response to allogeneic tumor cells and impaired
cell-mediated response to non-H2 allogeneic tumor cells were also
observed in zinc-deficient mice. Studies conducted in the Middle East
revealed that most of the zinc deficient dwarfs died by the time they
were 25 years old. The cause of death appeared to be related to
diseases, indicating that zinc deficiency might have adversely
impaired immune functions. Thymulin, a hormone unique to the
thymus, is found in serum and requires zinc for its biological function.
Thymulin binds to T cells through high-affinity receptors, leading to
the induction of multiple T cell markers and promoting T-cell activity,
including allogeneic cytotoxicity, suppressor functions and the
production of IL-2. Research conducted by Prasad et al. demonstrated
decreased production of serum thymulin, reduced expression of IL-2
and IFN mRNAs, diminished generation of IL-2 and IFN, decreased
natural killer cell lytic production, and impaired T-cytolytic cell
activity in humans with zinc deficiency. No improvements were found
in Th2 cytokines. As a result, zinc deficiency shifts the balance from
Th1 to Th2 functions, negatively impacting cell-mediated immunity
[15].

Zinc and neutrophils

In 1982, Briggs et al. stated that granulocytes exhibited reduced
sensitivity in zinc-deficient uremic subjects and displayed decreased
chemokinetic and chemotactic activities compared to
zinc-supplemented individuals. In a trial model of human zinc
inadequacy, it was observed that the movement of NPase in
lymphocytes was diminished in zinc-insufficient subjects. This
diminished NPase activity may partially account for abnormal T cell
function in zinc inadequacy. Therefore, zinc appears to play a
significant role in chemotaxis [16].
Additionally, recent research has revealed the crucial role of zinc in
the activation and regulation of neutrophils, a type of white blood cell
that plays a critical role in the body’s immune response to infection
and inflammation. Zinc is essential for the proper functioning of
enzymes involved in the respiratory burst, a process through which
neutrophils generate reactive oxygen species to eliminate invading
pathogens [17]. Furthermore, zinc regulates the expression of genes
associated with neutrophil activation and cytokine production, which
are vital for the recruitment of immune cells to the infection site.
Studies have indicated that zinc deficiency can impair neutrophil
function, resulting in an increased susceptibility to infections and
inflammation. Conversely, both animal models and human studies
have demonstrated that zinc supplementation can improve neutrophil
function [17].

Zinc and allergy

In a particular study, the effect of zinc during allergic immune
reaction on cell development, CD4+ regulatory T (Treg) cells and
cytokine expression was investigated [18]. Peripheral blood
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mononuclear cells from atopic and nonatopic samples was combined
with preincubated timothy green allergens without or with (50 μM) of
zinc.
The inclusion of zinc (at a concentration of 50 μM) along with

allergens in CD3+ T cells led to a significant reduction in the
proliferation of atopic subjects’ peripheral blood mononuclear cells.
Furthermore, the combination of zinc and allergen resulted in an
improvement in Th1 cytokines, as evidenced by an increased
IFN-γ/IL-10 ratio, along with an observed increase in the production
of T cells. Zinc tended to downregulate hyperresponsive cells that
were not necessary. There has been a major change from IL-10 to Th1
cytokine IFN-γ and enhanced T cell production. This study indicates
that zinc supplementation could have beneficial effects as a treatment
for allergies, without adversely affecting the immune system.
T lymphocytes play a crucial role in controlling and coordinating

immune responses in allergic disorders. Among them, regulatory T
cells are responsible for suppressing the activity of CD4+ effector T
cells, CD8+ T cells, antigen-presenting cells, natural killer cells and
even B cells. In patients with asthma and allergic rhinitis, there is a
notable decrease in the production of T cells, leading to the expansion
of Th2 cells [19].
Allergies are classified as Th2-driven diseases and are are frequently

followed by a zinc deficiency, making them a target for modulating
allergic immune reactions through zinc supplementation. In addition
to Th2 cells, Th1 and Th17 cells also contribute to
hyperresponsiveness and allergic inflammation. Treg inhabits T-cell
activation upon sensitivity to allergens but in atopic individuals this
mechanism is not optimum. Patients with allergic asthma often exhibit
impaired Treg-mediated suppression, which correlates with reduced
serum zinc levels, as reported in multiple studies. Supplementation
with zinc can help restore Treg function. Furthermore, zinc deficiency
during breastfeeding has been linked to an increased risk of allergies
in children.

Zinc and COVID-19

Since the onset of the COVID-19 pandemic, numerous studies have
investigated the potential role of zinc in combating the virus. Zinc has
been proposed to possess antiviral properties and may hinder viral
replication. One study demonstrated that zinc ionophores could aid in
inhibiting the replication of SARS-CoV-2. Additionally, zinc may assist
in preventing cytokine storms, which are associated with severe cases
of the disease. Zinc is crucial for the production and activation of T
cells, which are integral to the immune response against COVID-19
[20].
Several clinical trials have been conducted to assess the

effectiveness of zinc supplementation in patients with COVID-19. One
randomized controlled trial indicated that high-dose zinc
supplementation was linked to a reduced hospitalization duration and
a decreased need for intensive care unit admission [21]. Another study
demonstrated that combining zinc supplementation with
hydroxychloroquine and azithromycin improved clinical outcomes in
COVID-19 patients. However, further research is necessary to
determine the optimal dosage and duration of zinc supplementation
for COVID-19 patients. Overall, zinc seems to play a significant role in
the immune response against COVID-19 and shows promise as a
preventive and therapeutic agent.

Zinc as a functions of antioxidant and anti-inflammatory agent

Oxidative stress and systemic inflammation are major risk factors in
various chronic illnesses, such as atherosclerosis and related arterial
conditions, mutagenesis and cancer, neurodegeneration,
immunological disturbances and the aging process. Zinc deficiency
itself has been associated with an increased production of IL-1β by
monocytes-macrophages in experimental human models. In elderly
individuals and patients with sickle cell disease who are deficient in
zinc, elevated oxidative stress and higher levels of inflammatory
cytokines have been observed, which can be reduced with zinc

supplementation. In cell culture experiments using HL-60, a
promyelocytic leukemia cell line, it was found that zinc enhanced
mRNA upregulation and the specific binding of A-20 DNA, a
transactivating agent that prevents NF-ƘB activation. A study has
indicated that zinc supplementation can reduce the levels of
inflammatory cytokines by upregulating the negative feedback loop
A-20, thereby preventing the activation of NF-ƘB. It showed that zinc
in human monocytic leukemia THP-1 cells and human aortic
endothetial cells decreased the production of TNF-α average, IL-1β
average, VCAM-1, and MDA+HAE and the activation of NF-ƘB
average and increased A-20 and peroxisome proliferator-activated
receptors. These findings suggest that zinc may have a protective
effect in chronic diseases involving oxidative stress and systemic
inflammation [22, 23].
In addition to its antioxidant and anti-inflammatory properties,
recent studies have shown that zinc has been found to have a
significant impact on immune responses by regulating oxidative stress
and inflammation. Zinc functions as a cofactor for antioxidant
enzymes like superoxide dismutase, which aids in reducing oxidative
stress within cells. It also inhibits the production of reactive oxygen
species and nitric oxide, both of which contribute to inflammation.
Taken together, these findings highlight the crucial role of zinc in
modulating oxidative stress, inflammation, and immune responses.
Consequently, zinc may hold therapeutic potential for the treatment of
various chronic diseases [24].

Zinc and mental health

Recent research suggests that zinc may also have a significant impact
on mental health. Zinc deficiency has been associated with various
mental health disorders, including depression, anxiety, attention
deficit hyperactivity disorder and Alzheimer’s disease. Zinc is involved
in numerous processes that affect the brain and its functioning. It is
necessary for the proper functioning of neurotransmitters, including
serotonin, dopamine and norepinephrine, which are essential for
regulating mood, cognition and behavior. Zinc is also involved in the
regulation of the hypothalamic-pituitary-adrenal (HPA) axis, which is
responsible for the body’s response to stress. The HPA axis regulates
the production of cortisol, a hormone that is involved in the body’s
response to stress. Zinc deficiency can lead to dysregulation of the
HPA axis and an increase in cortisol levels, which can lead to anxiety
and depression [25].
Studies have found that zinc supplementation can have beneficial
effects on mental health. In a study published in the Journal of
Affective Disorders, Swardfager et al. (2013) found that zinc
supplementation improved mood and reduced symptoms of
depression in patients with major depressive disorder [26]. Another
study found that zinc supplementation improved cognitive function
and reduced symptoms of depression in patients with Alzheimer’s
disease.
In contrast, zinc deficiency has been associated with various mental
health disorders. In a study published in the Journal of Affective
Disorders, researchers found that zinc levels were significantly lower
in patients with major depressive disorder compared to healthy
controls. In another study published in the Journal of Child
Psychology and Psychiatry, researchers found that children with
attention deficit hyperactivity disorder had lower levels of zinc in
their blood than healthy controls [27].
The evidence linking zinc deficiency to mental health disorders
emphasizes the significance of sufficient zinc intake for optimal
mental well-being. However, it is essential to be aware that excessive
zinc intake can be harmful and potentially toxic. Therefore,
maintaining a balanced and healthy diet that provides adequate zinc
intake is crucial. It is recommended to consult with a healthcare
professional or a registered dietitian to determine the appropriate zinc
intake and ensure a well-rounded nutritional approach to support
mental health.

Zinc and pregnancy
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Pregnant women face an increased risk of zinc deficiency due to the
greater demand for this nutrient by the developing fetus. Extensive
research has shown that zinc deficiency during pregnancy is
associated with various adverse outcomes, including preterm birth,
low birth weight and congenital abnormalities. Adequate zinc intake
during pregnancy is crucial for the prevention of these adverse
outcomes. Studies have reported that zinc supplementation during
pregnancy can lead to a reduced risk of preterm birth, low birth
weight, and congenital abnormalities [28, 29]. This is because zinc
plays a vital role in regulating DNA synthesis, cell proliferation, and
differentiation, all of which are critical for fetal growth and
development. Therefore, it is important for pregnant women to ensure
they have adequate zinc intake through a well-balanced and
nutrient-rich diet or, if necessary, through zinc supplementation under
the guidance of a healthcare professional. As with any supplement, it
is important to follow the recommended dosage and avoid excessive
zinc intake, as excessive levels can be harmful to both the mother and
the developing fetus [30].

Zinc and wound healing

Zinc plays a crucial role in all stages of the wound healing process,
including inflammation, proliferation, and remodeling. It affects the
immune system, protein synthesis and collagen formation, all of which
are essential for wound healing. Zinc deficiency can impair the
healing process, while zinc supplementation has been proposed to
accelerate wound healing. Numerous studies have explored the impact
of zinc on wound healing, with promising findings. For instance, a
study on burn patients found that zinc supplementation led to faster
wound healing, reduced hospitalization duration, and improved
overall outcomes of the patients [31]. Another study focused on
diabetic foot ulcers and revealed that zinc supplementation
significantly shortened the healing time and enhanced the patients’
quality of life [32]. Zinc possesses antimicrobial properties, has been
shown to inhibit the growth of various microorganisms that could
cause wound infections. Due to its antimicrobial effects and wound
healing promotion, zinc oxide is commonly used in wound dressings.

Zinc and taste perception

One important role of zinc is in the proper functioning of taste buds.
Zinc is required for the maturation and differentiation of taste
receptor cells, and it contributes to the maintenance of taste bud
structure and function [33]. Inadequate zinc levels can result in taste
disorders, including a reduced ability to perceive bitter, sweet, sour
and salty tastes. This can lead to a loss of appetite, potentially
resulting in malnutrition and other health problems.
Indeed, studies have demonstrated that zinc supplementation can be

beneficial in improving taste perception, particularly in individuals
with zinc deficiency. For example, in a study involving elderly
individuals with zinc deficiency, zinc supplementation was found to
enhance taste acuity, highlighting the role of zinc in maintaining
proper taste perception [34]. Moreover, zinc has shown potential in
enhancing the effectiveness of chemotherapy drugs that may cause
taste alterations as a side effect. By improving taste perception, zinc
supplementation can contribute to enhancing the quality of life for
cancer patients undergoing chemotherapy [35]. These findings
suggest that zinc supplementation can have positive effects on taste
perception and may be beneficial in specific clinical contexts.

Zinc and ecotoxicology

Zinc is naturally found throughout the world in various forms, such as
rocks, dirt, water and air. Over the course of evolution, all living
organisms have relied on the presence of zinc in their ecosystem to
carry out vital metabolic functions. As a result, zinc is considered an
essential element within all ecosystems, playing a crucial role in the
functioning of all living organisms. The living species are sensitive to
their ecosystem’s normal abundance of zinc. In fact, they established

methods for preserving optimal living conditions as this degree of
focus differs from the normal norm. However, any significant
fluctuations in zinc production can disrupt these conditions,
consequently affecting the overall balance of the environment.
Fortunately, amounts of zinc in European environments, resulting
either through human actions (such as ambient degradation of rolled
zinc and galvanized steel, wear and tear of car tyres, fertilizers and
animal feed, etc.) or from natural pollution (mainly from volcanic
activity on Earth), stay beyond the limits of optimum life. A clear
example of this is the existing zinc amounts in the Rhine (extreme
values between 3 and 25 μg/L) that are below the ideal zinc amount.
However, it is important to acknowledge that zinc pollution can
occur in specific industrial and agricultural settings, which raises
concerns regarding ecotoxicology. Excessive amounts of zinc in
aquatic environments, for instance, can prove toxic to fish and other
aquatic organisms, disrupting the dynamics of the food chain within
the ecosystem. Similarly, zinc pollution in soils can result in reduced
crop yields and impact the composition of soil microbial communities.
Moreover, human exposure to high levels of zinc can lead to health
issues such as nausea, vomiting, and diarrhea, and can have long-term
effects on the liver and kidneys. Therefore, it is crucial to actively
monitor and regulate zinc pollution to ensure a healthy environmental
balance and safeguard the well-being of both humans and ecosystems
[36].

Zinc enriched food source

Zinc is an essential mineral that plays a crucial role in maintaining
overall health and well-being. While zinc can be obtained through
supplements, it is always recommended to obtain nutrients from
natural food sources whenever possible. Fortunately, there are several
food sources that are naturally enriched with zinc, making it easier to
incorporate this important mineral into your diet.
One of the most well-known sources of zinc is meat, particularly red
meat and poultry. Beef, lamb and pork are excellent sources of zinc, as
they contain high levels of this mineral [37]. Similarly, chicken and
turkey also provide a significant amount of zinc. When consuming
meat, it is important to choose lean cuts and opt for healthier cooking
methods, such as grilling or baking, to minimize the intake of
unhealthy fats. Seafood, especially shellfish, is another category of
food known for its zinc content. Oysters, in particular, are considered
a zinc powerhouse, containing one of the highest concentrations of
this mineral among all food sources. Other shellfish like crab and
shrimp also provide a good amount of zinc. Additionally, fish such as
salmon and sardines contribute to zinc intake, although in smaller
quantities compared to shellfish [38].
Plant-based sources of zinc are abundant and include legumes, nuts,
and seeds. Chickpeas, lentils, kidney beans, and black beans are
excellent choices for vegetarians and vegans seeking to enhance their
zinc intake. Nuts such as almonds, cashews, and peanuts, as well as
seeds like pumpkin seeds and sesame seeds, also offer notable amounts
of zinc [39]. Incorporating these foods into your daily diet can be
advantageous in meeting your zinc requirements. Certain dairy
products, such as milk, cheese, and yogurt, provide moderate levels of
zinc. Additionally, fortified cereals and whole grains can serve as good
sources of zinc. Opting for whole grain bread, brown rice and oatmeal
can contribute to your daily zinc intake [40].
It is worth noting that the bioavailability of zinc can vary depending
on the source. Animal-based sources, such as meat and seafood,
contain zinc that is more easily absorbed by the body compared to
plant-based sources. However, consuming a diverse range of foods and
combining different sources of zinc can help ensure adequate intake.
Incorporating zinc-enriched foods into your diet is essential for
maintaining optimal health. However, it is important to remember
that individual zinc requirements may vary, and it is always advisable
to consult with a healthcare professional or registered dietitian for
personalized advice.

Limitations of current studies about the biological function of zinc
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The study of the biological function of zinc has made significant
progress in recent years. However, like any field of scientific research,
there are limitations to our current understanding. Recognizing these
limitations is crucial for further advancements in the field. Here, we
discussed some of the limitations of current studies on the biological
function of zinc and provide suggestions for future development
directions.

Methodological challenges
One of the limitations in studying zinc’s biological function is the
complexity of zinc biology and the challenges associated with
accurately measuring zinc levels and dynamics within cells and
tissues. Current techniques for quantifying zinc often rely on indirect
measurements, which may introduce potential errors and limitations
in data interpretation. Developing more precise and sensitive methods
for measuring zinc levels, localization, and dynamics will enhance our
understanding of its biological functions.

Tissue and cell-type specificity
Zinc’s biological function can vary across different tissues and cell
types. Many studies have focused on a limited range of tissues or cell
types, which may not fully represent the diversity of zinc’s functions
throughout the body. Expanding research efforts to include a broader
range of tissues, cell types, and model organisms will provide a more
comprehensive understanding of zinc’s biological roles.

Zinc interactions and redundancy
Zinc interacts with various other minerals, ions, and molecules in
complex ways. These interactions can influence zinc’s biological
functions and complicate the interpretation of experimental results.
Investigating the interplay between zinc and other essential elements
and understanding their synergistic or antagonistic effects will
contribute to a more nuanced understanding of zinc’s biological
functions.

Functional redundancy
Zinc is involved in multiple cellular processes, and many biological
functions are regulated by a network of molecules rather than a single
factor. Disentangling the specific roles of zinc in these complex
networks is a challenge. Identifying specific zinc-dependent pathways
and dissecting their contributions to cellular processes will provide
insights into zinc’s precise functions and its interplay with other
regulatory mechanisms.

To overcome these limitations and further advance the field, several
suggestions can be considered

Integrated approaches
Employing integrated approaches, such as combining molecular
biology, genetics, proteomics, and metabolomics, will enable a
comprehensive analysis of zinc’s biological functions. By integrating
multiple levels of information, we can gain a more holistic
understanding of zinc’s roles in cellular processes.

Advanced imaging techniques
Developing advanced imaging techniques that allow for real-time
visualization of zinc dynamics within living cells and tissues will
greatly enhance our understanding of zinc’s spatial and temporal
distribution and its functional implications.

Comparative studies
Conducting comparative studies across different organisms and
species will help identify conserved zinc-dependent pathways and
shed light on the evolutionarily conserved roles of zinc in biological
processes.

Systems biology approaches
Applying systems biology approaches, such as mathematical modeling
and network analysis, will aid in deciphering the complex interactions

and regulatory networks involving zinc. Such approaches can uncover
emergent properties and predict the consequences of zinc
perturbations on cellular functions.

Conclusion

Zinc is a versatile element that plays critical roles in various cellular
processes, making it essential for the biochemistry and overall health
of living organisms. Its functions as a cofactor for enzymes, structural
component of proteins, and signaling molecule underline its
significance in DNA synthesis, protein synthesis, cellular metabolism
and immune responses. Zinc deficiency has been associated with
impaired enzyme activity, compromised immunity, dysfunctional
neutrophils, allergic reactions, and mental health disorders.
Furthermore, zinc has been explored in the context of COVID-19,
where it may have antiviral properties and aid in immune response
regulation. Additionally, zinc exhibits antioxidant and
anti-inflammatory properties, making it relevant for chronic disease
management. During pregnancy, adequate zinc intake is crucial for
fetal growth and development. Moreover, zinc plays a vital role in the
wound healing process. Overall, understanding the multifaceted roles
of zinc sheds light on its importance as a micronutrient and its
potential therapeutic applications in various health conditions. While
significant progress has been made in understanding the biological
function of zinc, there are limitations that need to be addressed for
further advancement. Overcoming methodological challenges,
investigating tissue and cell-type specificity, understanding zinc
interactions and redundancy, and employing integrated approaches,
advanced imaging techniques, comparative studies, and systems
biology approaches will contribute to a deeper understanding of zinc’s
biological functions and its implications in health and disease.
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