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Abstract: The longevity gene-associated protein sirtuin, which has NAD-dependent deacetylation
enzyme activity, plays an important role in genomic stability, antioxidant potential, DNA repair,
mitochondrial and energy metabolism all of which are associated with a healthy state. NAD+ and
sirtuin levels can be increased by supplementing with NAD precursors including nicotinamide
mononucleotide (NMN) and some polyphenols. If meals contain NAD precursors and NAD
synthesis activators, a daily diet, as well as NMN supplements, may support NAD+ augmentation
and the resultant sirtuin activation. This can then lead to a resulting improvement in mitochondrial
metabolism and health. Because tuna meat contains NAD precursors, we postulate that a daily diet
of fish has the potential to increase the levels of sirtuins which are NAD-dependent regulators of
mitochondria in human cells. In the present study, we investigated whether tuna meat regulates
mitochondrial function and energy metabolism in human peripheral blood mononuclear cells
(PBMCs). A digestive enzyme tuna meat hydrolysate was prepared from tuna dark red meat.
Mitochondrial activity (NAD+/NADH level), sirtuin expression, energy production (ATP level) and
antioxidant activity in PBMCs were analyzed after the treatment of cells with the digestive enzyme
tuna hydrolysate or controls in vitro. Our results demonstrate that the digestive enzyme tuna
hydrolysate has the potential to increase the expression of longevity gene-related proteins sirtuin 1
and 2, NAD+/NADH levels, and ATP production by mitochondria in PBMCs. Furthermore, tuna
meat showed high antioxidant capacity in vitro. These findings indicate the favorable effect of tuna
meat on mitochondrial function and homeostasis. Our study underscores the benefits of tuna meat
as a dietary choice and provides scientific support for promotion of healthy ageing.

Keywords: tuna meat; digestive enzyme hydrolysates; longevity gene-related protein; sirtuin;
mitochondria; antioxidant; nicotinamide adenine dinucleotide (NAD)

1. Introduction

Population aging is now a global phenomenon especially in developing countries. An increase
in life expectancy and a decline in fertility rates have resulted in accelerated aging of the population
in many countries [1,2]. In particular, in Asian countries, a quarter of the population is predicted to
be 260 years old by 2050, which will inevitably lead to an increased number of older adults with
chronic diseases and disability, and have profound consequences for health, health systems, the
workforce, and budgeting for many countries [1-3].

The determinants of longevity are not fully understood. It is commonly believed that lifestyle
factors, such as physical activity, smoking, and food habits, play an important role in human health
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and longevity [4]. Of these, nutrition and diet have been established as being among the most
important influences [2,5-7]. It is now thought that altering the levels, type, and timing of food
consumption is the most potent, feasible and safest intervention for improvement of health and
extension of longevity and the time in which health and functional capacity are maintained (i.e.,
health span) [2,8-11]. However, despite extensive research, the type, quantity, and combination of
nutrients that optimize healthy longevity remains highly controversial. Understanding mechanisms
of dietary interventions will be key for optimizing human health span and longevity.

Diet is one of the major determinates of health [2,12]. The beneficial effects of fruit and vegetable
intake are well known including a reduction in the risk of mortality [13-15]. In addition, fish meats
are commonly recommended for health in the general population [16,17]. Numerous studies have
already demonstrated that omega-3 fats, docosahexaenoic acid (DHA) and eicosatetraenoic acid
(EPA), in fish meat can help reduce the risk of chronic diseases, such as heart and inflammatory
disease, and help maintain brain function and eye health [17]. Like the omega-3 fats, EPA and DHA
are plentiful in oily fish, such as salmon and anchovies [18]. Since our body can only make a small
amount of omega-3 fat DHA from other fatty acids, we need to replenish it directly from food or
supplements. Although fish meats are recommended for health and longevity in the general
population, the association between fish meat and health outcomes still remains unclear.

Recently, attention has been attracted by the selenium-containing compound, selenoneine,
found in tuna meat which may have the potential to improve the health condition and extend
longevity in the general population [19]. Yamashita Y et. al. identified a novel selenium-containing
imidazole compound, selenoneine, in tuna meats [19,20]. They clarified that selenoneine is an
ergothioneine analog with greater antioxidant activity and is the major form of organic selenium in
the blood, muscles, and other tissues of tuna [21]. Also, recent studies demonstrated that the
selenoneine-containing tuna meats, especially dark muscle meat, may prevent carcinogenesis and
liver disorder [21,22]. Since selenoneine shows a stronger antioxidative activity than other
antioxidants such as vitamin E (500-fold) and ergothioneine (1000-fold), an intake of tuna meats could
improve the cellular and organism response to oxidative stress in the body [21].

Our recent research has focused on mitochondrial metabolism and its key regulator sirtuin, a
longevity gene-related deacetylase, that is closely involved in mitochondrial function, cellular energy
metabolism, health condition and longevity. The sirtuin protein, which has nicotinamide adenine
dinucleotide (NAD)-dependent deacetylation enzyme activity, plays an important role in a broad
range of mammalian processes such as genomic stability, cellular antioxidant potential, DNA repair
and cellular energy metabolism [23,24]. Sirtuins perform deacetylation on target proteins and genes
and play a central role in various cellular responses to extrinsic stresses [25]. In addition, sirtuins have
important roles in the control of mitochondrial function and energy metabolism as well as cellular
stress tolerance. It is now thought that aging symptoms of various tissues and organs may be
suppressed by sirtuin activation [26,27].

Numerous studies have demonstrated that boosting NAD+ levels increase sirtuin activity and
the resultant mitophagy (reverse mitochondrial dysfunction), by which damaged mitochondria are
targeted and degraded, suggesting that activation of NAD+, as well as sirtuin activation, is essential
for mitochondrial balance and healthy aging [27-29]. NAD+ and sirtuin levels can be increased by
supplementing with NAD precursors including nicotinamide mononucleotide (NMN) and some
polyphenols [30-32]. Since downregulation of mitophagy has also been suggested to be implicated
in the impediment of health status and healthy aging, enhancing mitophagy with NAD precursors,
such as NMN, could be an effective strategy to boost health and longevity [27,29]. To date, many
studies have evaluated how NAD+ precursors support healthy aging in people [31-34]. If the daily
diet contains NAD precursors and NAD synthesis activators, meals as well as NMN supplements
may support NAD+ augmentation and the resultant sirtuin activation, consequently resulting in
improvement in mitochondrial metabolism and health condition.

We aim to explore the connections between dietary choice and its impact on longevity-related
cellular mechanisms. Currently, our attention is directed towards exploring potential effects of tuna
meat, which is rich in nutrients. In the present study, to verify how tuna meat consumption impacts
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longevity-related cellular mechanisms, we studied the effects of digestive enzyme tuna hydrolysates
on the level of longevity gene-related sirtuin proteins, mitochondrial activity and antioxidant
capacity in peripheral blood mononuclear cells (PBMCs) in vitro. The results of this study could
provide important evidence to help better dietary choice aimed at promoting healthy ageing.

2. Materials and Methods
2.1. Fish Hydrolysate Preparation

Dark red meat from yellow fin tuna (Misaki Megumi Suisan Co., Ltd., Kanagawa, Japan) was
used for hydrolysate preparation. The raw material was minced, vacuum packaged, and stored at —
20 °C until use. Digestive enzyme hydrolysates were prepared following the cited methods with
slight modifications [35-37].

Briefly, minced tuna meat was mixed with a 2-fold volume of diluted water and homogenized
in a blender. Homogenates were then incubated at 70 °C for 30 minutes. The homogenized tuna meat
was adjusted to pH 1.8 using HCI. The digestive enzyme pepsin (Fujifilm Wako Pure Chemical Ltd.,
Osaka, Japan) was added at 1 g/kg (1/1000 w/w) of the total volume of the raw material. All reactions
were performed in a shaking incubator at 37 °C for 2 hours. After adjusting to pH 6.8 using NaOH,
the reactions were terminated by heating the solution to 90-100 °C for 10 minutes to deactivate
enzyme. The tuna hydrolysates were treated with the digestive enzymes trypsin and pancreatin
(Fujifilm Wako Pure Chemical Ltd., Osaka, Japan) for 2 hours using the same method as described
above. After terminating by heating the solution to 90-100 °C for 10 minutes to deactivate enzyme,
the samples were cooled on ice to room temperature, and then filtered through a 0.45 um membrane
filter. They were used as tuna meat digestive enzyme hydrolysate in the following experiment.

2.2. Treatment of PBMCs with the Digestive Enzyme Hydrolysate of Tuna Meat

Human peripheral blood mononuclear cells (PBMCs; Fujifilm Wako Pure Chemical Ltd., Osaka,
Japan) were incubated in the presence or absence of digestive enzyme tuna hydrolysate for 24 hours
at 37 °C in a humidified atmosphere of 95% air and 5% COx.

As a positive control group, PBMCs were also incubated with 10 uM NMN, an activator of
sirtuins and mitochondria [31,32]. As another positive control group, a hot water extract of tuna meat
was prepared by the method described previously [36,37]. PBMCs were treated with the hot water
tuna extract for 24 hours at 37 °C in a humidified atmosphere of 95% air and 5% CO:a.

2.3. Viability of PBMCs

Effects of digestive enzyme tuna hydrolysate on cell viability, proliferation and cytotoxicity in
PBMCs were analyzed using a Cell Counting Kit (CCK)-8 assay kit (Dojindo Molecular Technologies
Inc., Kumamoto, Japan), after treatment of PBMCs with tuna hydrolysates or controls.

2.4. Effect of Digestive Enzyme Tuna Hydrolysate on the Level of Nicotinamide Adenine Dinucleotide
(NAD+) in PBMCs

To verify whether digestive enzyme tuna hydrolysate influences the level of NAD+ in PBMCs,
concentrations of NAD/NADH in the PBMCs were analyzed by a colorimetric assay (NAD/NADH
colorimetric assay kit, Dojindo Molecular Technologies Inc.,, Kumamoto, Japan), after treatment of
cells with tuna hydrolysates or controls.

2.5. Western Blot Assay for Sirtuin 1 and Sirtuin 2 in PBMCs

To study the effect of digestive enzyme tuna hydrolysate on the expression of sirtuin 1 and
sirtuin 2 in PBMCs, the levels of these two proteins in cells were analyzed by western blotting as
previously described [38,39], after treatment of cells with tuna hydrolysates or controls. For western
blotting, the antibodies used were a polyclonal antibody against human sirtuin 1 (1:5,000, dilution;
Abcam Inc., Cambridge, UK), sirtuin 2 (1:2,000, dilution; Abcam Inc.), beta-actin (1:10,000 dilution;


https://doi.org/10.20944/preprints202412.1611.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2024 d0i:10.20944/preprints202412.1611.v1

4

Proteintech Group Inc., IL) and the corresponding secondary antibody conjugated with horseradish
peroxidase [Dako, rabbit IgG P0448 for both primary antibodies (1:5,000 dilution). The antibody-
bound protein bands were visualized, and densitometry of the signal bands was analyzed using an
extended cavity laser system (GE Healthcare Bio-sciences KK, Tokyo, Japan).

2.6. ATP Production by PBMCs

To study the effect of digestive enzyme tuna hydrolysate on the production of ATP by PBMCs,
the level of ATP production of cells was analyzed using an ATP assay for blood (Toyo be-net Co.,
Ltd., Tokyo, Japan), after treatment of cells with tuna hydrolysates or controls.

2.7. Antioxidant Activity of Digestive Enzyme Tuna Hydrolysate

The antioxidative activity of digestive enzyme tuna hydrolysate was analyzed using an
antioxidant assay kit, [2,2-Diphenyl-1-picrylhydrazyl (DPPH) Antioxidant Assay Kit, Dojindo
Molecular Technologies].

2.8. Concentrations of NAD+ Precursors, Nicotinamide Mononucleotide (NMN) and Nicotineamide (NAM),
in Tuna Red and Dark Meats

To study whether tuna meat contains NAD+ precursors, NMN and NAM, concentrations of
NMN and NAM in tuna meat was analyzed by liquid chromatography-mass spectrometry. Analysis
was performed by the Japan Foods Inspection Corporation, Tokyo, Japan.

2.9. Statistical Analysis

The results are presented as the mean * standard deviations. All data are representative of at
least three individual experiments and analyzed with the Mann-Whitney U-test. Differences were
considered significant at p < 0.05.

3. Results
3.1. Cell Viability of PBMCs

The effect of digestive enzyme tuna hydrolysate on cell viability in PBMCs was analyzed by
CCKS assay. Results demonstrated that the treatment of PBMCs with tuna hydrolysate resulted in
the downregulation of cell viability at protein concentrations greater than 9.4 ug/mL (Figure 1).
Subsequently, in the present study, PBMCs were treated with digestive enzyme tuna hydrolysate at
a concentration of 4.0 ug/mL in all experiments.
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Figure 1. The treatment of PBMCs with tuna hydrolysate showed no significant change of the cell
viability at protein concentrations less than 9.4 pug/mL. In the present study, PBMCs were treated with
digestive enzymatic tuna hydrolysate at the concentration of 4.0 pug/mL in each experiment.

3.2. Effect of Digestive Enzyme Tuna Hydrolysate on the Level of Nicotinamide Adenine Dinucleotide
(NAD+) in PBMCs

As shown in Figure 2, both digestive enzyme hydrolysate and the hot water extract (4 uM) and
NMN (10 uM) increased the levels of NAD+/NADH activity in PBMCs (% ratio versus negative
control, digestive enzyme hydrolysate: 108%, hot water extract: 112%, NMN: 111%) (Figure 2A). Both
tuna extracts and NMN also induced the oxidized form of NAD (Figure 2B).
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Figure 2. Effect of digestive enzymatic tuna hydrolysate on the level of nicotinamide adenine
dinucleotide (NAD+)/NADH in PBMCs. Both digestive enzymatic hydrolysate and the hot water
extract (4 uM), and positive control NMN (10 uM) increased the levels of NAD+/NADH activity in
PBMC s [A: oxidized NAD + reduced NAD (NAHD), B: oxidized NAD] (ratio versus negative control,
digestive enzymatic hydrolysate: 108 %, hot water extract: 112 %, NMN: 111 %). These findings
indicated that tuna meats could activate mitochondria function and NAD-dependent sirtuin proteins
in PBMCs.

3.3. Effects of Digestive Enzyme Tuna Hydrolysate on the Expression of Sirtuin 1 and Sirtuin 2 in PBMCs

As shown in Figure 3A, B, treatment with digestive enzyme tuna hydrolysate (4.0 pug/mL)
upregulated the expression of sirtuin 1 in PBMCs, as well as in two different positive controls, namely
NMN (10 uM) treatment and addition of a hot water extract of tuna meat (4.0 ug/mL) (ratio versus
negative control, digestive enzymatic hydrolysate: 110 %, hot water extract: 120%, NMN: 116 %).
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Figure 3. Effects of mechanical loading on expression of Glutl, SIRT1 and Runx2 in osteoblasts. A:
Representative images of western blot analyses for expressions of sirtuin 1 and sirtuin 2 in PBMCs. B:
Expression relative to b-actin. Sirtuin 1 protein showed an increasing trend in PBMCs, after treatments
with both digestive enzymatic hydrolysate and the hot water extract (4 uM), and positive control
NMN (10 uM) (ratio versus negative control, digestive enzymatic hydrolysate: 110 %, hot water
extract: 120%, NMN: 116 %). C: Expression relative to b-actin. Sirtuin 2 protein showed an increasing
trend in PBMCs, after treatments with both digestive enzymatic hydrolysate and the hot water extract
(4 uM), and positive control NMN (10 uM) (ratio versus negative control, digestive enzymatic
hydrolysate: 114 %, hot water extract: 129%, NMN: 111 %).

Both tuna extracts (4.0 pg/mL), the digestive enzyme hydrolysate and the hot water extract,
induced the expression of sirtuin 2 in PBMCs, and NMN (10 uM) also increased the expression of
sirtuin 2 in PBMCs (ratio versus negative control, digestive enzymatic hydrolysate: 114 %, hot water
extract: 129%, NMN: 111 %) ((Figure 3C).

3.4. Effect of Digestive Enzyme Tuna Hydrolysate on ATP Production by PBMCs

Both tuna extracts (4uM), the digestive enzyme hydrolysate and the hot water extract, and NMN
(10 uM) upregulated the production of ATP by PBMCs (% ratio versus negative control, digestive
enzyme hydrolysate: 108%, hot water extract: 110%, NMN: 115%), although no significant differences
were observed between them (Figure 4).
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Figure 4. Effect of digestive enzymatic tuna hydrolysate on the ATP production by PBMCs.
Treatments with both tuna extracts (4 uM), the digestive enzymatic hydrolysate and the hot water
extract showed a tendency to increase the production of ATP in PBMCs, and treatment of positive
control, NMN (10 uM), also accelerated the production of ATP by PBMCs [% ratio versus negative
control, digestive enzymatic hydrolysate: 109 %, hot water extract: 111 %, NMN: 115 %]. These
findings indicated that tuna meats have a potential to upregulate the energy metabolism of PBMCs.

3.5. Antioxidative Activity of Digestive Enzyme Tuna Hydrolysate

The antioxidant activity of the sample was evaluated as Torolox equivalent activity (TEAC)
which was based on antioxidant standard material Trolox. The TEAC value of digestive enzyme
hydrolysate and the hot water extract were 0.313 and 0.297 TE ug/mg, respectively.

3.6. Concentrations of NAD+ Precursors, NMIN and NAM, in Tuna Red And Dark Meats

Both red and dark tuna meat contain 5 ~8 pM of NAM (red meat: 82.0 uM, dark meat: 52.4 uM),
although no detectable levels of NMN were observed in both tuna meats (Table 1).
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Table 1. Concentrations of NAD+ precursors, NMN and
NAM, in tuna red and dark meats

Red meat Dark meat

NAM 82.0 uM 524 yM

NMN undetectable 9.0 uM

4. Discussion

Our study elucidates the effects of digestive enzyme tuna hydrolysate on the expression of the
longevity gene-related sirtuin protein, on mitochondrial activity, and on the antioxidant capacity of
PBMC:s. The results reveal for the first time important evidence to clarify the connections between a
specific dietary choice, namely “tuna meat”, and its impact on longevity-related cellular mechanisms
and oxidative stress tolerance. We demonstrate in vitro that digestive enzyme tuna hydrolysate has
the potential to increase the expression of longevity gene-related sirtuin land 2, the NAD+/NADH
level and ATP production by mitochondria in PBMCs. These findings suggest that tuna meat is a
healthy dietary choice which may function in health status and longevity via the upregulation of
mitochondrial activity, since both activation of sirtuin and NAD+ are essential for mitochondrial
balance and function [26-29].

Downregulation of mitophagy (reverse mitochondrial dysfunction) has been suggested to be
implicated in health status and healthy aging [40,41]. Numerous studies have demonstrated that
boosting NAD+ levels can increase sirtuin activity and the resultant mitophagy (by which damaged
mitochondria are targeted and degraded)., This indicates that activation of sirtuin, as well as NAD+
activation, is essential for mitochondrial balance and healthy aging [40—44]. It has also been
demonstrated that NAD+ and sirtuin levels can be increased by supplementing with NAD precursors
including NMN and some polyphenols such as resveratrol [30-32]. Enhancing mitophagy with NAD
precursors may be an effective strategy to boost health and longevity. To date, many studies have
evaluated how NAD+ precursors support healthy aging in people [31]. If tuna meats contain NAD
precursors and NAD synthesis activators, tuna as part of a daily diet, as well as NMN supplements,
may support NAD+ augmentation and the resulting sirtuin activation. Consequently, this could
result in improvement of mitochondrial metabolism and increased health status. Indeed, our present
study indicates that both red and dark tuna meats have NAM levels of 50 ~80 uM (red meat: 82 pM,
dark meat: 52 uM) which as a NAD+ precursor suggests that NAM in tuna meat has the potential to
upregulate the level of NAD+ and induce the activation of sirtuins in mitochondria.

In mammals, it is well known that the NAD precursor, NMN, is synthesized in vivo by NAM
phosphoribosyl transferase (NAMPT), using NAM as the main reaction substrate in the salvage
NAD+ biosynthesis pathway [45,46]. As shown in Figure 5A, NAM, an intermediate metabolite of
NAD+, is thought to be metabolized to NMN, which enters the cell, is converted to NAD+, and
activates sirtuins [47,48]. NAD+ is recycled from both NAM and NMN in the salvage pathway to
maintain the cellular NAD~ levels. Our findings of micromolar levels of NAM in the digestive enzyme
tuna hydrolysate provide evidence to support the efficacy of tuna meats in cellular energy production
via mitochondria activation (Figure 5B).
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Figure 5. NAD precursors in tuna meat induces the NAD+ level, NAD-dependent sirtuin activation
and energy metabolism. A: NAM phosphoribosyl transferase (NAMPT) -Mediated NAD Salvage
Pathway. The NAD precursor NAM, an intermediate metabolite of NAD+, is metabolized to NMN,
which enters the cell, is converted to NAD+, and activates sirtuins. The NMN, is synthesized in vivo
by NAM phosphoribosyl transferase (NAMPT), using NAM as the main reaction substrate in the
salvage NAD+ biosynthesis pathway. B. Effects of tuna meat on expression of the NAD+ level, sirtuin
activity, mitochondrial activity, in peripheral blood mononuclear cells. NAD precursors, NAM, in
tuna meat has a potential to induce the NAD+ level, the NAD-dependent sirtuin activation, and
energy metabolism. NAM: nicotineamide, NMN: nicotinamide mononucleotide, NAD: nicotinamide
adenine dinucleotide,.

Our recent research has focused on mitochondrial metabolism and its key regulator sirtuin, a
longevity gene-related deacetylase, that is closely involved in the mitochondrial function, cellular
energy metabolism, health condition and longevity. Sirtuin, which has NAD-dependent
deacetylation enzyme activity, plays an important role in a broad range of mammalian processes
including genomic stability, cellular antioxidant potential, DNA repair and cellular energy
metabolism [23-25]. In addition, sirtuin protein plays an important part in the control of
mitochondrial function and energy metabolism through the NAD-dependent mechanism of its
activation [27]. Its activation depends on NAD metabolism in mitochondria. Once activated, sirtuin
performs deacetylation of target proteins and genes, and plays a central role in various cellular
processes. In mammalian cells, the sirtuin family consists of seven members (sirtuin 1 to 7) as shown
in Table 1. Members of the sirtuin family have different target proteins in different cellular
compartments [24]. The sirtuin family, proteins related to the longevity gene Sir2, activate or suppress
approximately 100 aging-related factors and genes [23,24]. It is now thought that the aging symptoms
of various tissues and organs may be suppressed by sirtuin activation [23]. Consequently, sirtuin
levels are considered to affect the health condition and life expectancy. Our data demonstrate that
the digestive enzyme tuna hydrolysate has the potential to increase the expression of sirtuin 1 and
sirtuin 2 in PBMCs. As mentioned above, we found that tuna meats contain the NAS+ precursor NAM
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which is the main reaction substrate in the NAD+ biosynthesis salvage pathway. The NAM in tuna
meats may be converted to NAD+ and activate sirtuin in PBMCs. Our findings highlight important
evidence to help better dietary choices, such as tuna meat, aimed at promoting healthy ageing.

Selenoneine is a selenium compound that was initially identified in the blood of bluefin tuna
and has subsequently been shown to be present in various animals of marine origin, including
multiple species of fish, dolphins, sea turtles, and seabirds [19-21,49]. Selenoneine has also been
identified in red blood cells of human populations whose diet comprises large amounts of marine
foods, including in Japan [50]. Selenoneine has strong antioxidant activity and may play a role in the
protection and function of organs/tissues [20,51,52]. We have postulated that tuna meats may show
beneficial effects on mitochondrial function and cellular energy metabolism (ATP production). It is
well known that mitochondria are the location of the anabolic pathway which produces cellular
energy [53]. Also, as a location of catabolic pathways, the mitochondria produces reactive oxygen
species (ROS) [54,55]. By intake of tuna meats, selenoneine, as a free radical scavenger, may influence
mitochondrial functions in terms of both anabolic ATP production and catabolic ROS production in
the human body. Indeed, our data indicate that digestive enzyme tuna hydrolysate showed high
levels of antioxidative potential. The digestive enzyme tuna hydrolysate as an antioxidant may
therefore have the potential to protect PBMC against oxidative stress and to maintain mitochondria
function. These findings suggest beneficial effects of tuna meat on cellular molecules involved in
energy metabolism and oxidative stress tolerance.

5. Conclusions

In conclusion, our findings reveal that digestive enzyme tuna hydrolysate has the potential to
accelerate the expression of longevity gene-related sirtuin 1 and 2, the NAD+/NADH level and ATP
production by mitochondria in PBMCs. Also, tuna meat shows high antioxidant capacity in vitro,
indicating a possible favorable effect of tuna meat on mitochondrial function and homeostasis. These
observations underscore the usefulness of tuna meat as a dietary choice and provide scientific
support for the promotion of healthy ageing.
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