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Abstract

Living and eating healthiness have been the topic of interest for the elderly and
their caregivers. Functional foods with balanced nutrition and anti-aging properties
were considered and researched continuously. This review aimed to summarize and
discuss the aging process and functional foods from natural sources for the elderly
using studies conducted between 1996 and 2023 that focus on their effectiveness to
alleviate aging symptoms. Aging is a complex process with various mechanisms
including oxidative stress, hormonal system, activity of the enzyme sirtuin, and
intestinal microbiota. The aging process leads to many disorders in the elderly such
as Alzheimer’s, Parkinson’s, and non-communicable diseases. Additionally, it was
found that balanced nutrients and energy along with the consumption of natural
antioxidants from vitamins, phytochemicals, and sirtuin activator foods were effective
at slowing down aging and extending an individual’s lifespan. Recently, innovative
research into foods for the elderly has focused on their sensory perception and
whether they consist of the necessary nutrients. Therefore, this review might support
a future perspective product of the food and pharmaceutical industries because of the
different requirements of the elderly in society.

Keywords: Elderly, Aging Process, Anti-aging Food, Sirtuin Activator
Foods, Diet Pattern
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1. Introduction

The interesting forecast data from 2025 to 2050 of He et al. (2016) illustrates that
the total global population will grow by about 34 %, while the older population was
estimated to almost double to 1.6 billion in the same period. The American Hospital
Association (2008) estimated that the expense of treating age-related disorders would
increase proportionally according to their severity with many hospital admissions
expected (Association, 2008; Garza, 2016). Recently, numerous tactics have been
implemented in anti-aging healthcare including behavior modification, public health,
medical technology, and the management of facilities in care homes and gained
attention (Leung et al., 2013). It is widely recommended that the elderly and their
caregivers engage in anti-aging behavior modification, particularly regarding their
daily diet and meals, due to the easily accessible and beneficial health advantages.
Dietary sources of energy, minerals, micronutrients, antioxidants, and phytochemicals
are essential for the promotion of elderly health and the prevention of diseases
associated with aging.

Consequently, the purpose of this review was to illustrate the aging mechanism
and associated alterations. Moreover, the sources of anti-aging foods for the elderly,
including natural antioxidant and sirtuin activator foods, were collected and
represented. Dietary guidelines for the elderly, including calorie restriction,
a balanced intake of macro- and micronutrients, and an anti-aging food pyramid, were
presented and discussed. Trends in the development of food for the elderly were also
highlighted in this work.

2. Aging mechanism

Some of the mechanisms of aging discovered by numerous research in recent
years have been discussed. Fig 1 provides an illustration of the aging mechanism
discussed in this review. In this review, we investigated several aging mechanisms
that may be implicated in human physiology, such as oxidative stress, the endocrine
system, sirtuin (SIRT) enzymes, the immune system, gut microbiota, and gene
modulation.
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Fig 1 Mechanism of human aging.
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2.1 Oxidative stress

Increasing oxidative stress is associated with the aging process, caused by an
imbalance between the generation of free radicals and the body's ability to prevent
them. The production of reactive oxygen species (ROS), also known as free radical
derivatives of oxygen, results from the formation of potentially harmful byproducts.
They are derived from both endogenous and exogenous sources (Phaniendra et al.,
2015). Beckman and Ames (1998) concluded that ROS is the cause of structural damage
and that oxidative damage to macromolecules leads to age-related functional
decreases.
2.2 Hormone system

According to the observation of Monzani et al. (2016), there was a possibility
that there was a connection between the natural aging process and the regulation of
hormones in the body. When the mechanism that controls sex hormones in men and
women as part of ageing fails, it may contribute to changes in musculoskeletal and
sexual dysfunction as well as long-term health disease concerns (El-Sakka Ahmed and
Hassoba, 2006).
2.3 Sirtuins (SIRTs) enzymes

Sirtuin, the family of histone deacetylases (HDACsS), role in the mechanism of
the aging process includes scleroderma, brain aging, and neurodegenerative disorders
(Wyman and Atamas, 2018). The level of these enzymes decreases during aging while
their regulation relieves the symptoms of cellular senescence (Grabowska et al., 2017).
SIRTs can restore the balance of protein by reducing the accumulation of toxins,
improving mitochondria function by reducing oxidative stress, and raising the level
of nervous system function by elevating the transcription of learning and memory
genes (Min et al., 2013). Poulose and Raja (2015) summarized that humans encode
seven sirtuin isoforms (SIRT1- SIRT7) with a variable intracellular distribution.
Sirtuins have been linked to longevity, and evidence suggests that they have a role in
a variety of diseases including cancer, diabetes, obesity, and neurodegenerative
disorders. In addition, numerous studies have shown that the SIRT1-mediated
deacetylation of targets has a substantial effect on mitochondrial function, apoptosis
and inflammation. These processes and activities are critical for defining life span as
well as the effect of an injury with reports indicating the relation of the latter to SIRT1
activity (Nakagawa and Guarente, 2011; Salminen et al., 2008; Zhang et al., 2010).
2.4 Immune system

Oliveira et al. (2010) discussed how immune system changes occur during the
aging process. The changes due to aging are complicated and result in a decrease in
certain immune response parameters, qualitative changes in response, and even the
worsening of certain immunological processes. Nikolich-Zugich (2012) depicted how
immune system aging affects the development of lymphocytes, originating within
hematopoietic stem cells and their pluripotent progeny that will become lymphocytes.
2.5 Other aging mechanisms

Current research articles indicate the importance of the composition, diversity,
and functional features of the intestinal microbiota in relation to aging-associated
alterations (Vaiserman et al., 2017). Age-related disorders in the gut microbiome are
an important pathological state, and touch on neurodegeneration and cardiovascular
disease (Friedland, 2015; Sanduzzi et al., 2016). Some of the articles represent key
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tindings pathways that support an epigenetic role in aging (Sen et al., 2016). Recent
studies have demonstrated a genetic involved to human aging and longevity.
Rodriguez-Rodero et al. (2011) reviewed that mutations in certain genes have been
found to provide greater resistance to stress and a slower rate of damage
accumulation, resulting in increased longevity. Zhang et al. (2023) presented
an understanding of how mutations in single genes can significantly impact lifespan
and provided an example of Eriksson et al. (2003) that demonstrated that Lamin A, a
major constituent of the nuclear matrix, has mutations in exon 11 of the LMNA gene
that can impair nuclear structure and function, resulting in premature aging.
Additionally, Telomeres, which are DNA-protein complexes that cap the ends of
linear DNA strands, serve to stabilize the chromosomes and prevent instability. There
is a correlation between telomere shortening and the decline of somatic stem cells
during the aging process (Collado et al., 2007; O'sullivan and Karlsederl, 2010)

3. Aging-related diseases and symptoms

Aging is associated with wrinkles, decreased brain function, and an increased
risk of chronic disease. Interestingly, sarcopenia can be a risk factor of dysphagia in
the elderly (mean age 82.5 + 8.4 years) because of a loss of skeletal muscle mass and
decreased muscle strength which results in a decreased swallowing function (Maeda
and Akagi, 2016). The memory functions of the elderly, mainly verbal such as digit
span, word span, and story recall, normally decline with aging. Alzheimer's disease
and Parkinson's disease are the most common causes of dementia. Low testosterone
level is relatively associated with an increased risk of worse cognitive function and
Alzheimer's disease among elderly men (Lv et al., 2016). Several changes in the
cardiovascular system during the normal aging process, including changes in the
structural components in the arteries, decreasing vascular elasticity, and abnormality
of the endothelium of aged vessels, lead to specific cardiovascular diseases in the
elderly. Moreover, some non-communicable diseases (NCDs) are risk factors for
coronary heart disease such as diabetes, obesity, and hypertension (Jackson and
Wenger, 2011). Metabolic syndrome in older people was largely (73.1%) associated
with cardiovascular risk by considering the relationship between body mass index
and cardiovascular disease (Dhana et al., 2016).

Various researchers are driven to discover solutions to age-related diseases and
symptoms, such as anti-aging drugs, herbal supplements, and artificial intelligence
(Al) technology. This article concentrates on food and related topics as potential
solutions. Nevertheless, there are limitations and important factors contributing to
decreased appetite and food intake of elderly people such as physical, mental,
swallowing and mastication difficulties. Physical functioning (e.g., activities of daily
living, leisure and social activities, general physical activities, etc.) is essential for food
security among elderly individuals, and thus resources should be provided to enable
the acquisition, preparation, and consumption of food for those with physical
impairments (Jackson et al., 2019). In the meantime, Rusu et al. (2020) emphasized the
importance of regularly assessing the overall nutritional status (e.g., body weight, lean
body mass, etc.) and effectively communicating the need for nutrient
supplementation.

Agro-Industry Chiangmai University | https://tci-thaijo.org/fabjournal n



Food and Applied Bioscience Jourr

Furthermore, a considerable amount of research has been investigating the
correlation between the diverse backgrounds of the elderly and their food sources.
The behavior of elderly individuals from different backgrounds, such as urban and
rural areas, is a contributing factor to the successful implementation of food
personalization. Gao et al. (2022) suggested that elderly people living in rural areas
may improve their health by advocating intergenerational cohabitation, increasing
their consumption of fruits and vegetables, and maintaining their intake of protein to
achieve a balanced diet. Interestingly, there was a notable correlation between the
proximity to the nearest food store and the dietary variety of elderly people living in
rural areas. These results indicate the necessity of interventions in areas that are at a
higher risk of having a limited dietary variety, such as those located far away from
food stores. (Gomi et al., 2022). Fushimi et al. (2023) has demonstrated that there is a
strong correlation between dietary intake of food and nutrients, physical performance,
and physical activity among elderly living in urban areas. There was a significant
positive correlation between the physical functions (movement function, static
balance, and walking function) and the intake of vegetables, seeds, fruits, and milk; as
well as with magnesium, potassium and vitamin B6 and with the dietary
fiber/carbohydrate composition ratio.

Thus, this article not only provided a compilation of anti-aging foods, but also
proposed a suitable dietary pattern for the elderly, taking into consideration any
potential restrictions they may have.

4. Anti-Aging Foods for Elderly

Powerful anti-aging foods are enormous sources of essential minerals,
vitamins, antioxidants, and bioactive compounds that have a powerful ability to affect
the anti-aging process. This article reviews several Asian and Mediterranean foods
that affect aging-related diseases.

Curcumin, a polyphenol isolated from natural turmeric, has many
pharmacological abilities including antioxidant, anti-inflammatory, anticancer, and
neuroprotective activities. Curcumin consumption improves cognitive activity and
ameliorates age-related spatial memory deficits among elderly people because the
tropomyosin receptor kinase B (TrkB) signals the derived neurotrophic factor
upregulation (Farooqui and Farooqui, 2019).

Catechin in green tea (GTC) has a 20-30 times higher level of anti-oxidative
activity in comparison to blueberries and strawberries. Recently, GTCs were of high
interest in terms of pharmacological activities to prevent age-related
neurodegeneration including Parkinson's disease and Alzheimer's disease (Farzaei
et al., 2019). Green tea consumption has been wildly suggested to treat age-related
diseases in the elderly because of its potential effects on neurodegenerative diseases,
markedly Alzheimer's and Parkinson's (Tomata et al., 2016). The main tea polyphenol
in green tea is epigallocatechin gallate (EGCG). Its mechanism can disrupt the amyloid
plaque formation in the brain parenchyma through multiple pathways, which can be
a cause of Alzheimer's disease (Murphy and LeVine, 2010). Green tea consumption
for 12 months might prevent an increase of oxidative stress in the elderly but this
might not affect cognitive function (Ide et al., 2015).
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Garlic’s benefits have a good effect on disorders of the cardiovascular,
respiratory, and peripheral nervous systems. The sulfur compounds in garlic act on
the signaling pathways of arthritis (Pareek et al., 2019). Also, the bioactive compounds
in ginger have therapeutic potential in the treatment of age-related neurological
disorders (Choi et al., 2018). Knee osteoarthritis inflammation could be reduced in
patients through the supplementation of ginger powder at a dose of one gram per day
(Naderi et al., 2015). Centella Asiatica was discussed and determined to be the main
memory supporter in addition to the research evidence on several mechanisms
underlying its neuroprotective properties (Sabaragamuwa et al., 2018).

Perilla seed oil is a rich source of omega-3 polyunsaturated fatty acids,
specifically alpha-linolenic acid (ALA) (Dhyani et al., 2019). ALA has a minimal effect
on sarcopenia in older men (Cornish and Chilibeck, 2009). Perilla seed oil helps to
provide neuroprotection against mild to moderate dementia, although it seems not to
improve cognitive function in preclinical studies. Also, perilla seed oil can reduce both
total cholesterol and LDL cholesterol. Black sesame seed oil also contains sesamin
compounds which are important to the elderly due to their anti-inflammatory and
chondroprotective nature. Sesamin has the beneficial effects of lessening apoptosis,
astrogliosis, and oxidative stress (Baluchnejadmojarad et al., 2017).

Tropical fruits with anti-aging properties may offer low-calorie and rich
essential vitamins for the elderly. Avocado includes important micronutrients such as
vitamin C, vitamin A, vitamin E, vitamin B6, magnesium, and folate (Weaver, 2013).
Furthermore, several phytochemicals were also found in the fruit and seeds of the
avocado. Large amounts of alpha-tocopherol and beta-sitosterol were found in
avocado pulp oil (dos Santos et al., 2014). Alpha-tocopherol has an effect on the
formation of ROS in the inflammatory processes and enhances immune function
(Capuron et al., 2009) . Also, beta-sitosterol contributed to suppressing carcinogenesis
(Bouic, 2002). The bioactive compounds in avocado could prevent cardiovascular
disease and reduce cholesterol (Duarte et al., 2016). Moreover, dragon fruits are also
tropical super fruits because of their many health benefits including the ability to
improve digestion, fortify the immune system, prevent diabetes, and decrease the risk
of breast cancer (Poolsup et al., 2017).

Colored or pigmented rice grains include mainly red, purple, and black rice.
They include a variety of antioxidant substances including flavones, tannins, phenolic,
sterols, oryzanols, and essential oils (Poomipak et al., 2018). Gamma oryzanol is an
especially important antioxidant found in colored rice bran and rice bran oil, which is
mainly composed of trans-ferulic acid esters of lipophilic phytosterols (Sing et al.,
2015). According to studies, black and purple rice have shown contain two to three
times more gamma oryzanol than white rice (Boonsit et al., 2010). Saenjum et al. (2012)
reported that purple rice bran from glutinous cultivars in Northern Thailand had
ability to inhibit nitric oxide production and act as a lipophilic radical scavenger more
effectively than a hydrophilic radical scavenger. Suantai et al. (2022) demonstrated that
red jasmine rice harvested in Chiang Mai, Thailand had antiviral activity against both
herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2), as well as exhibiting
anticancer properties. Thus, it was suggested that purple rice bran is a powerful
natural compound with antioxidant, anti-inflammatory and anticancer properties.
A large amount of data has indicated the potential for there to be anti-inflammation,
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anticancer, and anti-aging processes due to the major components found in pigmented
rice, especially germ and bran extracts (Limtrakul et al., 2019). Rice berry (Oryza sativa),
purple-pigmented rice, could significantly prevent memory impairment and reduce
the risk of Alzheimer's disease (Pannangrong et al., 2011).

4.1. Natural Antioxidants

The elderly and their caregivers have raised safety concerns about the use of
synthetic antioxidants in convenient food products. The uptake of natural
antioxidants from foods such as fruits, vegetables, and herbs is the best choice for the
elderly because of their safety compared to synthetic antioxidants (Li et al., 2014).
Generally, natural antioxidants can scavenge free radicals and maintain the balance of
homeostasis in the human body. It is common knowledge that these natural
antioxidants assist in the reduction of chronic diseases due to their health-promoting
qualities. Lourenco et al. (2019) classified natural antioxidants from plants into three
main classes, phenolic compounds, vitamins, and carotenoids. Common natural
antioxidants from dietary sources may have the potential to be therapeutic in relation
to age-related conditions. An example is given in Table 1.

Table 1 Some dietary antioxidants and their functions to delaying in age-related

diseases.

é:i;’:jigz Natural Sources Ag:;:zt:d References

carrots, yellow papaya,

Carotene spinach, sweet potato Eye diseases e(i?WZIS;Z)
and pumpkin i
citrus fruits, spinach,

Vitamin C arlic, cabbage, Cardiovascular Passoni and
& &

(Ascorbic acid) cantaloupe and disease and cancer Coelho, 2008)
strawberries

Vitamin E vegetable and seed oils, Lung, skin and (Quin et al.,
nut and legumes,

(a-Tocopherol) avocado prostate cancers 2005)
xgtéigsfgﬁzl Apava Alzheimer's disease (Liu et al.,

Lycopene ink orape fr1:1 E aI; dy ’1 nk and Parkinson's 2013; Min and
guavag p p disease Min, 2014)

. Cardiovascular
apple, onions, green tea, ) .. (Khan et al.,
) . disease, arthritis,

Flavonoids red wine, soy products and Alzheimer's 2014; Zhang

and black beans ) et al., 2014)
disease

oily fish (such as salmon (Lee et al
and tuna), organ meats Coronary artery P

Coenzyme Q10 (such as liver), and whole diseases 201230’18 1a)1n1,

grains.
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4.2 Sirtuin Activator Foods

Sirtuin foods seem to have become a trendy new diet scheme associated with
sirtuins and longevity. The dietary activators of Sirtl have been widely investigated
recently. Polyphenols such as resveratrol and anthocyanin have been reported to
activate AMPK, an effect that may activate SIRT (Villalba and Alcain, 2012).
Resveratrol, a SIRT1 activator, may be used for the prevention of obesity,
tumorigenesis, and aging-related deterioration in heart function and neuronal loss. It
has been illustrated that resveratrol can enhance the lifespan through inducing and
activating SIRT1 activity and increasing the SIRT1 affinity for both NAD+ and the
acetylated substrate. Furthermore, CR with a resveratrol intake exhibited similar anti-
aging activities related to SIRT1 and showed an improvement in cognitive
performance (Rouse and Egan, 2018) . Piceatannol is a natural source. It is a
hydroxylated derivative of resveratrol that has been used as a food additive and
herbal medicine in Asia. Additionally, it has been shown to have anti-cancer
properties (Potter et al., 2002; Yokozawa and Kim, 2007)

Recent research has indicated that sirtuin-activating compounds such as
luteolin, butein, piceatannol, fisetin, quercetin, and resveratrol have a stimulatory
effect on the Sir2 activity in yeast. Some of the research reports indicate that a dietary
intake of omega-3 fatty acids has the potential to reverse the decline of Sirtl in rats
with a mild traumatic brain injury (Chen et al., 2018). Anthocyanidins can also greatly
increase SIRT6 deacetylation activity in vitro. Moreover, cyaniding can upregulate
SIRT6 protein expression in human colon adenocarcinoma Caco-2 cells (Rahnasto-
Rilla et al., 2018). Interestingly, Khan et al. (2021) proposed that SIRT activators can be
investigated to determine their effectiveness of alleviating COVID-19 symptoms.
Table 2 is a review of the sirtuin-activating compounds that are found in natural food.

Table 2 Sirtuin-activating compounds in sirtuin stimulation and food sources of
sirtuin activators.
Sirtuin-activating

C Dietary Sources References
ompounds
Resveratrol rapes, red wine, berries, peanuts,
gndpdark chocolate i (Allard et al., 2009)
Anthocyanidin red berries including bilberry, (Rahnasto-Rilla
raspberry and cranberry et al., 2018)
Butein butea, dablia, coreopsis (Semwal et al., 2014)
and searsia
Piceatannol red wine, passion fruit, polygonum
cuspidatums, rhodomyrtus (Kukreja et al., 2013)
tomentosa, white tea and peanut
Fisetin strawberry, apple, persimmon, (Khan ef al., 2013)
grape, onion, and cucumber
Quercetin onions, green tea, green pepper,
asparagus, red leaf lettuce (Nishimuro et al., 2015)
and tomatoes
Curcumin turmeric (Stani¢, 2017)
Luteolin broccoli, pepper, thyme,'ce%ery, (Miean and Mohamed, 2001;
parsley, rosemary and bird’s-eye

1 Shamsizadeh et al., 2017)
chilies
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5. Suggested diet pattern for elderly
5.1 Calorie restriction (CR)

CR is defined as a long-term dietary intervention (Anderson and Weindruch,
2012) whereby there is a limit in calories and malnutrition is avoided. CR, which can
extend the human lifespan by up to five years, has quietly become accepted among
leading researchers (Dar et al., 2012). CR intake and the high physical activity levels of
an elderly population of Okinawans generated a low Body Mass Index (BMI) relative
to the high plasma levels of DHEA (Dehydroepiandrosterone Hormone). This could
reduce the fatalities from age-related diseases such as cancer of the prostate, breast,
and colon, and coronary heart disease (Willcox et al., 2007). However, for elderly
people, there may not be an understanding of the relationship between obesity and its
adverse outcome. The relative risk is associated with BMI failure in old age (Stevens
et al., 1998). Besides controlling the balance of physical activity with food supplements,
an elderly person should try to have a diet that is diverse and nutrient-rich (Tripathi
et al., 2016).

Furthermore, CR- mimetics in elderly people should be examined as a powerful
alternative for the maintenance of health. CR-mimetics work with the caloric
restriction between activated biochemical pathways in mammalian cells through
various polyphenols which include resveratrol, catechins, quercetin, and genistein,
which is found in plants (Morris, 2010).

5.2 Balanced intake of macro-micronutrients

However, CR for elderly people should also relate to the contributors of
macronutrients which include protein, carbohydrates, and fat as total energy. A good
amount of knowledge on the determinants of nutritional intake may help in the early
prevention of malnutrition. Macronutrient intake for the elderly in the literature is as
shown in Table 3.

Table 3 Contributors of macronutrient intakes as total energy for the elderly person
Contributors of Macronutrient intakes

(% calories) References
Protein Carbohydrates Fat
10-15 55-60 25-30 (Bureau of Food, 2012)
10-35 55-75 20-35 (Ter Borg et al., 2015)
10-35 45-65 20-35 (Services, 2017)
24-26 61-59 15 (Saito et al., 2018)

The presence of the above disorders may increase or decrease because of
dietary adjustments and the calories and micronutrients involved. Vitamin A is
important for vision, bone improvement, and immune function. Vitamin D with a
calcium intake together with physical activity can improve functional capacity and
femoral bone density which can decrease the risk of falls among elderly people
(Bunout et al., 2006). A calcium balance is also important for older people because it
can maintain bone strength and keep bones healthy during older age. However,
it should be noted that vitamin K intake is associated with gastrointestinal symptoms
and constipation (Shah et al., 2014) .The current dietary reference intake for vitamin E
should be raised for the elderly because it has anti-inflammatory and immune
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function benefits related to the processes and resistance to infection. Total B vitamin
supplementation including vitamins B12, B6, B2 and folate is associated with a mild
cognitive function impairment among elderly Koreans (Kim et al., 2014). The elderly
population often avoids eating meats and other foods that contain zinc to avoid
increasing their blood cholesterol levels due to the many associated recommendations.
However, this results in a zinc deficiency among the elderly. Elderly people have to
restrict their intestinal absorption, so then they can increase their utilization of refined
wheat products, which lack in zinc and other fiber-rich foods that contain phytate
(Cabrera, 2015)
5.3 Anti-aging food pyramid

The elderly population should be recommended daily servings consisting of
macro and micronutrients, bioactive compounds, antioxidants, and other essential
compounds for anti-aging which can be found in this article. Notably, the Anti-Aging
Diet Pyramid was applied to intake servings and CR for the elderly (Shakti and
Dubey, 2015). The Anti-Aging Diet Pyramid is a food pattern made up of dietary habits
that will lead to longevity. The sources of the anti-aging diet are described in Fig 2.

ONCE PER WEEK &

v
TWICE PER WEEK %

%
DAILY 1 organic egg are acceptable. (o)
25-30% of the calories should be P
intake from fats contains olive oil
and fats fish and nuts.

-—
-
a

A
: : @
LR e A %,
. -\"_ 3 -
S
£l S . s A
Low lElycemic index complex carbohydrates,
such as barley, cereal, legumes, and above
ground leafy vegetables are supplied up to 55% o 2
of the total calories per day (3 o
a1 | L
3 L

. %

Fig 2 The anti-aging food pyramid can apply to calorie intake for the elderly.
Modified from Shakti and Dubey (2015)

The pyramid is divided into 3 layers including daily, once per week, and twice
per week. Beginning each day with 10 full glasses of clean and filtered water is the
first stage of the pyramid. In addition, complex carbs, which provide up to
55 percentage of the total calories. These carbs are of the low-glycemic index varieties
and include barley, grains, legumes, and vegetables with leafy greens. A suitable
source of protein for the daily layers of the foundation diet is one egg per day. The
majority of the lipids in the diet should come from olive oil, which is rich in
monounsaturated fats and an excellent source of antioxidants. According to the
anti-aging food pyramid, olive oil, fish, and nut fats should account for 25 to 30
percentage of daily calories. The second layer is a considerably thinner layer that
consists of protein-rich foods derived from fish and poultry. The elderly need to eat
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protein-rich foods from this group at least twice every week. In the third layer, elderly
should obtain sweets and lean red meat once a week. This suggested diet pattern can
be applied to help develop food products for the elderly to satisfy the balance of micro-
macro nutrients that also have a high potential of antioxidants and antiaging
ingredients.

The summary of the reviews from multiple research studies linked to diet
include calorie restrictions, nutrients, micronutrient intakes, and sirtuin foods in
relation to the aging mechanism as shown in Fig 3.
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Fig 3 Association between aging mechanisms and benefits of food sources on
anti-aging ability.

In red, arrows show the three main aging mechanisms that simulate many
disorders in the elderly that consist of increasing oxidative stress, decreasing sirtuin
activity, and hormone balance, as described in the previously part. The aging process
is linked to increased oxidative stress, ROS can come from both exogenous and
endogenous causes. Exogenous or environmental sources such as air pollution,
tobacco smoke, ionizing and nonionizing radiation, meals, medications, and
xenobiotics (Bhattacharyya et al., 2014). Endogenous sources include cellular
metabolic activities such as oxidases (NOXs), nicotinamide adenine dinucleotide
phosphate hydrogen (NADPH) and xanthine oxidases (XO), among other substances,
according to Aranda-Rivera et al. (2022). Imai and Guarente (2016) reported that the
tamily of proteins known as “sirtuins” has a special characteristic in that it couples the
breakdown of nicotinamide adenine dinucleotide (NAD+) and protein deacylation.
This strong relationship between NAD+ and sirtuins has provided invaluable a
molecular explanation for how to control aging and longevity in a variety of animals
by regulating energy metabolism. According to reports of Poulose and Raju (2015),
sirtuinl activity declines with age, and enhanced sirtuin expression or activation has
been linked to longer lifespans. In addition, hormones function as chemical
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messengers that link and regulate all significant cellular metabolic, growth, and
developmental processes. The control of hormonal availability of their active products
may be related to the aging process (Monzani et al., 2016). The hormone known as
Insulin-like growth factor-1 (IGF-1), which majorly regulates growth hormone (GH)-
stimulated somatic growth, was the subject of numerous investigations. When the
mechanism to regulate sex hormones in both men and women ages fails, it may affect
musculoskeletal and sexual dysfunction as well as long-term risks of health problems
(El-Sakka Ahmed and Hassoba, 2006).

The green text and arrows show the suggested foods and diet patterns that can
slow down the aging process and relieve aging symptoms. According to various
research, foods with high in antioxidants have an anti-aging effect. It is expected that
various antioxidants found in food would help to regulate the redox balance because
the body's ability to regulate redox balance is a key aspect of aging (Miyazawa et al.,
2022). A recommended diet for the elderly includes caloric restriction along with a
balance of micro and macronutrients. CR has the ability to activate AMP-activated
protein kinase (AMPK). AMPK is an energy sensor that reduces the kinase activity of
the autophagy repressor mechanistic target of rapamycin (mTOR) when CR is present.
Moreover, CR both directly and indirectly activates sirtuins, which are nicotine
adenine dinucleotide (NAD+)-dependent lysine deacetylases (KDACs) that play
essential roles in anti-aging process (Canté and Auwerx, 2011; Guarente, 2007).
According to Kokten et al. (2021), CR also induces a change in the composition of the
gut microbiota and favors bacteria that produce anti-inflammatory. SIRTs play key
roles in the treatment and prevention and age-related metabolic disorders. Various
foods contain numerous potential modulators of SIRTs, especially polyphenols, which
are anti-inflammatory and anti-aging.

6. Trends when developing food products for the elderly

Developing innovative foods should reach an interesting and increasing
segment of the elderly consumer market globally. “ Anorexia of aging” refers to their
eating and swallowing problems, as well as dry mouth, taste loss, and malnutrition.
Many food entrepreneurs need to develop innovative foods for the elderly to meet
their nutritional requirements, provide texture-modified foods, and provide
acceptable solutions to overcome their eating and swallowing difficulties (Lutz et al.,
2019). The nutritive value of the product portions with selected functional ingredients,
vitamins, and minerals is the key to developing food products for the elderly. The
design product concept of ready-to-eat, easy-to-open, and easy-to-bite and chew foods
will support their nutritional and functional needs (Baugreet et al., 2017; Rusu et al.,
2020).

Healthy texture modified (TM) or texture-softening foods for the elderly are
a major challenge for product development. TM foods refer to foods that have been
physically or chemically modified to create a softer texture, which is recommended
for dysphagia diets as it reduces the risk of choking. These foods should be soft, moist,
elastic, smooth, and easy to swallow (Cichero et al., 2013; Yoshioka et al., 2016).
For elderly with dysphagia, replicating human tactile perception in terms of hardness,
adhesiveness, and cohesiveness can be utilized for the development of a food products
(Nishinari and Fang, 2018). Costa et al. (2019) explained the phenomenon of food
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texture alteration typically involves a step of dilution with water or other liquids
during the blending and/or size reduction processes. In addition, several known
technologies can produce TM foods including enzymatic treatments, freeze-thawing
infusions, high pressure processing, pulsed electric fields, and sonication (Aguilera
and Park, 2016). For example, Ma et al. (2019) applied treatment sequences of a high
pressure processing and papain combination can significantly influence the
tenderization effect on yak meat. Chao et al. (2022) conducted research to alter the
consistency of chicken surimi by combining it with mealworm protein isolate, and
coaxial three-dimensional printing was utilized to create a fibrous structure suitable
for consumption by the elderly. It is remarkable that this study was able to
successfully modify the texture of surimi to create a novel food product with a fibrous
shape suitable for elderly consumption.

In addition, numerous studies have been conducted to improve the extraction
efficiency of bioactive compounds that support anti-aging via various pathways, such
as antioxidants, anti-inflammatory, and anti-cancer, from natural plants and herbs
such as turmeric rhizomes, Jasmine rice bran protein hydrolysate, black and golden
garlic, black rice grain, Assam green tea, and Lingzhi (Chuensun et al., 2020; Hunsakul
et al., 2022; Pakakaew et al., 2022; Salee et al., 2022; Singh, Srichairatanakool,
Chewonarin, Brennan, et al, 2022; Singh, Srichairatanakool, Chewonarin,
Prommaban, et al., 2022).

Functional foods are ingredients that offer additional health benefits in
addition to their nutritional value or may contain supplements or other components
designed to improve health (Grochowicz et al., 2021). Functional food is becoming
increasingly attractive to both the elderly and their caregivers as a means of promoting
a high quality of life. Numerous studies have proposed and advocated for the use of
various functional foods to aid the elderly in enhancing their nutritional status and
avoiding deficiencies. Arnold et al. (2021) has reviewed that the intake of calcium is
essential, and chicken eggshell powder has been applied in food products to provide
a high daily calcium content. Recently, the market has seen the introduction of various
functional products, such as bread enriched with omega-3, which can help to reduce
cholesterol levels due to its high content of soluble fiber, and low-fat muesli yoghurt,
which can help to lower blood glucose. (Ashwell, 2004; Kalra, 2003). Similarly, Thai
researchers have been interested in exploring and creating functional foods for general
consumers, particularly for the elderly. For example, Chompoorat and Phimphimol
(2019) formulated a functional cupcake for elderly utilizing red kidney bean flour as
a main component with a high concentration of protein and fiber, and consuming a
single portion of this cupcake could provide 8% of the Daily Recommended Intake of
protein. Samappito (2021) developed purple waxy corn milk yogurt prepared from
purple waxy corn which is considered to be one of the potential probiotic foods.
Moreover, Ngampeerapong et al. (2022) investigated methods to reduce sugar and
increase fiber content in Thong Ake, a Thai traditional auspicious dessert composed
of sugar, flour, coconut milk, and egg yolk, which could potentially be a risk factor for
non-communicable diseases. The mixture of stevioside and sorbitol, as well as
resistant starch, were taken into consideration. The Thai dessert developed is suitable
for those who wish to restrict their carbohydrate consumption, particularly the
elderly.

Agro-Industry Chiangmai University | https://tci-thaijo.org/fabjournal m



Food and Applied Bioscience Jourr

Consequently, the prospective development of functional foods for the elderly
should consider several factors that have been illustrated in Figure 4. The developed
functional foods for the elderly should have a high anti-oxidant and anti-aging effect
based on a balance of micro and macronutrients. Specifically, the improved healthy
texture should be examined because it contributes to the positive emotional state of
the elderly when consuming functional foods.

m

foods for
eldery

Fig 4 Perspective concept for the functional food development for the elderly.

4. Conclusion

Dietary behavior modification as an anti-aging strategy is essential for the
health of the elderly and the prevention of age-related disorders. It is suggested that
the diet of the elderly includes daily dietary portions with balanced macro- and
micronutrients, bioactive components, antioxidants, and other anti-aging compounds,
especially sirtuin activator foods. Due to the variety of anti-aging foods and their
benefits, the development of anti-aging products that are considered to be age-related
is an interesting topic for the future. The study of the link between innovative
anti-aging products and their effects on the aging mechanism, especially in the elderly,
should be investigated.
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