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ABSTRACT

Food, like bananas, can be used as depression therapy. Bananas are
known for their high tryptophan content. Tryptophan is the precursor of the
neurotransmitter serotonin, which is closely related to the pathophysiology
of anxiety and depression. This comprehensive review examines the available
research on the link between banana consumption and mood. Screening of
original articles or reviews was done on the Google Scholar database, Science
Direct, MedLine (PubMed), Scielo, and Proquest with the keywords "banana,”
"Musa," "depression,” and "anxiety" published no later than March 31, 2023.
From 8.469 articles found, 18 studies were selected. From the experimental
trial articles obtained (9 studies), most reported positive antidepressant and
antianxiety effects, but not all were significant. The results of the three clinical
trials were also inconsistent. Bananas have antianxiety and antidepressant
properties, but the scientific literature on their efficacy is limited. Therefore,
more evidence is needed to justify its use as a primary or adjunctive
treatment for depression and anxiety.
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INTRODUCTION

conventional treatment also does not give the

Mood disorders, such as major depression
disorder, are commonly treated with selective
serotonin reuptake inhibitors (SSRIs), although
many adverse effects are found (Edinoff et al,
2021). Currently, SSRIs have been the first line of
treatment for anxiety disorders(National Institute
for Health and Care Excellence (NICE), 2011).
However, SSRIs have various limitations, such as
the time lag until the onset of pharmacological
effects (a few hours before therapeutic effects,
within two weeks for sub-chronic therapy) (Blier,
2001). Hence, the patient's mood may deteriorate
(Asher et al, 2017). Patients treated with SSRIs
were also anxious about drug dependency and
stigma (Dome et al, 2019). Sometimes,
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expected effect.

A more comprehensive understanding of the
pathophysiology of depression has encouraged
using compounds with anti-inflammatory,
antioxidant, and neuroprotective effects as an
alternative therapy or supportive therapy for
depression (Dobrek, 2023; Jembrek et al., 2023;
Moragrega & Rios, 2021; Tayab et al, 2022;
Winiarska-mieczan et al., 2023). Explanations of
depression theories other than from the
perspective of monoamine deficiency have been
supported by evidence showing an increase in
inflammatory biomarkers and oxidative stress and
a decrease in the capacity of antioxidants in the
body, such as vitamins A andC, glutathione
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peroxidase, superoxide dismutase, and catalase
(Winiarska-mieczan et al., 2023). The presence of
inflammation is related to decreased levels of
tryptophan in the body because inflammation
causes hyperactivation of the enzyme that
converts tryptophan into N-formylkynurenine
(indoleamine-2,3-dioxygenase), which is then
metabolized into kynurenine (Paul et al,, 2022). It
has also been proven that tryptophan
concentrations are inversely proportional to pro-
inflammatory cytokine levels (Dowlati et al., 2010).

Natural products are used to treat
depression because they are believed to have lower
toxicity, better compatibility, better cultural
acceptability, and are more affordable and
accessible to get (Al-Harrasi et al., 2023; Dwyer et
al, 2011; Peng et al, 2022). One of the natural
products that can be used to treat depression is
food. Foods can affect human mood significantly.
Healthy foods such as vegetables and fruit can
improve mood and mental health (AlAmmar et al.,
2020; Gibson et al, 2020; Grases et al., 2019;
Martinez-Gonzalez & Sanchez-Villegas, 2016).
Since the monoamine theory is believed to
contribute to the pathophysiology of depression
and anxiety disorders, therapy to increase
serotonin levels in patients with both illnesses
makes sense.

Previous studies have shown that eating a
diet high in tryptophan can help treat depression
(Chojnacki et al., 2023; Lindseth et al,, 2015; Parker
& Brotchie, 2011). Tryptophan is an essential
amino acid obtained from food. However, only a
small amount is stored in the body, which is critical
for human physiological functions (Friedman,
2018; Haleem, 2023; Modoux et al, 2021).
Tryptophan is a precursor in the production of
serotonin. This neurotransmitter plays an essential
role in the pathophysiology of depression and
anxiety (Davidson et al,, 2022; Kaluzna-Czapliniska
etal, 2019; Roth et al.,, 2021; Torrente et al., 2012;
Walgen et al,, 2017). The daily need for tryptophan
is around 4-5 mg/kg of adult body weight (Institute
of Medicine, 2005; Joint WHO/FAO/UNU Expert
Consultation, 2007). This need can be met by
consuming tryptophan-rich foods such as meats,
milk, wheat bread, chocolate, tuna, cheese, peanuts,
oats, dried prunes, bananas, and apples
(Ramakrishna et al., 2011; Richard et al., 2009).

Even though the amount of tryptophan in
bananas may not be as high as in other types of
food, the ratio of tryptophan to other amino acids is
relatively high compared to other foods mentioned
previously (Richard et al., 2009). The high ratio of
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tryptophan to other amino acids is important
because, as the only precursor of serotonin, up to
95% of tryptophan distributed throughout the
body is bound to albumin (Hood et al., 2005).

Free tryptophan can penetrate the BBB
when approaching the blood-brain barrier (BBB)
(Baier et al, 2022). Tryptophan competes with
other large neutral amino acids such as histidine,
isoleucine, methionine, phenylalanine, threonine,
tyrosine, and valine for the cerebrovascular
transport system (Lucini et al, 1996). However,
tryptophan has a higher affinity for that transport
system because of its sizeable hydrophobic side
chain (Smith, 1988). Therefore, the bioavailability
of tryptophan is expressed in the ratio of
tryptophan to other amino acids that compete for
the same transporter (Lucini et al., 1996). Higher
concentration of tryptophan available for serotonin
synthesis can be achieved by increasing the amount
of tryptophan or decreasing the amount of other
competing amino acids.

Banana (Musa sp.) is an herbaceous fruit
plant from Southeast Asia that has spread to Africa,
South America, and Central America (De Langhe et
al, 2009; Elayabalan et al, 2017; Perrier et al,
2011). Bananas are a popular fruit cultivated and
consumed in Indonesia because they are cheap but
nutritious. Moreover, based on the 2022 gross
production value, Indonesia was ranked number
one in global banana production (FAO, 2022).

Banana has high tryptophan content among
other fruits (26.15+0.37 pg/g) (Islam et al., 2016).
A previous research reported a higher content of
tryptophan (1000 pg/g) in banana peel powder
(Soeliono et al, 2023). Another study showed
increased serotonin in human platelets after
banana administration (Xiao et al, 1998).
Providing unripe banana pulp powder for 30 days
can significantly increase serotonin levels in the
brains of Swiss albino mice (Erigbali et al., 2017).
Increased serotonin expression also occurred after
administration of bananas in the form of banana
flakes (5%; 3 weeks) and banana peel extract (16
mg/kg; 3 days) (Fatchurohmabh et al.,, 2019; Meliala

etal, 2020).
However, the antianxiety and
antidepressant effects of bananas are still

debatable. Understanding the potential mood-
enhancing properties of bananas can provide
valuable insight into nutritional strategies to
improve mental well-being. Therefore, this
comprehensive review examines the available
research on the relationship between banana
consumption and mood. By integrating and
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assessing available data, this review aims to show
how bananas may alter mood and emotional well-
being.

METHODS

This study investigates the depression or
anxiety effect of bananas. The following databases
were screened: Google Scholar, Science Direct,
MedLine (PubMed), Scielo, and Proquest. The main
keywords searched include "banana," "Musa,”
"depression,” and "anxiety." Each keyword was
searched in the article title. The articles collected
were imported to Mendeley software (Elsevier,
USA) to remove duplicates. The inclusion criteria
are all studies investigating the antianxiety and
antidepressants of bananas, published no later than
March 31, 2023; written in English or Indonesian;
available in full text; and original article or review.
The abstracts of all articles were screened, and the
selected articles' full text was retrieved. All data
were tabulated and analyzed in Microsoft Excel
2021 (Microsoft Corporation, USA).

Table I. Search strategy

Search strategy

PubMed (MEDLINE)

#1 "Musa"[Mesh]) AND
Agents"[Mesh] = 5 results

#2  "Musa"[Mesh]) AND
Agents"[Mesh] 2 4 results
Google Scholar

#1 (Musa OR Banana OR pisang) AND (anxiety OR
depression OR cemas OR depresi) = 8.440 results
Science Direct

Title, abstract, keywords: (Banana OR musa) AND
(anxiety OR depression) = 17 results

Scielo

#1 (banana OR musa OR platano) AND (depression
OR depresion) = 2 results

#2 (banana OR musa OR platano) AND (anxiety OR
ansiedad) - 1 result

"Anti-Anxiety

"Antidepressive

RESULT AND DISCUSSION
Characteristics of the articles

Eight thousand four hundred sixty-nine
articles were screened through all databases
(Table I). After reading the title and abstract, 8.451
studies were excluded. With careful analysis, 18
studies were selected (nine experimental studies
(Table II), three clinical studies (Table III), and
six review articles. Most of the articles retrieved
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were experimental studies (47%) from India
(Figure 1).

It is well-known that the location of plant
growth affects the pharmacological effects (Li etal.,
2010). The pharmacological effects of plants are
highly dependent on the content and production of
secondary metabolites. Secondary metabolites are
not directly involved in growth and reproduction
processes. Factors that influence the production of
secondary metabolites include harvest time,
season, soil type, nutrient supply, altitude,
geographical location, maturity level, genotype or
cultivar, biotic and abiotic stress (such as
temperature, drought, salinity, and light intensity),
as well as fruit maturity and post-harvest handling
and processing (Bachheti et al,, 2021; Vu et al,
2018).

The ripeness level of banana peel affects the
type of secondary metabolites that can be
extracted. Previous research on Musa paradisiaca
L. proved that the ethyl acetate extract of unripe
banana peel does not contain tannin and alkaloids;
meanwhile, the results were positive in the ripe
banana peel. Likewise, in the ethanol extract, the
results of the tannin content test were positive and
saponin negative; in the unripe peel, the test results
were the opposite (Widoyanti et al, 2023).
Some studies show higher antioxidant compound
content in green bananas than in ripe bananas, but
some studies report the opposite (Fatemeh et al.,
2012; Sundaram etal., 2011; Vu et al,, 2019). When
the green color of the banana peel changed to
yellow, the chlorophyll content degraded
by around 90%; meanwhile, the carotenoid
increased by 50%, and the flavonoid increased
by 27% (Vu etal., 2019).

Unfortunately, although the level of banana
ripeness determines the content of secondary
metabolites that impact pharmacological effects,
the preclinical and clinical studies cited in this
review did not detail the level of ripeness of the
banana samples used. Soltani et al. (2011)
mentioned that banana ripeness levels are
generally expressed in 7 stages based on color
comparison with a graphic scale. In stage 1, the
banana peel is entirely green. In stage 2, the banana
peel is green with a hint of yellow. In stage 3, the
banana peel is greener than yellow. In stage 4, the
banana peel is more yellow than green. In stage 5,
the banana skin is yellow with a hint of green. In
stage 6, the entire banana skin is yellow. Finally, in
stage 7, the whole banana skin is yellow with
brown spots.
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Figure 2. Banana species (A) and banana part (B) used in studies

Most articles use forced swim, tail
suspension, elevated plus maze, and open field
tests (Table II). The most studied species were
Musa paradisiaca and Musa sapientum (Figure 2A).
Four studies reported antidepressant effects, three

The properties of banana

This study reviews the antidepressants and
antianxiety effects of bananas. Bananas contain
carbohydrates, protein, vitamins, and minerals
(Netshiheni et al., 2020; Sidhu & Zafar, 2018). Raw
and mature bananas contain bioactive compounds
such as phenolic compounds, steroids, biogenic
amine, carotenoids, and phytosterols that have a
positive effect on health, especially as antioxidants
(Afzal etal., 2022; EAetal., 2019; Lopes et al., 2020;
Mengstu et al,, 2021; Netshiheni et al.,, 2020; Prasad
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reported antianxiety effects, and five reported both
effects. Both antianxiety and antidepressants were
reported positive, but not all were significant. Most
studies used banana fruit or peel (Figure 2B).

& Das, 2024; Qamar & Shaikh, 2018; Singh et al,,
2016).

The phenolic compounds in bananas are
mainly flavonoids, which have antioxidant effects
based on their ability to scavenge oxygen free
radicals and inhibit oxidative enzymes that cause
the emergence of reactive oxygen species (Dong et
al,, 2016). The flavonoid content of bananas ranged
from 0.40-7.45 quercetin equivalent per 100-gram
dry weight (C. V. Borges et al, 2014). The
antioxidant effect rises as the banana ripens
(Prasad & Das, 2024).



Moreover, banana fruit and peel are rich in
carotenoids and vitamins A and C, contributing to
antioxidant activity (Pereira & Maraschin, 2015;
Toh et al,, 2016). Carotenoids (provitamin A) are
precursors of vitamin A that the mammalian body
cannot synthesize (Hammond & Renzi, 2013). The
banana's yellow color is a good predictor of its
carotenoid content (Englberger et al,, 2006). The
banana's carotenoid content varies with cultivars
and ripening stage; some reported total
carotenoids as high as 6405.03 + 217.06 pg/100 g
d.w (C. V. Borges etal.,, 2019; Chandra et al., 2020).

Furthermore, Bananas contain phytosterols,
such as fatty acids, sterols, and steryl esters, which
are known to reduce cholesterol levels in the blood
and can increase cardiovascular (CVD) risk (Sheng
etal, 2017; Vilela et al., 2014). FDA has stated that
for lowering CVD risk, the amount of plant sterol
and stanol esters are minimally 1.3 and 3.4 g per
day (“Food Labeling: Health Claims; Plant
Sterol/Stanol Esters and Coronary Heart Disease.
Food and Drug Administration, HHS. Interim Final
Rule.,,” 2000). The lipophilic extract of banana
contains 11.1-28.0% sterol, some of which are
campesterol, stigmasterol, and [-sitosterol
(Mondal et al,, 2021; Vilela et al., 2014).

Banana fruit and peel also contain bioactive
amines such as serotonin and dopamine,
contributing to antioxidant activity (Gonzalez-
Montelongo et al, 2010; Pereira & Maraschin,
2015a). Moreover, banana contains tryptophan, a
protein that will be converted into serotonin inside
the body; thus, eating a banana will relax, improve
mood, and increase happiness (Kumar et al.,, 2012;
Rajesh, 2017).

Bananas are high in nutrients, and various
parts of the banana plant have shown efficacy as a
medicinal plant. Banana flowers cure dysentery,
ulcers, and bronchitis (Kumar et al,, 2012). Banana
sap contains astringent chemical compounds and
treats hysteria, epilepsy, leprosy, fever, dysentery
and diarrhea, bleeding, hemorrhoids, and insect
bites (Kumar et al., 2012). Banana leaves have been
developed as dressing for burn patients and skin
graft donor areas (Gore & Akolekar, 2003b, 2003a;
Guenova et al, 2013). Banana roots have been
proven to have androgenic properties that support
their traditional use as an aphrodisiac treatment
(Yakubu et al., 2013). Traditionally, banana peel
ingredients are used to treat burns, anemia,
diarrhea, ulcers, inflammation, diabetes, coughs,
snakebites, and menorrhagia (Pereira & Maraschin,
2015). Nowadays, banana peel is also used as a
teeth-whitening agent, anticancer, antimicrobial,
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antidiabetic, anti-ulcerative, analgesic, mosquito
bite, and skin wound treatment (Bhavani et al,,
2023; Kemisetti et al., 2022). In addition, banana
peels show activity to prevent or treat depression
(Kemisetti et al, 2022). Based on Iranian and
Indian traditional medicine, bananas are
prescribed for depression (Pereira & Maraschin,
2015b). The chemical content of banana peels and
fruits is primarily carotenoids, phenolic
compounds, and biogenic amines (serotonin,
norepinephrine, and dopamine) (Pereira &
Maraschin, 2015b; Vu et al.,, 2018; Waalkes et al.,
1958).

Tryptophan's role in banana

Tryptophan, as a supplement, has been used
in the UK as a monotherapy or adjuvant for
depressant patients resistant to treatment (Joint
Formulary Committee, 2021). The tryptophan
content made bananas a potential treatment for
depression. Tryptophan is an essential amino acid
required in serotonin production. Serotonin can
help a person relax and improve overall mood and
happiness (Jyothirmayi & Rao, 2015; Lal et al,
2017; Singh et al., 2016). A survey by MINDS, an
Indian NGO, showed that people with depression
felt much better after eating a banana (Kumar et al.,
2012; Rajesh, 2017).

Tryptophan, an essential amino acid and a
precursor to serotonin, has been proven to elevate
the mood of healthy individuals (Kikuchi et al,,
2021). Tryptophan in the body is converted into
serotonin. In humans, acute dietary depletion of
tryptophan is related to increased depressive
symptoms or increased severity of depression (K.
A.Smith etal,, 1997). It has been found that patients
with depression have a lower tryptophan/neutral
amino acid ratio (Manosso et al., 2013).

Tryptophan is transported from blood to the
brain by a transport carrier that is not specific for
tryptophan but also for other amino acids (Ruddick
et al, 2006). After tryptophan has entered the
extracellular or cerebrospinal fluid, tryptophan can
be uptake into cells and incorporated into several
metabolism pathways, one of which is serotonin
synthesis (Ruddick et al, 2006). Serotonin is a
bioactive = compound and one of the
neurotransmitters involved in many physiological
functions such as cardiovascular, pain, feeding, and
reproduction and behavioral functions such as
cognition, impulsivity, aggression, and mood
(Vadodaria et al.,, 2018).

Once in the brain, tryptophan is
hydroxylated to 5-hydroxytryptophan (5-HTP) by
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tryptophan 5-hydroxylase, a step that requires
vitamin C as a cofactor. 5-HTP is then
decarboxylated to 5-hydroxytryptamine, which
requires pyridoxine as a cofactor. Serotonin is then
metabolized by monoamine oxidase to 5-hydroxy
indole acetic acid. Biotransformation of tryptophan
to serotonin also occurs in the gut, platelets, and
mast cells (Knapp et al.,, 2003).

The meta-analysis of 108 studies reported
improved depressive symptoms with L-tryptophan
or 5-hydroxytryptophan supplementation (Shaw,
Turner & Del Mar, 2002). It has been mentioned
before that bananas have a high content of
tryptophan. Therefore, the consumption of
bananas is thought to have the same effect.

Serotonin compound in banana

In addition to containing tryptophan,
bananas contain serotonin. Serotonin is a
physiologically active amine and neurotransmitter
that regulates mammals' mood, sleep, and anxiety
(Paredes et al., 2016). In plants, it is synthesized
from tryptophan. Tryptophan is first catalyzed into
tryptamine and then into serotonin (Ramakrishna
et al, 2011). It is known that serotonin, but not
tryptophan and 5-HTP, does not cross the blood-
brain barrier. However, a previous study reported
that the level of mice's brain serotonin was
increased after 30 days of banana-feeding
(Erigbali et al., 2017). The author hypothesized
that the increase of serotonin in the brain was
because the precursor, tryptophan, crossed the
blood-brain.

Previously, serotonin could be detected in
other high quantities in banana plants (Musa spp.).
Musa acuminata fresh fruit contains 9.48+0.09
nug/g serotonin (second highest after kiwi),
26.15+0.37 pg/g tryptophan (second highest after
watermelon), and 0.959+#0.28 tryptamine (the
highest) pg/g fresh fruit (Islam et al, 2016).
Previous studies have also shown increased
platelet serotonin after administering bananas
(Xiao et al., 1998). Another review regarding the
serotonin content in Musa sapientum peel and pulp
reported a higher serotonin content in banana peel,
and the serotonin is lower in the ripening stage
(Ramakrishna et al.,, 2011). It was mentioned that
serotonin is involved in growth regulation,
flowering, xylem sap exudation, ion permeability,
and plant morphogenesis (Paredes et al., 2016).
Biogenic polyamines and amines also contribute to
the antioxidant activity of bananas, where their
antioxidant abilities correlate with the number of
amine groups. Biogenic amines are aliphatic
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organic that play a role in animal, plant, and
microorganisms' metabolic and physiological
functions. In plants, amines such as serotonin can
be protective compounds against insects and fungi.
Dopamine and serotonin have antioxidant and anti-
inflammatory effects (Lopes et al., 2020).

Antioxidant activity of banana

Banana has antioxidant properties that can
counter the stress effect in our body so that
sympathetic neuron activation will decrease
(Aboul-Enein et al., 2016; Alhabsyi et al., 2014;
Ehigiator et al., 2018; Fidrianny et al., 2014, 2018;
Hallikeri et al,, 2010; Jami’ah et al., 2018; Lopes et
al,, 2020; Manzoor & Ahmad, 2021; Marikkar et al.,
2016; Mentari et al., 2019; Nifinluri et al., 2019;
Pane, 2013; Phuaklee et al, 2012; Pratiwi &
Krisbianto, 2019; Rebello et al., 2014; Samad et al.,
2018; Schmidt et al., 2015; Sukmawati et al., 2015).
Oxidative stress, a damaging effect of free radicals,
increases in people with depression. The increased
oxidative stress markers are evidence of this (Black
et al,, 2015). A previous study has mentioned that
banana pulp consumption in mice can increase
antioxidant enzyme activities while decreasing
brain lipid peroxidation (Samad et al,, 2020). The
content of phenolic compounds in banana peels
varies between 4.95 - 47 gallic acid equivalent/g
dry matter (GAE/g d.m.), which is 1.5-3 times
higher than that found in the fruit flesh. The activity
of capturing and reducing the number of free
radicals is much higher than in other fruit peels
(Sukmawati et al., 2015).

Phenolic compounds are secondary
metabolites in high amounts of bananas and
provide many benefits, such as preventing
cardiovascular disease, cancer, diabetes, and
obesity. Phenolic compounds in bananas show
antioxidant effects by limiting the production of
reactive oxygen species (ROS), scavenging ROS, and
activating antioxidant enzymes (Zou et al., 2022).

There are more than 40 phenolic
compounds in banana peels that have been
identified and can be divided into four groups,
namely hydroxycinnamic acid (predominantly
ferulic acid), flavonols (predominantly rutin and its
conjugates), flavan-3-ol (the most dominant group
of phenolic compounds), and catecholamines (Vu et
al,, 2018). Methanol and acetone extract from the
bark of Musa paradisiaca L. showed quite a high
polyphenol content (17.89 * 0.16; 15.44 + 0.19
mg/g d.w.) as well as vigorous antioxidant activity
(ICso 56.22 * 8.61; ICso 55.45 g/mL) (Aboul-Enein
etal, 2016).



Musa acuminata Colla AAA showed high
activity in scavenging 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline)-6-sulphonic acid (ABTS)
free radicals and in inhibiting lipid peroxidation
(Gonzalez-Montelongo et al., 2010). Musa AAA flour
also showed high total phenolic content (about 29
mg/g GAE) with very high antioxidant activity
(FRAP 14 M/g TE, ABTS 242 M/g, ORAC 436 M/g)
(Jami’ah et al., 2018).

Research on the fruit and skin of eight
banana cultivars in Malaysia showed differences in
total phenolic content and antioxidant activity. The
highest total phenolic content (76.37 + 1.79 mg
GAE/gd.w.) was obtained from the fresh fruit of the
Raja cultivar, which was freeze-dried. The
maximum activity of DPPH (19.39 + 0.15 mg TE/g
d.w.) was achieved by the chloroform extract of
dried mas banana peel. Most of the chloroform
extracts of dried fruit showed the highest ferric-
reducing antioxidant potential (FRAP), especially
in the awak cultivar (22.57 + 0.13 mg TE/g d.w.).

Another study showed a high content of
phenolic compounds in milk banana flowers (80.13
+ 4.64 mg GAE/g extract) and high antioxidant
activity (ABTS+ 24.73 + 0.04, DPPH 25.10 * 0.15
mol of TE /g extract) and cavendish bananas and
salalah bananas (Alhabsyi et al, 2014; Amri &
Hossain, 2018; Manzoor & Ahmad, 2021).

Ethanol extract from Musa sapientum
banana fruit and peel showed vigorous antioxidant
activity (IC50 19.10; 44.07 g/ml) (Dahham et al,
2015). In another study, Musa sapientum had the
highest phenolic content in the decoction extract of
unripe fresh banana peel (117.68 £ 0.19 mg GAE/g)
and the best antioxidant activity in 50% ethanol
extract of dried raw banana peel (ECso 7.33 + 0.55
g/ml) (Phuaklee et al., 2012).

In Indonesia, there have been several studies
on the topic of banana antioxidant potential,
including tongka langit banana flour (Musa
troglodytarum L.), which shows a relatively high
antioxidant activity (DPPH ICso 159.41 mg/mL),
goroho banana peel extract (Musa acuminata L.)
(ethanol extract 75.71%, methanol extract 74.29%,
acetone extract 73.37%), and agung banana peel
extract (DPPH IC50 684.69 * 120.73 mg/mL)
(Fidrianny et al., 2018; Mentari et al., 2019; Pratiwi
& Krisbianto, 2019; Soeliono et al., 2023). Research
comparing the antioxidant activity of the skin of
various banana cultivars in Indonesia, including
raja bulu banana, muli banana, and Ambon banana,
using n-hexane, ethyl acetate, or ethanol as solvent
reported that the highest DPPH scavenging
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capacity was from muli banana ethanol extract (ICso
4.39 ppm). Meanwhile, in an antioxidant test using
ABTS, ethyl acetate extract of ambon lumut banana
has the highest capacity (ICso 1.91 ppm) (Fidrianny
etal, 2014).

Based on the evidence presented, bananas,
particularly their peels, are rich sources of
antioxidants. These compounds, primarily phenolic
compounds, are crucial in neutralizing harmful free
radicals, thereby mitigating oxidative stress. They
can contribute to various health benefits, including
antidepressants and antianxiety.

Anti-inflammation activity of banana

Evidence has shown an association between
inflammation and depressive symptoms. There
was an increasing concentration of pro-
inflammatory cytokines and cell-mediated immune
activation in the depression pathophysiology.
Those inflammatory states are also influenced by
lifestyle, such as a diet rich in tryptophan, including
bananas (Strasser et al, 2016). Various types of
bananas also show effectiveness as an anti-
inflammatory, which may be due to the content of
polyphenols, alkaloids, and terpenes. Its
antioxidant activity and radical scavenging can
produce an anti-inflammatory effect, modulation of
cellular activity of inflammatory cells, the activity of
pro-inflammatory enzymes, production of other
pro-inflammatory molecules, and expression of
pro-inflammatory genes (Bellik et al.,, 2013). That is
because of an increase in reactive oxygen species
(ROS) in inflammatory conditions. During the
inflammatory process, mast cells and leukocytes
are recruited to the site of cell damage, causing an
oxidative burst in which ROS production increases
(Reuter et al., 2010). The anti-inflammatory effect
test on M. paradisiaca stem methanol extract (200;
400 mg/kg, p.o.) showed a significant anti-
inflammatory effect (Biswas et al., 2012). Likewise,
the anti-inflammatory test results of M. paradisiaca
bark extract (100, 200, 400 mg/kg) showed
significant results, especially at a 400 mg/kg dose
compared to positive controls (Pane, 2013). In
another study, the ethanol extract and water
fraction at a 200 mg/kg dose showed significant
inhibition compared to the diclofenac sodium
(Rebello et al., 2014). Ethanol extract of kepok
banana peel at doses of 75 mg/kg BW, 150 mg/kg
BW, and 300 mg/kg BW, as well as ethanol extract
of Ambon banana leaf at doses of 500, 750, and
1000 mg/kg BW, were also shown to have anti-
inflammatory activity (Ehigiator et al, 2018;
Marikkar et al., 2016).
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Preclinical and Clinical Studies of Banana as
Antianxiety and Antidepressant

In preclinical studies (Table II), bananas
showed antianxiety and antidepressant properties.
Several studies report positive antianxiety effects.
The antianxiety effects are indicated by an increase
in time in the open arm on the EPM test and an
increase in time on the lightbox in the LDA test
(Reddy et al., 2017; Samad et al., 2017, 2021). In
addition to the significant EPM or LDA, OFT test
results show an increase in exploratory activity
after giving bananas (Samad et al., 2020). However,
one study reported the adverse antianxiety effects
of bananas (Salako et al., 2019).

The results of the antidepressant test were
shown by the results of the FST and TST tests in
units of immobility time, which showed a
significant decrease (Meliala et al., 2021; Parle &
Malik, 2010; Salako et al., 2019; Samad et al., 2017,
2018, 2021). A memory test was also carried out
with the MWM test, which showed an increase in
short and long-term memory (Meliala et al., 2021;
Samad et al., 2017, 2021). Although all the review
articles in this study supported bananas as
antianxiety and antidepressants, the clinical study
did not. Some studies reported an increase in
memory function and cognitive abilities. The effects
were increased in a dose-dependent manner.

Nevertheless, the clinical studies' results
were inconsistent (Table III). One clinical study
reported decreased anxiety scores, but no
difference was found in the intervention of two or
three bananas daily (Setyarini & Wasita, 2020). The
other study was inconsistent because the reduction
in depression prevalence seems not to increase
with the number of bananas eaten daily (Ji et al,,
2020). However, the current clinical study showed
that some people who eat bananas for two weeks
have animproved intestinal environment and
increased parasympathetic activity (Kobayashi et
al., 2022).

Future perspectives for bananas as an
antidepressant

Bananas contain both tryptophan and
serotonin and can show antioxidant and anti-
inflammatory activity. The results of preclinical
trials and clinical trials of bananas as antianxiety
and antidepressants are still limited in number.
Further testing is needed to determine the
mechanism of action underlying this effect. These
findings can help to better understand the potential
of bananas as antianxiety and antidepressants and
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the development of bananas as a natural remedy
for patients with anxiety or depression.

CONCLUSION

The use of bananas as antianxiety and
antidepressant treatment still seems far from
expectations. Although sufficient scientific reasons
exist to enforce the use of bananas for treatment,
the number of preclinical and clinical studies was
rare. More clinical studies are needed to support
using bananas as a mood booster.

ACKNOWLEDGMENTS

The authors acknowledge the support of
Widya Mandala Surabaya Catholic University,
which awarded the first author a doctoral
scholarship.

CONFLICT OF INTEREST
The authors declare that they have no
conflict of interest.

REFERENCES

Aboul-Enein, A. M., Salama, Z. A., Gaafar, A. A., Aly,
H.F., Bou-Elella, F. A, & Ahmed, H. A. (2016).
Identification of phenolic compounds from
banana peel (Musa paradisiaca L.) as
antioxidant and antimicrobial agents.
Journal of Chemical and Pharmaceutical
Research, 8(4), 46-55.

Afzal, M. F.,, Khalid, W., Akram, S., Khalid, M. A,
Zubair, M. Kauser, S., Abdelsamea
Mohamedahmed, K. Aziz, A., & Anusha
Siddiqui, S. (2022). Bioactive profile and
functional food applications of banana in
food sectors and health: a review.
International Journal of Food Properties,

25(1), 2286-2300.
https://doi.org/10.1080/10942912.2022.2
130940

Al-Harrasi, A., Bhatia, S., Behl, T., Aldawsari, M. F.,
Kaushik, D., & Chigurupati, S. (2023). Recent
advances in natural products science. In
Recent Advances in Natural Products Science
(1st ed.). CRC Press.

AlAmmar, W. A, Albeesh, F. H, & Khattab, R. Y.
(2020). Food and mood: the corresponsive
effect. Current Nutrition Reports, 9(3), 296-
308. https://doi.org/10.1007/s13668-020-
00331-3

Alhabsyi, D. F., Suryanto, E., & Wewengkang, D. S.
(2014). Aktivitas antioksidan dan tabir
surya pada ekstrak kulit buah pisang goroho
(Musa acuminate L) [Antioxidant and

11



sunscreen activity of goroho banana peel
extract (Musa acuminate L.)]. Jurnal Ilmiah
Farmasi Pharmacon, 3(2), 107-114.

Amri, F. S. Al, & Hossain, M. A. (2018). Comparison
of total phenols, flavonoids and antioxidant
potential of local and imported ripe bananas.
Egyptian Journal of Basic and Applied
Sciences, 5(4), 245-251.
https://doi.org/10.1016/j.ejbas.2018.09.00
2

Asher, G. N, Gerkin, ], & Gaynes, B. N. (2017).
Complementary therapies for mental health
disorders. Medical Clinics of North America,

101(5), 847-864.
https://doi.org/10.1016/j.mcna.2017.04.00
4

Bachheti, A., Deepti, Bachheti, R, & Husen, A.
(2021). Medicinal plants and their
pharmaceutical properties under adverse
environmental conditions. In A. Husen (Ed.),
Harsh Environment and Plant Resilience:
Molecular and Functional Aspects (pp. 458-
459). Springer.
https://doi.org/10.1007/978-3-030-
65912-7

Baier, M. P,, Salman, M. G., & Awwad, H. 0. (2022).
Connections between micronutrients,
cerebral monoamines and related brain
disorders. In W. Mohamed & T. Yamashita
(Eds.), Role of Micronutrients in Brain Health
(p- 194). Springer Nature Singapore.

Bellik, Y., Boukra3, L., Alzahrani, H. A., Bakhotmah,
B. A, Abdellah, F., Hammoudj, S. M., & Iguer-
Ouada, M. (2013). Molecular mechanism
underlying anti-inflammatory and anti-
allergic activities of phytochemicals: an

update.  Molecules, 18(1), 322-353.
https://doi.org/10.3390 /molecules180103
22

Bhavani, M., Sonia, M., Deepika, S., & Awuchi, C. G.
(2023). Bioactive, antioxidant, industrial,
and nutraceutical applications of banana
peel. International Journal of Food
Properties, 26(1), 1277-1289.
https://doi.org/10.1080/10942912.2023.2
209701

Biswas, C., Basak, D., Chakroverty, R., Banerjee, A,
Dey, S., & Mazumder, K. (2012). Effect of
methanol extract of Musa paradisiaca (linn)
stem juice on chemically induced acute
inflammation. International Journal of
Pharmacy and Pharmaceutical Sciences,
4(S5), 148-150.

Black, C. N., Bot, M., Scheffer, P. G., Cuijpers, P., &

12

Exploring the Mood-Boosting Potential of Bananas

Penninx, B. W. J. H. (2015). Is depression
associated with increased oxidative stress?
A systematic review and meta-analysis.
Psychoneuroendocrinology, 51, 164-175.
https://doi.org/10.1016/].PSYNEUEN.2014
.09.025

Blier, P. (2001). Pharmacology of rapid-onset
antidepressant treatment strategies. J Clin
Psychiatry, 62(suppl 15), 12-17.

Borges, C. V., Amorim, V. B. D. 0., Ramlov, F., Ledo,
C. A. D. S, Donato, M., Maraschin, M., &
Amorim, E. P. (2014). Characterisation of
metabolic profile of banana genotypes,
aiming at biofortified Musa spp. cultivars.
Food Chemistry, 145, 496-504.
https://doi.org/10.1016/j.foodchem.2013.
08.041

Borges, C. V., Minatel, I. 0., Amorim, E. P., Belin, M.
A. F,, Gomez-Gomez, H. A, Correa, C. R, &
Lima, G. P. P. (2019). Ripening and cooking
processes influence the carotenoid content
in bananas and plantains (Musa spp.). Food
Research International, 124, 129-136.
https://doi.org/10.1016/j.foodres.2018.08.
022

Chandra, R. D,, Siswanti, C. A, Prihastyanti, M. N. U,,
Heriyanto, Limantara, L., & Brotosudarmo, T.
H. P. (2020). Evaluating provitamin a
carotenoids and  polar metabolite
compositions during the ripening stages of
the agung semeru banana (Musa paradisiaca
1. aab). International Journal of Food Science,
2020.
https://doi.org/10.1155/2020/8503923

Chojnacki, C., Gasiorowska, A. Poptawski, T,
Konrad, P., Chojnacki, M., Fila, M., & Blasiak,
J. (2023). Beneficial effect of increased
tryptophan intake on its metabolism and
mental state of the elderly. Nutrients,
15(847),1-13.

Dahham, S. S., Mohamad, T. A, Tabana, Y. M., &
Majid, A. (2015). Antioxidant activities and
anticancer screening of extracts from
banana fruit (Musa sapientum). Academic |
Cancer Res, 8(2), 28-34.
https://doi.org/10.5829/idosi.ajcr.2015.8.2
95162

Davidson, M., Rashidi, N. Nurgali K, &
Apostolopoulos, V. (2022). The role of
tryptophan metabolites in neuropsychiatric
disorders. International Journal of Molecular
Sciences, 23, 9968. Multidisciplinary Digital
Publishing Institute.
https://doi.org/10.3390/ijms23179968

Volume 36 Issue 1 (2025)



Ivonne Soeliono

De Langhe, E., Vrydaghs, L., De Maret, P., Perrier, X.,
& Denham, T. (2009). Why bananas matter:
an introduction to the history of banana
domestication. Ethnobotany Research and
Applications, 7.
https://doi.org/10.17348/era.7.0.165-177

Institute of Medicine. (2005). Dietary Reference
Intakes for Energy, Carbohydrate, Fiber, Fat,
Fatty Acids, Cholesterol, Protein, and Amino
Acids. (2005). In Dietary Reference Intakes
for Energy, Carbohydrate, Fiber, Fat, Fatty
Acids, Cholesterol, Protein, and Amino Acids
(Macronutrients). National Academies Press.
https://doi.org/10.17226/10490

Dobrek, L. (2023). Depression and its
phytopharmacotherapy - a narrative review.
International Journal of Molecular Sciences,
24,4772.

Dome, P, Tombor, L., Lazary, ]., Gonda, X., & Rihmer,
Z. (2019). Natural health products, dietary
minerals and over-the-counter medications
as add-on therapies to antidepressants in
the treatment of major depressive disorder:

a review. Brain Research  Bulletin,
146(December 2018), 51-78.
https://doi.org/10.1016/j.brainresbull.201
8.12.015

Dong, C,, Hu, H,, Hy, Y., & Xie, ]. (2016). Metabolism
of flavonoids in novel banana germplasm
during fruit development. Frontiers in Plant
Science, 7(AUG2016), 1-10.
https://doi.org/10.3389/fpls.2016.01291

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H.,
Sham, L., Reim, E. K., & Lanctot, K. L. (2010).
A meta-analysis of cytokines in major
depression. Biological Psychiatry, 67(5),
446-457.
https://doi.org/10.1016/j.biopsych.2009.0
9.033

Dwyer, A. V, Whitten, D. L., & Hawrelak, ]. A. (2011).
Herbal medicines, other than St. John’s wort,
in the treatment of depression: a systematic
review. Alternative Medicine Review, 16(1),
40-49.

EA, B, N, S, I, M, & A, R. (2019). Bioactive
compounds in peanuts and banana.
Biochemistry & Analytical Biochemistry,
08(02), 1-4.
https://doi.org/10.35248/2161-
1009.19.8.382

Edinoff, A. N, Akuly, H. A,, Hanna, T. A.,, Ochoa, C. O,,
Patti, S. ], Ghaffar, Y. A, Kaye, A. D,
Viswanath, O., Urits, 1., Boyer, A. G., Cornett,
E. M, & Kaye, A. M. (2021). Selective

Volume 36 Issue 1 (2025)

serotonin reuptake inhibitors and adverse
effects: a narrative review. Neurology
International, 13, 387-401.

Ehigiator, B. E., Offonry, N. C, Adikwu, E. &
Inemesit, B. 0. (2018). Safety, anti-
inflammatory and analgesic assessments of
methanolic extract of Musa paradisiaca peel
in Sprague Dawley rats. African Journal of
Pharmacology and Therapeutics, 7(2), 46-
52.

Elayabalan, S., Subramaniam, S., V., & Ashokkumar,
K. (2017). An overview on phytochemical
composition of banana (Musa spp.). Indian
Journal of Natural Sciences, 7(42), 12408-
12419. www.tnsroindia.org.in

Englberger, L., Wills, R. B. H., Blades, B., Dufficy, L.,
Daniells, ]J. W, & Coyne, T. (2006).
Carotenoid content and flesh color of
selected banana cultivars growing in
Australia. Food and Nutrition Bulletin, 27(4),
281-291.
https://doi.org/10.1177/15648265060270
0401

Erigbali, P., Kiridi, K., & Ogregade, 1. (2017). Effects
of diets containing unripe plantain diet on
brain serotonin in mice. African Journal of
Biomedical Research, 20(3), 321-323.
https://doi.org/10.4314 /ajbr.v20i3.

FAO. (2022). Value of Agricultural Production.
FAOSTAT.
https://www.fao.org/faostat/en/#data

Fatchurohmah, W., Meliala, A., & Sulistyoningsih, R.
C. (2019). Effect of banana peel extract on
serotonin immunoreactivity and stool
consistency in colon of healthy male Wistar
rat. AIP Conference Proceedings, 2094(1).
https://doi.org/10.1063/1.5097491

Fatemeh, S. R,, Saifullah, R., Abbas, F. M. A, & Azhar,
M. E. (2012). Total phenolics, flavonoids and
antioxidant activity of banana pulp and peel
flours: influence of variety and stage of
ripeness. International Food Research
Journal, 19(3), 1041-1046.

Fidrianny, I, Anggraeni, N. A. S, & Insanu, M.
(2018). Antioxidant properties of peels
extracts from three varieties of banana
(Musa sp.) grown in West Java-Indonesia.
International Food Research Journal, 25(1),
57-64.

Fidrianny, I., Rizki R, K,, & Insanu, M. (2014). In vitro
antioxidant activities from various extracts
of banana peels using ABTS, DPPH assays
and correlation with phenolic, flavonoid,
carotenoid content. International Journal of

13



Research in Pharmaceutical Sciences, 6(8),
299-303.

Food labeling: health claims; plant sterol/stanol
esters and coronary heart disease. Food and
Drug Administration, HHS. Interim final rule.
(2000). Federal Register, 65(175), 54686-
54739.

Friedman, M. (2018). Analysis, nutrition, and health
benefits of tryptophan. International Journal
of Tryptophan Research, 11, 1-12.
https://doi.org/10.1177/11786469188022
82

Gibson, D., Mariska, S., Ingeborg, B., Marjolein, A. B,,
Erik, V., & Penninx, B. W. ]J. H. (2020).
Association of food groups with depression
and anxiety disorders. European Journal of

Nutrition, 59(2), 767-778.
https://doi.org/10.1007 /s00394-019-
01943-4

Gonzalez-Montelongo, R., Gloria Lobo, M. &
Gonzalez, M. (2010). Antioxidant activity in
banana peel extracts: Testing extraction
conditions and related bioactive
compounds. Food Chemistry, 119(3), 1030-
1039.
https://doi.org/10.1016/j.foodchem.2009.
08.012

Gore, M. A, & Akolekar, D. (2003a). Banana leaf
dressing for skin graft donor areas. Burns,
29(5), 483-486.
https://doi.org/10.1016/S0305-
4179(03)00049-4

Gore, M. A,, & Akolekar, D. (2003b). Evaluation of
banana leaf dressing for partial thickness
burn wounds. Burns, 29(5), 487-492.
https://doi.org/10.1016/S0305-
4179(03)00050-0

Grases, G., Colom, M. A, Sanchis, P., & Grases, F.
(2019).  Possible  relation  between
consumption of different food groups and
depression. BMC Psychology, 7(14), 1-6.

Guenova, E., Hoetzenecker, W., Kisuze, G., Teske, A.,
Heeg, P., Voykov, B. Hoetzenecker, K,
Schippert, W., & Moehrle, M. (2013). Banana
leaves as an alternative wound dressing.
Dermatologic  Surgery, 39(2), 290-297.
https://doi.org/10.1111/dsu.12067

Haleem, D. J. (2023). Nutritional importance of
tryptophan for improving treatment in
depression and diabetes. Nutrition Reviews,
81(1), 133-149.
https://doi.org/10.1093 /nutrit/nuac042

Hallikeri, C. S., Bhoomannavar, V. S., Patil, V. P,,
Shivkumar, S. [, Alagawadi, K. R, &

14

Exploring the Mood-Boosting Potential of Bananas

Hatapakki, B. C. (2010). Anti-inflammatory
activity of unripe fruits of Musa paradisiaca
Linn. Advances in Pharmacology and
Toxicology, 11(1), 55-58.

Hammond, B. R, & Renzi, L. M. (2013). Carotenoids.
Advances in Nutrition, 4(4), 474-476.
https://doi.org/10.3945/an.113.004028

Hood, S. D., Bell, C. ], & Nutt, D. J. (2005). Acute
tryptophan depletion . Part [ : rationale and
methodology. Australian and New Zealand
Journal of Psychiatry, 39, 558-564.

Islam, ]., Shirakawa, H., Nguyen, T. K., Aso, H., &
Komai, M. (2016). Simultaneous analysis of
serotonin, tryptophan and tryptamine levels
in common fresh fruits and vegetables in
Japan using fluorescence HPLC. Food
Bioscience, 13, 56-59.
https://doi.org/10.1016/j.fbio.2015.12.006

Jami’ah, S. R,, Ifaya, M., Pusmarani, J., & Nurhikma,
E. (2018). Uji aktivitas antioksidan ekstrak
metanol kulit pisang raja (Musa paradisiaca
sapientum) dengan Metode DPPH (2,2-
difenil-1-pikrilhidrazil). [Antioxidant
activity test of methanol extract of banana
peel (Musa paradisiaca sapientum) using the

DPPH (2,2-diphenyl-1-picrylhydrazyl)
method]. Jurnal Mandala Pharmacon
Indonesia, 4(1), 33-38.

https://doi.org/10.35311/jmpi.v4il.22

Jembrek, M. ]., Orsoli¢, N., Karlovi¢, D., & Peitl, V.
(2023). Flavonols in action: targeting
oxidative stress and neuroinflammation in
major depressive disorder. International
Journal of Molecular Sciences, 24, 6888.

Ji, T, Li, X,, Meng, G., Gu, Y., Zhang, Q., Liu, L., Wu, H,,

Yao, Z., Zhang, S., Wang, Y., Zhang, T., Wang,

X., Cao, X, Li, H,, Liu, Y., Wang, X., Wang, X,

Sun, S., Zhou, M, ... Niu, K. (2020). The

association between banana consumption

and the depressive symptoms in Chinese
general adult population: A cross-sectional
study. Journal of Affective Disorders,

264(December 2019), 1-6.

https://doi.org/10.1016/j.jad.2019.12.008

Formulary Committee. (2021). BNF 81

(British National Formulary) March 2021. In

Bnf (Issue 81).

Joint WHO/FAO/UNU Expert Consultation. (2007).
Protein and amino acid requirements in
human nutrition. In World Health Organ
Tech Rep Ser (Vol. 935, p. 143).

Jyothirmayi, N., & Rao, M. (2015). Banana medicinal
uses. Jour of Med Sc & Tech, 4(2)(November),
152-160.

Joint

Volume 36 Issue 1 (2025)



Ivonne Soeliono

Katuzna-Czaplinska, J., Gatarek, P., Chirumbolo, S.,
Chartrand, M., & Bjorklund, G. (2019). How
important is tryptophan in human health?
Critical Reviews in Food Science and
Nutrition, 59, 72-88.
https://doi.org/10.1080/10408398.2017.1
357534

Kemisetti, D., Das, R.,, & Bhattacharya, B. (2022). A
Comprehensive review on Musa paradisiaca
taxonomical, morphological classification
and its pharmacological activities. Journal of

Pharmaceutical Negative Results,
13(February 2023), 737-749.
https://doi.org/10.47750/pnr.2022.13.S10.
079

Kikuchi, A. M., Tanabe, A., & Iwahori, Y. (2021). A
systematic review of the effect of L-
tryptophan supplementation on mood and
emotional functioning. journal of Dietary

Supplements, 18(3), 316-333.
https://doi.org/10.1080/19390211.2020.1
746725

Knapp, B. M., Cupp, M. |, & Tracy, T. S. (2003). 1-
Tryptophan. In M. ]. Cupp & T.S. Tracy (Eds.),
Dietary Supplements: Toxicology and Clinical
Pharmacology (pp- 341-385). Humana
Press. https://doi.org/10.1007/978-1-
59259-303-3_23

Kobayashi, A., Hu, A., Yamaguchi, T., & Tabuchi, M.
(2022). Banana intake relieves the stress of
daily life in healthy adult volunteers: an
open, randomized, parallel-group
comparative study. Journal of Food and
Nutrition Research, 10(12), 841-849.
https://doi.org/10.12691/jfnr-10-12-2

Kumar, S. K. P, Bhowmik, D. Duraivel, S, &
Umadevi, M. (2012). Traditional and
medicinal uses of banana. Journal of
Pharmacognosy and Phytochemistry, 1(3),
51-63.

Lal, N., Sahu, N., Shiurkar, G., & Jayswal, D.K. (2017).
Banana: awesome fruit crop for society
(Review). The Pharma Innovation Journal,
6(7),223-228.

Li, P, Yi, L, & Liu, H.-J. (2010). Collection and
identification of raw herbal materials. In W.
H. W. Liu (Ed.), Traditional Herbal Medicine
Research Methods: Identification, Analysis,
Bioassay, and Pharmaceutical and Clinical
Studies (p. 27). John Wiley & Sons, Inc.
https://doi.org/10.1002/9780470921340

Lindseth, G. Helland, B., & Caspers, ]. (2015).
Archives of psychiatric nursing the effects of
dietary tryptophan on affective disorders.

Volume 36 Issue 1 (2025)

Archives of Psychiatric Nursing, 29(2), 102-
107.
https://doi.org/10.1016/j.apnu.2014.11.00
8

Lopes, S. Borges, C. V., Sousa Cardoso, S. M,
Almeida Pereira da Rocha, M. F, &
Maraschin, M. (2020). Banana (Musa spp.) as
a source of bioactive compounds for health
promotion. In Handbook of Banana
Production, Postharvest Science, Processing
Technology, and Nutrition (pp. 227-244).
Wiley.
https://doi.org/10.1002/9781119528265.c
h12

Lucini, V., Lucca, A.,, Catalano, M., & Smeraldi, E.
(1996). Predictive value of tryptophan/large
neutral amino acids ratio to antidepressant
respons. Journal of Affective Disorders,
36(1996), 129-133.
https://doi.org/10.1016/0165-
0327(95)00071-2

Manosso, L. M., Moretti, M., & Rodrigues, A. L. S.
(2013). Nutritional strategies for dealing
with depression. Food and Function, 4(12),
1776-1793.
https://doi.org/10.1039/C3F060246]

Manzoor, A, & Ahmad, S. (2021). Banana peel:
characteristics and consideration of its
extract for wuse in meat products
preservation: a review. ACS Food Science &

Technology, 1(9), 1492-1506.
https://doi.org/10.1021/ACSFOODSCITEC
H.1€00235

Marikkar, J. M. N,, Tan, S. ],, Salleh, A., Azrina, A., &
Shukri, M. A. M. (2016). Evaluation of banana
(Musa sp.) flowers of selected varieties for
their antioxidative and anti-hyperglycemic
potentials. International Food Research
Journal, 23(5), 1988-1995.

Martinez-Gonzalez, M. A, & Sanchez-Villegas, A.
(2016). Food patterns and the prevention of
depression. Proceedings of the Nutrition

Society, 75, 139-146.
https://doi.org/10.1017/5S0029665116000
045

Meliala, A., Andwi, Y., Sumiwi, A. R. I.,, Narwidina, P.,
Sulistyo, S. R.I. L., & Setyaningsih, W. (2020).
Banana peel flakes alleviate blood glucose
and stress in a dose-dependent manner.
International Journal of Pharmacy and
Pharmaceutical Sciences, 12(8), 75-81.

Meliala, A.,, Narwidina, P., Supriyanto, I., Sumarno,
Y. T, & Pratama, Y. Y. (2021). The role of
banana (Musa balbisiana Colla) peel floss as

15



functional food matrix to alleviate chronic
stress. Macedonian Journal of Medical
Sciences, 10(4), 1608-1616.
https://doi.org/10.3889/0amjms.2022.843
2

Mengstu, A, Bachheti, A, Abate, L., Bachheti, R. K,
& Husen, A. (2021). Health-promoting
benefits, value-added products, and other
uses of banana. In Non-Timber Forest
Products: Food, Healthcare and Industrial

Applications (pp- 339-364).
https://doi.org/10.1007/978-3-030-
73077-2_15

Mentari, A. B, Kholisoh, S. N., Hidayat, T. N., &
Hasbullah, U. H. A. (2019). Pembuatan kopi
dari kulit pisang kepok (Musa paradisiaca
Linn) dan aktivitas antioksidannya. [Making
coffee from kepok banana peel (Musa
paradisiaca Linn) and its antioxidant
activity] Jurnal Ilmu Pangan Dan Hasil
Pertanian, 3(1), 94,
https://doi.org/10.26877 /jiphp.v3i1.3872

Modoux, M., Rolhion, N., Manij, S., & Sokol, H. (2021).
Tryptophan metabolism as a
pharmacological  target. Trends in
Pharmacological Sciences, 42(1), 60-73.
https://doi.org/10.1016/j.tips.2020.11.006

Mondal, A., Banerjee, S. Bose, S., Das, P. P,
Sandberg, E. N., Atanasov, A. G., & Bishayee,
A.  (2021). Cancer preventive and
therapeutic potential of banana and its
bioactive constituents: a  systematic,
comprehensive, and mechanistic review. In
Frontiers in  Oncology = (Vol. 11).
https://doi.org/10.3389/fonc.2021.697143

Moragrega, I, & Rios, J. L. (2021). Medicinal plants
in the treatment of depression: evidence
from preclinical studies. Planta Medica,
87(09), 656-685.
https://doi.org/10.1055/a-1338-1011

National Institute for Health and Care Excellence
(NICE). (2011). Generalised anxiety disorder
and panic disorder in adults: management.
Nice Guideline, Last updated 15 June 2020, 1-
41.
https://www.nice.org.uk/guidance/cg113

Netshiheni, R. K, Omolola, A. O., Anyasi, T. A, &
Jideani, A. 1. 0. (2020). Banana bioactives:
absorption, utilisation and health benefits.
In Banana Nutrition - Function and
Processing Kinetics.
https://doi.org/10.5772 /intechopen.83369

Nifinluri, C. M. B., Datu, O. S., Potalangi, N. O., &
Pareta, D. N. (2019). Uji aktivitas anti-

16

Exploring the Mood-Boosting Potential of Bananas

inflamasi ekstrak etanol kulit buah pisang
kepok Musa balbisiana terhadap kaki tikus
putih Rattus novergicus. [Anti-inflammatory
activity test of ethanol extract of kepok
banana peel Musa balbisiana on the feet of
white rats Rattus novergicus.] Jurnal
Biofarmasetikal Tropis, 2(2), 15-22.
E. R. (2013). Uji aktivitas senyawa
antioksidan dari ekstrak metanol kulit
pisang raja (Musa paradisiaca Sapientum).
[Testing the activity of antioxidant
compounds from methanol extract of
banana peel (Musa paradisiaca Sapientum)].
Jurnal Kimia VALENSI, 3(2), 75-80.
https://doi.org/10.15408/jkv.v3i2.502
Paredes, S. D. Rancan, L. Garcia, C., Vara, E., &
Tresguerres, ]J. A. F. (2016). Occurrence of
serotonin, melatonin, and their derivatives
in plants. In G. A. Ravishankar & A.
Ramakrishna (Eds.),  Serotonin and
Melatonin Their Functional Role in Plants,
Food, Phytomedicine, and Human Health (pp.
15-30). CRC Press.

Parker, G., & Brotchie, H. (2011). Mood effects of the
amino acids tryptophan and tyrosine: “food

Pane,

for thought” IIl. Acta Psychiatrica
Scandinavica, 124(6), 417-426.
https://doi.org/10.1111/j.1600-
0447.2011.01706.x

Parle, M, & Malik, S. (2010). Anti-depressant
potential of banana fruit. International
Journal of Medical Sciences, 2(2), 148-151.

Paul, E. R., Schwieler, L., Erhardt, S., Boda, S., Trepci,
A, Kampe, R, Asratian, A, Holm, L., Yngve, A,,
Dantzer, R, Heilig, M., Hamilton, ]J. P, &
Samuelsson, M. (2022). Peripheral and
central kynurenine pathway abnormalities
in major depression. Brain, Behavior, and
Immunity, 101(December 2021), 136-145.
https://doi.org/10.1016/j.bbi.2022.01.002

Peng, S., Zhou, Y., Lu, M., & Wang, Q. (2022). Review
of herbal medicines for the treatment of

depression. Natural Product
Communications, 17(11), 1-17.
https://doi.org/10.1177/1934578X221139
082

Pereira, A., & Maraschin, M. (2015). Banana (Musa
spp) from peel to pulp : ethnopharmacology,
source of bioactive compounds and its
relevance for human health. journal of
Ethnopharmacology, 160, 149-163.
https://doi.org/10.1016/j.jep.2014.11.008

Perrier, X., De Langhe, E., Donohue, M., Lentfer, C.,
Vrydaghs, L., Bakry, F., Carreel, F., Hippolyte,

Volume 36 Issue 1 (2025)



Ivonne Soeliono

I, Horry, J. P, Jenny, C., Lebot, V., Risterucci,
A. M., Tomekpe, K., Doutrelepont, H., Ball, T,,
Manwaring, ], De Maret, P., & Denham, T.
(2011). Multidisciplinary perspectives on
(Musa spp.) domestication. Proceedings of
the National Academy of Sciences of the
United States of America, 108(28), 11311-
11318.
https://doi.org/10.1073/PNAS.110200110
8/-/DCSUPPLEMENTAL/SFIG05.PDF
Phuaklee, P., Ruangnoo, S., & Itharat, A. (2012).
Anti-inflammatory and antioxidant activities
of extracts from Musa sapientum peel.
Journal of the Medical Association of Thailand
= Chotmaihet Thangphaet, 95 Suppl 1.
Prasad, S. S., & Das, U. (2024). Banana waste as a
nutraceuticals product. In Nutraceuticals
from Fruit and Vegetable Waste (pp. 175-

194). Wiley.
https://doi.org/10.1002/9781119803980.c
h6

Pratiwi, I. Y., & Krisbianto, 0. (2019). Kandungan
gizi, beta karoten dan antioksidan pada
tepung pisang tongka langit (Musa
troglodytarum L.). [Nutritional content, beta
carotene and antioxidants in tongka langit
banana flour (Musa troglodytarum L.).]
Agritech, 39(1), 48.
https://doi.org/10.22146/agritech.32335

Qamar, S., & Shaikh, A. (2018). Therapeutic
potentials and compositional changes of
valuable compounds from banana-a review.
Trends in Food Science and Technology,
79(June 2017), 1-9.
https://doi.org/10.1016/j.tifs.2018.06.016

Rajesh, N. (2017). Medicinal benefits of Musa
paradisiaca (Banana). International Journal
of Biology Research, 2(2), 51-54.

Ramakrishna, A., Giridhar, P., & Ravishankar, G. A.
(2011). Phytoserotonin: a review. In Plant
Signaling and Behavior (Vol. 6, Issue 6, pp.
800-809).
https://doi.org/10.4161/psb.6.6.15242

Rebello, L. P. G, Ramos, A. M., Pertuzatti, P. B,,
Barcia, M. T. Castillo-Muiioz, N., &
Hermosin-Gutiérrez, 1. (2014). Flour of
banana (Musa AAA) peel as a source of
antioxidant phenolic compounds. Food
Research  International, 55, 397-403.
https://doi.org/10.1016/j.foodres.2013.11.
039

Reddy, A. ], Dubey, A. K,, Handuy, S., & Manocha, S.
(2017). Effects of Musa sapientum stem
extract on experimental models of anxiety.

Volume 36 Issue 1 (2025)

Avicenna Journal of Phytomedicine, 7(6),
495-501.

Reuter, S, Gupta, S. C, Chaturvedi, M. M, &
Aggarwal, B. B. (2010). Oxidative stress,
inflammation, and cancer: how are they
linked? Free Radical Biology and Medicine,

49(11), 1603-1616.
https://doi.org/10.1016/j.freeradbiomed.2
010.09.006

Richard, D. M., Dawes, M. A. Mathias, C. W,
Acheson, A, Hill-kapturczak, N, &
Dougherty, D. M. (2009). L-Tryptophan:
basic metabolic functions, behavioral
research and therapeutic indications.
International ~ Journal of  Tryptophan
Research, 2, 45-60.

Roth, W. Zadeh, K, Vekariya, R., Ge, Y., &
Mohamadzadeh, M. (2021). Tryptophan
metabolism and gut-brain homeostasis.
International Journal of Molecular Sciences,
22(6), 2973.
https://doi.org/10.3390/ijms22062973

Ruddick, ]. P, Evans, A. K, Nutt, D. ], Lightman, S. L.,
Rook, G. A. W, & Lowry, C. A. (2006).
Tryptophan metabolism in the central
nervous system: medical implications.
Expert Reviews in Molecular Medicine, 8(20),
1-27.
https://doi.org/10.1017/5S1462399406000
068

Salako, O. A. Akindele, A. ], Balogun, A. O, &
Adeyemi, 0. 0. (2019). Investigation of
antidepressant, anxiolytic and sedative
activities of the aqueous leaf extract of Musa
sapientum Linn (Banana; Musaceae). Drug
Research, 69(3), 136-143.
https://doi.org/10.1055/a-0651-7978

Samad, N., Khaliq, S., Rehman, M. H. U., Ahmad, S,
Alam, M., Mustafa, S., & Azizuddin. (2021).
Exposure to noise augments behavioral
deficits in mice: protective effect of banana
peel  extract.  Pakistan  Journal of
Pharmaceutical Sciences, 34(6), 2333-2340.
https://doi.org/10.36721/PJPS.2021.34.6.S
UP.2333-2340.1

Samad, N., Khaliq, S., Rehman, M. H. U., Ahmad, S.,
Alam, M., Mustafa, S., Azizuddin, Sari, D. N.R,,
Rahmi, A., Hardi, N., Hevira, L., Peters, S. L.,
Biesiekierski, ]. R., Yelland, G. W., Muir, ]. G.,
Gibson, P. R, Bravo, R. Ugartemendia, L.,
Cubero, J., ... Bruins, M. E. (2018). Nutritional
tables to improve mood disorders. Nutrition
Research, 4(2), 1552-1558.
https://doi.org/10.1016/j.nutres.2012.01.0

17



02

Samad, N., Muneer, A., Ullah, N, Zaman, A., Ayaz, M.
M., & Ahmad, I. (2017). Banana fruit pulp and
peel involved in antianxiety and
antidepressant effects while invigorate
memory performance in male mice: Possible
role of potential antioxidants. Pakistan
Journal of Pharmaceutical Sciences, 30(3),
989-995.

Samad, N. Yasmin, F., Khaliq, S, Ahmad, S,
Azizuddin, & Mustafa, S. (2020). Diet
supplements of banana fruit pulp mitigates
repeated noise stress induced behavioral
deficits and oxidative stress. Pakistan
Journal of Pharmaceutical Sciences, 33(5),
2293-2300.
https://doi.org/10.36721/PJPS.2020.33.5.S
UP.2293-2300.1

Schmidt, M. M,, Prestes, R. C., Kubota, E. H., Scapin,
G., & Mazutti, M. A. (2015). Evaluation of
antioxidant activity of extracts of banana
inflorescences (Musa cavendishii). CYTA -

Journal of Food, 13(4), 498-505.
https://doi.org/10.1080/19476337.2015.1
007532

Setyarini, D., & Wasita, B. (2020). The effect of
giving ambon banana (Musa paradisiaca Sp.)
to decrease anxiety levels in adult
schizophrenia. Indian Journal of Public
Health Research & Development, 11(7),
1166-1171.

Shaw, K. A, Turner, ], & Del Mar, C. (2002).
Tryptophan and 5-hydroxytryptophan for
depression. Cochrane Database of Systematic

Reviews, 2010(1).
https://doi.org/10.1002/14651858.CD003
198

Sheng, Z., Dai, H,, Pan, S,, Ai, B,, Zheng, L., Zheng, X,,
Prinyawiwatkul, W, & Xu, Z. (2017).
Phytosterols in banana (Musa spp.) flower
inhibit  a-glucosidase and «-amylase
hydrolysations and glycation reaction.
International Journal of Food Science and
Technology, 52(1), 171-179.
https://doi.org/10.1111/ijfs.13263

Sidhu, J. S, & Zafar, T. A. (2018). Bioactive
compounds in banana fruits and their health
benefits. Food Quality and Safety, 2(4), 183-
188.
https://doi.org/10.1093/fgsafe/fyy019

Singh, B,, Singh, J. P, Kaur, A, & Singh, N. (2016).
Bioactive compounds in banana and their
associated health benefits - a review. Food
Chemistry, 206, 1-11.

18

Exploring the Mood-Boosting Potential of Bananas

https://doi.org/10.1016/j.foodchem.2016.
03.033

Smith, K. A, Fairburn, C. G. ., & Cowen, P. ]. (1997).
Relapse of depression after rapid depletion
of tryptophan. The Lancet, 349(9056), 915-
919. https://doi.org/10.1016/S0140-
6736(96)07044-4

Smith, Q. R. (1988). Regulation of amino acid
transport at the blood-brain barrier. In G.
Huether (Ed.), Amino Acid Availability and
Brain Function in Health and Disease (p. 58).
Springer-Verlag.

Soeliono, 1., Puspitasari, I, Gani, A. P, &
Hadisoewignyo, L. (2023). Antioxidant
activity and tryptophan content of banana
peel. EnvironmentAsia, 16(2), 99-108.
https://doi.org/10.14456/ea.2023.24

Soltani, M., Alimardani, R, & Omid, M. (2011).
Evaluating banana ripening status from
measuring dielectric properties. Journal of
Food Engineering, 105(4), 625-631.
https://doi.org/10.1016/j.jfoodeng.2011.0
3.032

Strasser, B., Sperner-Unterweger, B., Fuchs, D., &
Gostner, ]J. M. (2016). Mechanisms of
Inflammation-associated depression:
immune influences on tryptophan and
phenylalanine  metabolisms. In Brain
Imaging in Behavioral Neuroscience (Issue
November 2011, pPp- 95-115).
https://doi.org/10.1007/7854_2016_23

Sukmawati, Yuliet, & Hardani, R. (2015). Uji
Aktivitas antiinflamasi ekstrak etanol daun
pisang ambon (Musa paradisiaca L.)
terhadap tikus putih (Rattus norvegicus L.)
yang diinduksi karagenan. [Anti-
inflammatory activity of ethanol extract of
Ambon banana leaves (Musa paradisiaca L.)
on white rats (Rattus norvegicus L.) induced
by carrageenan]. Galenika Journal of
Pharmacy, 1(2), 126-132.

Sundaram, S., Anjum, S., Dwivedi, P., & Rai, G. K.
(2011). Antioxidant activity and protective
effect of banana peel against oxidative
hemolysis of human erythrocyte at different
stages of ripening. Applied Biochemistry and

Biotechnology, 164(7), 1192-1206.
https://doi.org/10.1007/s12010-011-
9205-3

Tayab, M. A,, Islam, M. N,, Ashfak, K., & Chowdhury,
A. (2022). Biomedicine & pharmacotherapy
targeting neuroinflammation by
polyphenols: a promising therapeutic
approach against inflammation-associated

Volume 36 Issue 1 (2025)



Ivonne Soeliono

depression. Biomedicine &
Pharmacotherapy, 147, 112668.
https://doi.org/10.1016/j.biopha.2022.112
668

Toh, P. Y, Leong, F. S, Chang, S. K, Khoo, H. E, &
Yim, H. S. (2016). Optimization of extraction
parameters on the antioxidant properties of
banana waste. Acta Scientiarum Polonorum,
Technologia Alimentaria, 15(1), 65-78.
https://doi.org/10.17306/].AFS.2016.1.7

Torrente, M. P.,, Gelenberg, A. ], & Vrana, K. E.
(2012). Boosting serotonin in the brain: is it
time to revamp the treatment of depression?
Journal of Psychopharmacology, 26(5), 629 -
635.
https://doi.org/10.1177/02698811114307
44

Vadodaria, K. C, Stern, S., Marchetto, M. C,, & Gage,
F. H. (2018). Serotonin in psychiatry: in vitro
disease modeling using patient-derived
neurons. Cell and Tissue Research, 371(1),
161-170. https://doi.org/10.1007 /s00441-
017-2670-4

Vilela, C., Santos, S. A. 0., Villaverde, ]. ., Oliveira, L.,
Nunes, A., Cordeiro, N., Freire, C. S. R, &
Silvestre, A. ]. D. (2014). Lipophilic
phytochemicals from banana fruits of
several Musa species. Food Chemistry, 162,
247-252.
https://doi.org/10.1016/j.foodchem.2014.
04.050

Vu, H. T, Scarlett, C. ]J., & Vuong, Q. V. (2018).
Phenolic compounds within banana peel and
their potential uses: A review. Journal of
Functional Foods, 40(November 2017), 238-
248.
https://doi.org/10.1016/j.jff.2017.11.006

Vu, H. T, Scarlett, C. ], & Vuong, Q. V. (2019).
Changes of phytochemicals and antioxidant
capacity of banana peel during the ripening
process; with and without ethylene
treatment. Scientia Horticulturae,
253(April), 255-262.
https://doi.org/10.1016/j.scienta.2019.04.
043

Waalkes, T. P., Sjoerdsma, A., Creveling, C. R,
Weissbach, H. & Udenfriend, S. (1958).

Volume 36 Issue 1 (2025)

Serotonin, norepinephrine, and related
compounds in bananas. Science, 127(3299),
648-650.
https://doi.org/10.1126/science.127.3299.
648

Walgen, K., Kleppe, R, Martinez, A, & Haavik, J.
(2017).  Tyrosine and  tryptophan
hydroxylases as therapeutic targets in
human disease. Expert Opinion on
Therapeutic  Targets, 21(2), 167-180.
https://doi.org/10.1080/14728222.2017.1
272581

Widoyanti, A. A. E., Chaikong, K. Rangsinth, P,
Saengratwatchara, P., Leung, G. P. H, &
Prasansuklab, A. (2023). Valorization of nam
wah banana (Musa paradisiaca L.)
byproducts as a source of bioactive
compounds with antioxidant and anti-
inflammatory properties: in vitro and in
silico studies. Foods, 12(21).
https://doi.org/10.3390/foods12213955

Winiarska-mieczan, A., Kwiecie, M., & Donaldson, J.
(2023). Anti-inflammatory, antioxidant, and
neuroprotective effects of polyphenols —
polyphenols as an element of diet therapy in
depressive disorders. International Journal
of Molecular Sciences, 24, 2258.

Xiao, R, Beck, 0., & Hjemdahl, P. (1998). On the
accurate measurement of serotonin in whole
blood. Scandinavian Journal of Clinical and
Laboratory Investigation, 58(6), 505-510.
https://doi.org/10.1080/00365519850186
319

Yakubu, M. T., Oyeyipo, T. O., Quadri, A. L., & Akanji,
M. A. (2013). Effects of aqueous extract of
Musa paradisiaca root on testicular function
parameters of male rats. Journal of Basic and
Clinical Physiology and Pharmacology, 24(2),
151-157. https://doi.org/10.1515/jbcpp-
2012-0059

Zou, F., Tan, C, Zhang, B, Wu, W, & Shang, N.
(2022). The valorization of banana by-

products: nutritional composition,
bioactivities, applications, and future
development. Foods, 11(20).

https://doi.org/10.3390/foods11203170

19



