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Abstract
BACKGROUND: Banana peel (Musa balbisiana Colla) already has a diverse variety of nutritional benefits, but its 
perishable nature causes additional food processing, one of which is banana peel floss.

AIM: The objective of this study was to examine the antidepressant effects of banana peel floss in experimental 
animals subjected to chronic mild stress (CMS) for 6 weeks.

METHODS: Animals were randomly assigned into five groups. The first group was fed a control diet without CMS 
as a negative control. The other four groups were exposed to CMS and fed a control diet as a positive control, 
with three of the five groups fed a control diet supplemented with 15%, 30%, and 60% banana peel floss. The tail 
suspension test (TST) and the Morris water maze (MWM) were used as behavioral parameters in this study. Cortisol 
and serotonin levels were measured in two stages: After CMS exposure or before banana peel floss intervention, and 
after 4 weeks of banana peel floss intervention.

RESULTS: The results showed that the immobility time in TST and escape latency in the MWM test were significantly 
reduced in the groups supplemented with 15% and 30% banana peel floss, respectively. We observed a significant 
association between serotonin and cortisol levels and also between the duration of immobility time in TST and 
serotonin levels.

CONCLUSIONS: The administration of banana peel floss caused significant changes in plasma serotonin 
concentrations, implying that dietary fiber, tryptophan, and bioactive components in banana peel floss can reduce 
stress-induced depression by regulating cortisol levels and increasing serotonin levels.
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Introduction

Stress is a common occurrence in everyday 
life. According to the World Health Organization 
(WHO), in a world of nearly 350 million people, the 
prevalence of stressful events is high. On a global 
scale, stress is the third leading cause of disease. 
There has been an increasing trend since 2004 and 
it is expected to continue until 2030 [1]. Exposure to 
psychological stressors can cause either eustress 
or distress. Individuals who are in a state of eustress 
are more likely to achieve their life goals, whereas 
those who are in a state of distress are more likely to 
suffer physical and mental harm. Distress might cause 
sequential hormonal and neurotransmission functional 
changes, including an increase in noradrenergic 
activity and cortisol levels. Chronic stress can alter 
brain structure by inducing pyramidal cells atrophy and 
reducing hippocampal volume. It can also increase the 

hypothalamic-pituitary-adrenal axis (HPA axis) activity, 
which has a negative correlation with serotonergic 
neurotransmission in the brain. Research has shown that 
high cortisol levels are linked to the binding of serotonin 
1A receptors in all parts of the brain [2]. Low levels of 
serotonergic activity were associated with depression or 
depressive-like behavior in people with chronic stress.

Chronic distress might lead to depression 
through disruption in serotonin pathways. The most 
common is serotonergic dysfunction, through several 
mechanisms involving the presence of hypercortisolemia 
conditions that induce tryptophan 2.3 dioxygenases, 
which will metabolize L-tryptophan thereby reducing 
the availability of L-tryptophan for serotonin synthesis 
and causing an increase in pro-inflammatory cytokines. 
Other studies [3], [4], [5] have shown that chronic stress 
can result in increased cortisol, resulting in a decrease 
in serotonin release, which is linked to activation of 
the glucocorticoid (GR) tryptophan dioxygenase in the 
liver. Chronic stress causes the body to produce large 
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amounts of glucocorticosteroids and results in high 
cortisol levels [6].

The role of nutrients in various mental health 
disorders, including depression, has been the subject 
of recent research. Some nutrients have significant 
relevance to depression, such as carbohydrates, 
protein (amino acid), and bioactive compounds [7], [8]. 
Carbohydrates have been shown to have an impact 
on mood and behavior [9], [10]. When people eat a 
carbohydrate-rich meal, the body releases insulin, which 
makes it easier for blood sugar to enter cells and be used 
as energy, as well as helping tryptophan to enter the 
brain when compared to a high Glycemic Index (GI) food, 
which provides immediate but temporary relief, fruits, 
and vegetables have a moderate and long-lasting effect 
on mood [11]. A fruit that is rich in complex carbohydrates 
and has been known to have anti-anxiety potential is 
bananas. Not only has the pulp proven beneficial, the 
peel has the potential to be further processed (the portion 
of the banana peel is about 40% of the total weight of 
the banana) because it contains phyto serotonin as 
an antidepressant of about 170,000 ng/g and the pulp 
contains about 35,000  ng/g [12] and is also high in 
tryptophan, an amino acid that aids in the production of 
serotonin in the brain. Tryptophan is a serotonin precursor 
that plays a role in regulating sleep and eating patterns, 
regulates locomotor and affects emotional states, and 
affects the occurrence of depression [13]. As the link 
between tryptophan and serotonin suggests, changes in 
the gut microbiota may play a role in the pathophysiology 
of human central nervous system disorders [14].

Banana peels are rapidly degenerate soon 
after harvest therefore requires further processing into 
more durable food products with low water content, such 
as banana peel floss. However, there are few studies 
concerning the link between diet quality and mental 
health variables such as depression levels, which are 
linked to cortisol and serotonin levels. Based on this 
background information, this study aimed to formulate 
the yellow Kepok banana peel floss appropriately and 
examine its antidepressant property, so it can become 
a reference for healthy diet choices that can provide 
a protective effect on the brain and mental health by 
increasing the availability of tryptophan in the body for 
use in serotonin synthesis.

Methods

Preparation of banana peel floss

Kepok bananas (Musa balbisiana Colla) were 
purchased from a traditional market in Sleman Regency, 
Yogyakarta, Indonesia. After sorting, the banana peels 
were washed with running water, soaked in a 0.5% citric 
acid solution for 10 min, then boiled with spices for 10 min 

before being pounded and then stir-fry with added spices 
(50 ml coconut milk, 5 g salt, 6 g garlic, 5 g onion, 5 g 
lemongrass, and 20  g brown sugar for 100  g banana 
peel) until dry for 20 min, then bake for 100 min at 180°C.

Determination of proximate composition, 
antioxidant, tannin, and dietary fiber

The banana peel floss’s proximate compositions 
were determined using the official method proposed by 
the Association of Official Agricultural Chemists (AOAC, 
1995). Moisture content was analyzed with the oven-
drying method (AOAC Official Method 977.11); for 
analyzing crude proteins, the Kjeldahl method (AOAC 
Official Method 955.04) was used. The crude fat content 
was determined using the Soxhlet method (AOAC Official 
Method 960.39), while the ash content was determined 
using the dry ashing method (AOAC Official Method 
923.03). The crude fiber content was determined using 
the gravimetric method (AOAC Official Method 991.43). 
Dietary fiber analysis was carried out using the AOAC 
method 2011.25 [15]. Tannin content was determined 
according to the AOAC method [16]. Finally, banana peel 
floss was evaluated on antioxidant activity with DPPH 
radical scavenging activity [9]. The total carbohydrate 
content of the banana peel floss was calculated as follows:

(total carbohydrate [% wet basis] = 100% - % 
[moisture + ash + crude protein + crude fat]).

High-performance liquid chromatography 
for tryptophan analysis

The AOAC method was used to measure 
tryptophan [17] with 4.2M NaOH at 110℃ under an 
atmosphere of N2 for 20 h.

Animals and diets

The present experiment was approved by the 
Ethical Committee of the Faculty of Medicine, Universitas 
Islam Indonesia (approval number 19/Ka.Kom.Et/70/KE/
II/2021). Adult male Wistar rats (mean weight 26826.22, 
provided by the Laboratory of Physiology, Universitas 
Islam Indonesia) were used, and they were acclimated for 
7 days to get used to single housing, handling, and normal 
environmental conditions with a 12-h light-dark cycle 
before the experiments, 27.00 ± 0.57°C temperature, 
and 73% ± 0.03% humidity. The experiments were 
performed on male rats at the age of 3 months (90 days). 
The duration of the experiment was 73 days (42 days 
of stress exposure; day 1–42), 28 days of banana peel 
floss administration (day 43–71), 1 day of tail suspension 
test (TST) and Morris water maze (MWM) (day 72), and 
1 day (day 73) of decapitation procedures, blood, and 
organ collection. Except during the deprivation feed and 
drink periods of the chronic mild stress (CMS) protocol, 
control diets and water were provided ad libitum.
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This study aimed to see how effective banana 
peel floss was in treating behaviors parameters of 
depression in the CMS model. Explanation regarding 
the study protocol is shown in Figure  1. As a result, 
after the adaptation period, the animals were randomly 
assigned to control and intervention groups. The 
control groups were the negative control group (NC; 
without CMS protocol and food supplementation) and 
the positive control group (PC; received CMS protocol 
without food supplementation). There were three 
intervention groups, each received CMS protocol and 
different concentrations of food supplementation (CB 
15%; CB 30%, and CB 60%; supplemented with 15%, 
30%, and 60% banana peel floss).
Table 1: Experimental diet composition (%)
Components Groups

NC and PC CB 15 CB 30 CB 60
Moistures 6.80 ± 0.005a 10.79 ± 0.60b 10.09 ± 0.35b 12.13 ± 0.35c

Protein 4.7 ± 0.05a 13.03 ± 0.44b 11.56 ± 0.52c 12.97 ± 0.38b

Fat 18.14 ± 0.035a 6.97 ± 1.71b 8.94 ± 1.41b 14.38 ± 1.42a

Crude Fiber 5.16 ± 0.12a 5.45 ± 0.44a 5.40 ± 0.39a 6.95 ± 0.42b

Ash 10.92 ± 0.035a 7.16 ± 0.42b 7.82 ± 0.34b 11.10 ± 0.47a

Carbohydrate 54.30 ± 0.09a 56.59 ± 0.01b 56.19 ± 0.04c 42.48 ± 0.06d

Tannin 12.91 ± 0.08a 1.94 ± 0.02b 3.87 ± 0.03c 7.74 ± 0.05d

Phenolic 20.10 ± 0.22a 3.01 ± 0.03b 6.03 ± 0.06c 12.06 ± 0.13d

Dietary fiber 27.66 ± 0.17a 13.50 ± 0.83b 15.99 ± 0.65c 24.29 ± 0.60d

Tryptophan (ppm) 306.93 ± 0.93a 46.04 ± 0.14b 92.08 ± 0.28c 184.16 ± 0.56d

The data were presented as mean±SEM. Means with a different superscript in the same rows significantly 
differ (p ≤ 0.05) according to Duncan Multiple Range Test. NC: Control diet, without being exposed 
to CMS; PC: Control diet, CMS; CB 15: Control diet supplemented with 15% banana peel floss, 
CMS; CB 30: Control diet supplemented with 30% banana peel floss, CMS; and CB 60: Control diet 
supplemented with 60% banana peel floss, CMS).

Table  1 reports proximate composition and 
content of bioactive compounds of banana peel floss 
and control diet supplemented with banana peel 
floss examined in this study. Banana peel floss has 
significantly higher carbohydrate, tannins, phenolic, 
dietary fiber, and tryptophan as compared to the control 
diet supplemented with banana peel floss with varied 
concentrations. However, the control diet supplemented 

with banana peel floss 60% demonstrated significantly 
higher tannin, phenolic, dietary fiber, and tryptophan as 
compared to the control diet supplemented with banana 
peel floss 15% and 30%.

CMS protocol

Except for the normal control (NC) group, all 
rats were exposed to chronic stress daily between 
09:00 and 14:00 for 6 weeks. These stressors based on 
a previous study with slight modification [18] comprises 
damp bedding with 250 mL water in each cage (24 h), 
cold water spray (5 mL of 4°C, the animals’ heads were 
suddenly drenched in water), tilted cage (45°, for 24 h), 
the hairdryer’s hot-air steam (10  min), and sawdust 
removal (for 24 h). These stressors were applied daily, 
as shown in Figure 1.

Measurement of body weight and feed 
intake

To determine what has changed in body weight 
and feed intake, in this study we measured body weight 
and feed intake before the CMS period (basal), at the 
days 7, 14, 21, 28, 35, and 42 during CMS and at the 
days 7, 14, 21, and 28 during banana peel intervention. 
The basal measurement was converted to 100 %, 
and changes were expressed as a percentage on the 
selected days. The amount of feed consumed was 
calculated using the formula [19]: weight of control diets 
given to rats per day - the weight of the leftover control 
diets the next day.

Figure 1: Experimental design and CMS procedure for 6 weeks. Control (NC) and CMS group received control diet supplemented with banana 
peel floss 15%, 30%, and 60% for 4 weeks

https://oamjms.eu/index.php/mjms/index
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Behavioral tests

The MWM and TST were used to evaluate 
depressive-like behaviors for 1 day after CMS, with a 
60-min interval between tests.

MWM

The MWM test was conducted according to 
the protocols described elsewhere [20], [21], [22]. The 
test apparatus was a large, white-painted circular pool 
with a diameter of 150 cm and a height of 40 cm. The 
pool was filled to a depth of 18  cm with water. 2  cm 
below the water’s surface, a white circular platform 
was placed. Fresh milk was added to the water to 
make it opaque, which helped to hide the platform. The 
water was around 250°C. A video camera was placed 
above the pool’s center and transmitted the image of 
the animals’ movements to a laptop computer nearby. 
The pool was divided into four equal-sized imaginary 
quadrants. Around the pool’s circumference wall, four 
equal-distance starting points were marked. The test 
began last day of banana peel floss intervention, the 
platform in the circular pool was positioned at the edge 
of the quadrant. It was expected that the rats might 
accidentally find the hidden platform and climb onto it. At 
each trial, the rat was given a maximum of 2 min to swim 
to the hidden platform. The rat’s escape latency to find 
the platform was recorded, and if he was unable to do 
so within 2 min, he was given a latency score of 2 min.

TST

The TST is generally utilized in antidepressant 
preclinical testing [23], [24], [25]. Individual animals 
were suspended 50  cm above the ground using an 
adhesive tape-attached small metal hook attached to 
the tip of the tail. The total duration of immobility during 
the last 4  min of a 6-min testing period was used to 
determine the immobility time duration.

Plasma preparation

As much as 2 ml of blood samples were taken 
from a syringe retro-orbital with a sterile hematocrit capillary 
tube to help avoid periorbital infection [26]. A blood sample 
was taken in two stages: the pre-stage (after 6 weeks of 
CMS exposure) and the post-stage (after consuming 
banana peel floss for 4 weeks). The supernatant plasma 
was separated by centrifugation at 3000 rpm for 15 min at 
4°C. The obtained plasma was used for an Enzyme-linked 
immunosorbent assay (ELISA).

ELISA

Cortisol Elisa Kit 96 wells (Calbiotech, 
California, USA) and General 5-Hydroxytryptamine 
ELISA Kit 96 wells (ABclonal, Wuhan, Tiongkok) were 

used for cortisol and serotonin analysis to quantify 
the concentration of rats after exposure to CMS (after 
CMS exposure for 6 weeks or before banana peel floss 
intervention) and after banana peel floss intervention. 
After performing the experimental procedure according 
to the instruction of each kit, absorbance was measured 
at the wavelength recommended by each kit using a Bio-
Rad IMark Elisa reader with a wavelength at 450 nm.

Statistical analysis

One-way analysis of variance (ANOVA) was 
performed using SPSS version 20.0 (IBM Corp., Armonk, 
NY, USA). Variance analysis of the experimental design 
for body weights as well as the change (delta) was tested 
using an independent sample t-test and p < 0.05 was 
considered statistically significant. Duncan’s Multiple 
Range Test was used to measure the data of cortisol 
and serotonin levels; escape latency in MWM; immobility 
time duration in the TST.

Results

In the present study, 10  weeks of the results 
of the experiments were split into two stages: 6 weeks 
of chronic stress induction and 4  weeks of banana 
peel floss supplementation. The animals administered 
a control diet supplemented with banana peel floss 
30% exhibited a significant increase in body weight in 
week 1 when compared to the NC group (without CMS 
and banana peel floss administered) and showed a 
significant decrease in body weight in weeks 2 and 
3 when compared to PC groups, and a significant 
increase in body weight was observed in Group CB 30 
when compared to group NC. However, there were no 
significant differences in the body weight changes of rats 
in the NC and PC groups when compared to Groups CB 
15 and CB 60 as shown in Figure 2. This is closely related 
to the amount of feed intake, the results of average daily 
feed intake in Table 2 indicate that there was a significant 
lower in feed intake in the treatment group with control 
diet supplemented with 15%, 30, and 60% of banana 
peel floss when compared to Groups NC and PC. The 
groups that consumed banana peel floss with tryptophan 
intake content of 11.51; 23.02; and 46.04 mg/kg had a 

Table 2: Average daily feed consumption of rats during banana 
peel floss intervention
Groups Average feed intake, g
NC 20.00 ± 0.00
PC 20.00 ± 0.00
CB 15 17.57 ± 2.04*#

CB 30 17.63 ± 1.02*#

CB 60 18.18 ± 1.50*#

An independent sample t‑test was used to perform statistical analysis of the data, *p < 0.05 was compared 
to the NC group. #p<0.05 was compared to PC. NC (control diet, without exposed to CMS); PC (control 
diet, CMS); CB 15 (control diet supplemented with 15% banana peel floss, CMS); CB 30 (control diet 
supplemented with 30% banana peel floss, CMS); and CB 60 (control diet supplemented with 60% banana 
peel floss, CMS).
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Figure 2: The effect of banana peel floss on body weight in all rat groups 
as a percentage of baseline body weight (n = 6–8). An independent 
sample t-test was used to perform statistical analysis of the data, 
*p < 0.05 compared to the NC group. #p < 0.05 and ##p < 0.01 were 
compared to PC group (each experiment, n = 8 except in group PC, 
n = 6 due to rats died during stress exposure). Data represented 
Mean ± SEM. NC (control diet, without being being exposed to CMS); 
PC (control diet, CMS); CB 15 (control diet supplemented with 15% 
banana peel floss, CMS); CB 30 (control diet supplemented with 30% 
banana peel floss, CMS); and CB 60 (control diet)

significantly lower feed intake compared to the group 
without banana peel floss consumption (Table 2).

We measured changes in cortisol and serotonin 
concentrations in the plasma of rats to see if treatment 
with banana peel floss affects the concentrations 
of stress-related hormones and depression-related 
neurotransmitters, respectively. The data from the pre-
test revealed that CMS has effects on plasma cortisol 
and serotonin level (Table 3). Compared to the group 
of rats who had not been exposed to CMS for 6 weeks 
(NC group), the rats who had been exposed to CMS 
had significantly higher levels of cortisol and serotonin
Table  3: Effect of banana peel floss on plasma cortisol and 
serotonin levels
A. Cortisol levels (ng/mL)
Groups Pre Post Fold change# (Cortisolpost/pre)
NC 8.81 ± 1.03a 12.03 ± 1.15a 1.37 ± 0.10a

PC 9.42 ± 0.95a 16.85 ± 2.59ab 1.80 ± 0.26c

CB 15 10.65 ± 1.16b 13.02 ± 1.76ab 1.23 ± 0.20a

CB 30 9.24 ± 0.74a 14.78 ± 1.06c 1.60 ± 0.13b

CB 60 10.76 ± 1.15b 14.60 ± 0.75bc 1.37 ± 0.25a

B. Serotonin levels (ng/mL)
Groups Pre Post Fold change# (Serotoninpost/pre)
NC 40.70 ± 7.81ab 18.40 ± 0.91a 0.61 ± 0.13a

PC 53.52 ± 5.78b 21.29 ± 6.45a 0.41 ± 0.11ab

CB 15 22.99 ± 2.83a 23.24 ± 1.38a 1.09 ± 0.11bc

CB 30 33.16 ± 8.07a 25.64 ± 5.14a 0.90 ± 0.10cd

CB 60 22.85 ± 6.22a 28.08 ± 3.80a 1.48 ± 0.16d

#Change concerning the baseline levels. Values are presented as mean ± S. Duncan’s Multiple Range Test 
shows that mean values in a column separated by different superscript letters are significantly different 
(p < 0.05). NC (control diet, without being exposed to CMS); PC (control diet, CMS); CB 15 (control diet 
supplemented with 15% banana peel floss, CMS); CB 30 (control diet supplemented with 30% banana peel 
floss, CMS); and CB 60 (control diet supplemented with 60% banana peel floss, CMS).

Figure  3 shows MWM activity in control and 
banana peel floss supplemented animals, which shows that 
the MWM activity is expressed as a time to find the hidden 
platform. This test showed optimum doses of banana 
peel floss improved the cognitive dysfunction induced by 
CMS protocol. The rats with a control diet supplemented 
with 30% banana peel floss subjected to CMS showed 
a significantly shorter escape latency, and all doses of 

banana peel floss showed not significantly compared with 
the negative control. They also spent shorter times in the 
target quadrant compared to all other groups.

Chronic stress significantly increased cortisol 
levels, the increased cortisol level was significantly 
higher in the PC group (1.80 ± 0.26) compared to other 
groups suggesting the effect on CMS on cortisol level. 
The CB 15 and CB 60 groups had a mean of 1.37-
fold increase, similar to NC groups. The CB 30 group 
showed an increase in cortisol level up to 1.60 times the 
change (post/pre) in the banana peel intervention with 
various doses, which was significantly different from the 
CB 15 and CB 60 groups.

Discussion

The mechanism of tryptophan catabolism can 
cause a chemical link between mood, food, and obesity. 

Figure 3: Effect of banana peel floss on the immobility time duration 
in the tail suspension test (a), one impaired learning (time latency to 
reach the platform in Morris water maze (b), on the time (s) spent 
each quadrant during the trial in Morris water maze test memory (c). 
Immobility duration was measured for the last 4 min of TST. Data 
represent the mean ± SEM. Significance was determined by one-way 
ANOVA followed Duncan’s Multiple Range Test. *p < 0.05 compared 
to NC group. #p < 0.05, as compared to PC group. NC (control diet, 
without being exposed to CMS); PC (control diet, CMS); CB 15 
(control diet supplemented with 15% banana peel floss, CMS); CB 30 
(control diet supplemented with 30% banana peel floss, CMS); and 
CB 60 (control diet supplemented with 60% banana peel floss, CMS).

a

b

c
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Mood changes can affect a person’s food choices [27]. 
Tryptophan has been shown to have an anorexic 
effect on animals by some researchers [28], [29], [30]. 
Long-term administration of tryptophan to obese human 
subjects was found to reduce food intake. Tryptophan 
administration to non-fasted control rats (25–100 mg/kg 
i.p.) was found to cause a significant reduction in 24-h 
food intake [31]. High tryptophan diet, such as the 
Atkins diet and decreased body weight [29]. These 
findings are supported by the results of our study, which 
found that.

In addition to the tryptophan content in 
banana peel floss, the presence of dietary fiber also 
contributes to weight loss possibly through the following 
mechanisms: Soluble fiber produces glucagon-like 
peptide and peptide YY (PYY) when fermented in the 
large intestine, both hormones. The gut plays a role in 
inducing satiety [32] and dietary fiber has been shown 
to reduce energy intake significantly [33]. Even though 
dietary fiber contributes to a diet’s total caloric content, 
it is much more resistant to digestion in the small and 
large intestines [34].

TST is a behavioral test to examine depressive-
like behavior in the animal. The depressive-like 
behavior was measured using the immobility duration, 
which expresses the degree of depression or tension. 
In our study, experimental groups without banana 
peel floss supplementation exhibited depressive-like 
behavior, evidenced by higher immobility time when 
compared to experimental groups with banana peel 
floss supplementation. A control diet with 15% banana 
peel floss showed an optimal effect on the reduction of 
immobility time in TST. Lower immobility time showed 
that the rats actively pursue escape-directed behaviors, 
suggesting lower depressive-like behavior [35].

Our finding showed that the antidepressant 
effect is not dose-dependent. This finding is in 
concordance with fact that tryptophan metabolism 
involved rate-limiting enzyme, which means higher 
tryptophan supplementation will not further increase the 
antidepressant effect.

The HPA axis mediates the stress response, 
which is a common feature in people who are more 
likely to develop mental disorders [36]. The HPA axis 
controls the release of GRs (cortisol in humans and 
corticosterone in rodents) into the mind to bind with 
mineralocorticoid and GR receptors. These receptors 
are responsible for the negative feedback system on 
cortisol release in stress conditions. Studies showed that 
a lop-sidedness in this system can cause short-and long 
haul adverse consequences in the cerebrum, including 
neuronal demise, eased back neurogenesis, debilitated 
synaptic associations, expanded aggravation, and 
impeded learning and memory measures [37].

The presence of tryptophan, a precursor of 
serotonin, in banana peel floss may result in a decrease 
in cortisol levels and increased serotonin levels [38]. 

Other contents of the banana peel floss that might 
also affect the levels of cortisol and serotonin are 
carbohydrates (dietary fiber) and antioxidants (phenol 
and tannin). Consumption of carbohydrate compounds 
can alter growth hormone and cortisol levels, with high 
carbohydrate consumption lowering cortisol levels in 
the blood [39]. We observed a significant association 
between serotonin and cortisol levels and also between 
the duration of immobility time in TST and serotonin 
levels. These findings are consistent with recent 
research that found cortisol increases the expression of 
the gene encoding the serotonin transporter, associated 
with increased serotonin uptake and chronic activation 
of the serotonin transporter system. Exposure to intense 
or prolonged stress is characterized by persistent HPA 
activation and increased circulating cortisol. This will, 
in turn, reduce serotonin levels [40]. Other studies 
also reported an association between cortisol and 
serotonin. Serotonin interacts with dopamine and 
cortisol in complex ways, so that serotonin can increase 
dopamine production while inhibiting cortisol production 
in general [41]. These processes are most likely 
involved in the antidepressant effect of tryptophan, the 
precursor for serotonin.

Recent research has attempted to determine 
whether carbohydrate nutrition in the diet has an impact 
on mental disorders. A higher dietary GI and glycemic 
load are often associated with a higher risk of prevalence 
and incidence of depression and no significant 
association was found between dietary starch and 
the incidence of depression [42]. Increased fruit and 
vegetable consumption were also linked to a lower risk 
of depressive symptoms, while dietary fiber intake was 
linked to a lower risk of depressive symptoms, owing 
to dietary fiber’s protective effect against the negative 
effects of postprandial hyperglycemia [42]. Dietary 
fiber also acts as an effective prebiotic, stimulating 
the growth of intestinal bacteria, particularly lactic acid 
bacteria, which can aid in the treatment of intestinal 
flora disorders caused by stressful conditions [43]. The 
brain gut axis concept depicts a two-way relationship 
between the gastrointestinal tract and the brain, 
which is followed by specific bacteria producing 
various metabolites including short chain fatty acids in 
improving mental health problems caused by chronic 
stress conditions [44].

Carbohydrate consumption has also been 
associated with an increased serotonin synthesis in 
the brain [45]. As previously described, tryptophan 
is a serotonin precursor that competes for the same 
transport system across the blood-brain barrier as larger 
amino acids. An increase in the ratio of tryptophan to 
other amino acids in plasma allows tryptophan to cross 
the blood-brain barrier and contribute to the formation 
of serotonin through the transport system. When 
carbohydrates are consumed, insulin is released, which 
can stimulate greater absorption of competing amino 
acids into muscle tissue, and an increase in the ratio 
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of tryptophan to other amino acids in plasma allows 
tryptophan to cross the blood-brain barrier through 
the transport system and aid in the production of 
serotonin [46].

Major depression is associated with decreased 
brain serotonin function and increased cortisol 
secretion, which may help to bridge the gap between 
these two characteristics. Consumption of banana peel 
floss for 4  weeks after a chronic stress intervention 
might restore cognitive function, therefore, enhanced 
the memory and decreasing the time to reach the 
hidden platform, similar to that of the negative control. 
Tryptophan metabolism is regulated by cortisol and is 
important in serotonin synthesis [47]. The availability of 
tryptophan, an amino acid precursor, in the plasma is 
required for serotonin synthesis in the brain. Tryptophan 
content in banana peels is expected [48] to increase 
the availability of tryptophan in the body and activate 
enzymatic machinery in the liver and blood, including 
TDO (tryptophan 2,3-dioxygenase enzyme), which is 
activated when blood tryptophan levels increase.

Conclusion

It may be concluded that banana peel floss has 
an antidepressant effect in the CMS rat model, which 
might occur through the mechanism of controlling 
cortisol and serotonin plasma through the agency of the 
phytochemical compounds. The compounds include 
antioxidants and tryptophan as precursors for the 
formation of serotonin and dietary fiber in normalizing 
the function of the gut-brain axis. The mechanisms 
that influence their effects are still unknown. Further 
research is needed to confirm these findings.
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