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ABSTRACT

This study aimed to investigate anti-adipogenesis effects of
unripe banana (Musa abb cv. Kluai "namwa”) flour which were
extracted by organic solvents (methanol, ethanol, hexane) and
distilled water in 3T3-L1 adipocytes in vitro. Adipocytes were treated
by all extracts for 7 to 12 days from the starting of adipocyte
differentiation. Caffeine, anti-adipogenic bioactive compound, was
used as a positive control. After treatments, intracellular lipid contents
were measured by Oil Red O staining and triglyceride assay Kit,
respectively. The underlying mechanisms were examined by
measuring changes of mMRNA expression level of adipogenesis-related
genes using RT-PCR technique. The results showed that the
methanolic, ethanolic and hexane extracts significantly decreased
(P <0.05) lipid contents in 3T3-L1 adipocytes after 7 days of incubation
in a dose-dependent manner while the water extract had a significant
effect after a 12-day treatment. In addition, the expression level of
genes involved in adipogenesis and lipid synthesis (PPARy, SREBP-1c,
FAS) was significantly decreased (P <0.05) in all treatment groups in
accordance with the lipid contents. The present study suggests that
the capability of unripe banana green flour extracts on lowering lipid
accumulation in adipocytes in vitro may have further implication in
in vivo anti-obesity effects. Moreover, green banana flour may be a
potential ingredient for beneficial health diets.
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INTRODUCTION

High fat diet consumption, sedentary lifestyle, and overeating causes an
imbalance of energy intake and energy expenditure; and it is directly associated with
obesity (Sarnali and Moyenuddin, 2010). Obesity is also known to relate with chronic
diseases such as diabetes, hypertension, and cancer (Haslam and James, 2005).
Energy intake affects whole body compositions, particularly adipose tissue. In a lean
body, adipocytokines derived from adipose tissue such as leptin and adiponectin will
regulate energy homeostasis and physiological status (Coelho et al., 2013). However,
high energy intake can induce an excessive humber of adipocytes (hyperplasia), and
adipocyte size (hypertrophy) in adipose tissue, which will increase fat accumulation
and cause pathological conditions including obesity, insulin resistance, and diabetes.
Fat accumulation in adipocytes is modulated by lipogenesis and lipolysis (Coelho
et al., 2013). As a result, the increasing of lipolysis and inhibiting adipogenesis may
reduce adipose tissue mass and obesity. At present, lifestyle modifications, drug
treatment and surgical interventions are used for obesity treatment. However, an
inconsistently in the successfulness and side effects have been reported (Rodgers
et al., 2012). Currently, natural products and their bioactive compounds are of
interest to aid in the prevention of obesity and other chronic diseases. Many studies
have shown anti-obesity properties of several plant extracts which can inhibit
adipogenesis (Liou et al., 2015; Maki et al., 2017; Kim et al., 2020) and stimulate
lipolysis in adipocytes (Pheiffer et al., 2013; Duangjai et al., 2018; Castillo et al.,
2019). Banana (Musa sp.), a tropical fruit, is widely cultivated. Green bananas (Musa
paradisiaca L.) are rich of starch (20-25%) in the pulp of the fruits (Cordenunsi and
Lajolo, 1995) which can be utilized as banana flour combining into food products
(Juarez-Garcia et al., 2006; Aparicio-Saguilan et al., 2007; Hernandez-Nava et al.,
2009; Utrilla-Coello et al., 2013; Flores-Silva et al., 2017; Khoozani et al., 2020).
High fiber and slowly digestible starch contents in banana flour can sustain glucose
release which will reduce insulin response, maintain satiety level, control energy
intake (Aller et al., 2011), and decrease absorption of macronutrients (Dayib et al.,
2020). This suggests that banana flour may have potentially prevent and/or
treatment diabetes and obesity. In addition, phytochemicals composition in banana
pulp extraction (Musa sp.) have been investigated (Maity et al., 2016; Sidhu and
Zafar, 2018). The banana pulps which were extracted with different types of solvents
(water, methanol, acetone, and hexane) contained various compounds such as
tannins, alkaloids, phytosterols, flavonoids and phenols. It has been shown that these
components were associated with pharmacological activities such as antioxidant,
anti-inflammatory, anti-cancer (Apu et al., 2013), and antimicrobial (Raju et al.,
2013). A previous study presented that flavonoids such as leucocyanidin and
leucodelphinidin were the major compounds in the aqueous extract of unripe banana
pulps (Musa sapientum L., var.paradisiaca (Lewis et al., 1999). The beneficial health
effects of flavonoids were shown including anti-allergic, anti-inflammatory,
antimicrobial, anticancer activities (Apu et al., 2010), and anti- obesity (Murase
et al., 2002; Tsuda, 2008). This study, therefore, aimed to investigate the effect of
unripe green banana flour extracts on intracellular lipid contents and mRNA
expression of adipogenesis-related genes in 3T3-L1 adipocytes in vitro. The unripe
green banana flour was extracted by different types of solvents including methanol,
ethanol, hexane, and distilled water. All treatments were assessed by treating 3T3-L1
adipocytes with the non-toxic concentrations of the extracts for 7 or 12 days from
the beginning of adipocyte differentiation. Subsequently, intracellular lipid contents
and mRNA levels of potential marker genes for adipogenesis were then measured at
the end of treatments.

Open access freely available online Nat. Life Sci. Commun. 2023. 22(1): e2023004



https://cmuj.cmu.ac.th/

Natural and Life Sciences Communications: https://cmuj.cmu.ac.th

MATERIALS AND METHODS

Sample preparation

Unripe green banana flour extraction

Unripe green bananas (Musa abb cv. Kluai "namwa”) were provided by the
Looktung banana frying factory, Nongtoom, Sukhothai, Thailand. The banana flour
extract was produced from the pulp of the fruits using the procedure described by
Jannoey et al., 2021. Briefly, the banana pulp was separated from its peel and cut
into small slices, rinsed in water. The slices were then dried in hot air oven at 50°C,
ground using flour milling machine at 200 mesh pore size and stored at 4°C in
refrigerator for further analyzing. The banana flour was initially analyzed chemical
compositions. The unripe green banana flour examined in this study had a moisture
content of 13.14% comprised with 0.2% lipids, 2.29% ash, 2.72% protein, and
40% resistant starch. The banana flour was then extracted with different organic
solvents which included ethanol, methanol, hexane, and distilled water at the ratio
of 1:10. The banana flour samples (10 g) were macerated with 100 ml of all solvents
at room temperature for 1 week. The extracts were filtered through Whatman No.1
paper, the solvent in each filtrate was then removed by rotary evaporation at 57°C
and the concentrates were stored at 4°C. Regarding the water extraction samples,
the aqueous extracts were freeze-drying and stored at 4°C until used.

Phytochemical and total phenolic content analysis

The phytochemical in all extracts were analyzed by Jannoey and colleagues
(2022) using the Liquid Chromatography-Mass Spectrometry-Electrospray Ion
(LC-MS-ESI) method. The C18 column (Luna 4.6x150 mm, 5 um Phenomenex,USA)
of HPLC (1260 infinityAgilent Technologies, Germany) and the mixing of the mobile
phase including solvent A (0.1%Formic acid/H20) and solvent B (0.1% formic acid
/acetonitrile) were used in the analysis process. The gradient condition between
mobile phase A : B was used to separate the phytochemical content (95% : 5% to
80% : 20%). Mass analyzer was established using the 6,540 UHD Accurate Mass
Q-TOF LC-MS (Agilent Tecnologies, Singapore) in range 50-1,000 Da. Ionization was
achieved with an electrospray source utilizing a cone voltage of 10,20,40 eV using
negative and positive mode or determination of phenolic compounds. Desolvation
gas was Nitrogen at a flow rate of 10 L/min, temperature of 350°C, nebulizer 30 psig
Vcap 3,500V fragmentor 100V (positive mode), 250 (negative mode) skimmerl 65
V Octapole RFP 650V. The identification of phytochemical in each unripe banana flour
extract was then examined using mass analyzer compared with mass spectrum
database. From the analysis, various phytochemical compositions of the extracts
were found due to the extractant type. In the methanolic and ethanolic extracts, the
phenolic compounds were found such as gallic acid, glutaric acid, 2-hydroxyvaleric
acid, protocatechuic acid, 1,4-Ipomeadiol, 5,6-dimethoxyflavone. Whereas, the
hexane fraction presented the short chain hydrocarbons, fatty acids and its derivative
including piperine and phytosphingosine. Though, various organic acids such as
gluconic acid, succinic acid, 3-hydroxy-cis, cis-muconic acid, trans,cis-aconitic acid
dibutyl succinic acid were presented in the water extract.

Total phenolic content measurement

The total phenolic content was assessed using Folin-Ciocalteu method with
slight modification (Majhenic et al, 2007). Briefly, each extract was mixed with the
Folin-Ciocalteu reagent containing phosphomolybdic phosphotungstic acid reagents
and the reaction products were measured at 765 nm using a UV spectrophotometer
microplate. Total phenolics were then calculated as gallic acid standard equivalent
(mg GAE/100 g dry weight.)

For cell treatments, the weight of each extract was recorded before being
re-dissolved with 100% DMSO and then sterile filtered through 0.2 pm syringe filter
and diluted in 0.1% DMSO. All banana flour extracts were then diluted to various
concentrations in 0.1% DMSO-containing culture media to examine intracellular lipid
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contents and mRNA expression of adipogenesis-related genes (PPARy, SREBP-1c,
FAS), using B-actin as a normalization control.

3T3-L1 cell culture and treatments

3T3-L1 pre-adipocytes were cultured in basal medium (BM) containing
Dulbecco’s modified Eagle’s medium, 10% fetal bovine serum, and 1% antibiotic-
antimycotic at 37°C in a humidified atmosphere of 5% CO2 until 100 % confluence
which was designed as day “0”. Cells were then differentiated in differentiation
medium I (DM 1I) containing 1 mM 3-isobutyl- 1-methylxanthine, 2 uM
dexamethasone and 1 ug/ml insulin in basal medium (BM) for 3 days (day “3”). The
culture medium was then replaced with differentiation medium II (DM II) containing
1 pg/mlinsulin in the basal medium (BM) for 2 days (day “5”). On day “5", cells were
further cultured to mature adipocytes in BM containing 1 pg/ml insulin for 7 days
(day “12") or 12 days (day “17") and the culture media were changed every 2-3 days
during adipocyte differentiation induction. For the treatments, cells were treated with
unripe banana flour extracts for 7 or 12 days from the starting of adipocyte
differentiation at day “"0” as described above. Caffeine, an anti- adipogenic bioactive
compound (Kim et al., 2016) was used as a positive control.

Cell viability assay

3T3-L1 pre-adipocytes were cultured into a 96-well plate (2x103 cells/well).
At the initial of adipocyte differentiation (day “0"), cells were co-treated with 62.5,
125, 250, 500, and 1,000 ug/ml of unripe green banana flour extracts for 7 days and
with 350 ug/ml for 12 days. Afterwards, 180 ul of serum-free medium and 20 pl of
3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium Bromide (MTT) (5 mg/ml)
was added, and then incubated at 37°C in a humidified atmosphere of 5% CO:2 for 2
hours. The formazan crystal in adipocytes was dissolved by 100 ul of 100% DMSO.
The cell viability was measured at 595 nm using a micro-plate reader, and the
percentage of the cell viability was calculated by implementing the following array:
% Cell viability = Absorbance of sample/Absorbance of control x 100.

Lipid accumulation assay

Cells were treated with unripe green banana flour extracts at 250, 350, 450
png/ml for 7 or 12 days from the beginning of differentiation at day “0”. Intracellular
lipid levels were then measured by Oil Red O staining and triglyceride quantification
assay kit. Briefly, after dye staining, 3T3-L1 adipocytes were washed with phosphate
buffered saline and fixed with 10% formalin for 1 h. Next, cells were incubated with
60% isopropanol for 5 minutes and stained with 0.5% (w/v) Oil Red O dye solution
for 5 minutes. After the cells were photographed, the stained lipid droplets were
dissolved by 100% isopropanol. The lipid levels were measured at 510 nm. For kit
assay, cells were homogenized in RIPA buffer (Boster, USA) with protease inhibitors
(Boster, USA). The lipid accumulation was calculated by the following formular; lipid
accumulation (% of control) = Absorbance of sample/Absorbance of control x 100.
(sample = lipid contents of treated adipocytes; control = lipid contents of untreated
adipocytes)

The triglyceride levels were measured according to manufacturer’s protocol
(Triglycerides liquicolormono, Germany) at 500 nm. The triglyceride levels were then
normalized with total protein concentrations.

MRNA expression assay

The mRNA expression level was measured by Reverse Transcription-
Polymerase Chain Reaction (RT-PCR). Briefly afterwards, total RNA was extracted
using Ribozol reagent (Amresco, USA) following the manufacturer’s
recommendations. RNA concentration and purity were assessed by a NanoDrop
spectrophotometer (Thermo Scientific™ Nanodrop 2000 spectrophotometer, Thermo
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Fisher Scientific, USA). A 1000 ng of total RNA was then subjected to first-stand
cDNA synthesis (Solis BioDyne, Germany) used for the PCR reaction. The PCR cycling
condition included pre-denaturation (95°C) for 2 minutes, 30 cycles of denaturation
(94°C, 30 seconds), annealing (58°C, 1 minute), and extension (72°C, 1 minute),
and a cycle of final extension (72°C, 5 minutes). The PCR products were then
examined employing agarose gel electrophoresis and visualized using a Gel
Document (Image Quant LAS 500, GE Healthcare Life Sciences, Sweden). The
expression levels of target genes (Table 1.) were normalized with B-actin gene.

Table 1. Primers for the measurement of mRNA expression.

Genes Primer sequence 5 3’ Size (bp) References

PPARy Forward CGCTGATGCACTGCCTATGA 101 Ho et al. (2012)
Reverse AGAGGTCCACAGAGCTGATTCC

SREBP-1c Forward CTGCAGACCCTGGTGAGTG 170 NM_011480.3
Reverse GACCGGTAGCGCTTCTCAAT

FAS Forward TTTGTAAACGTCCTCACCCGA 127 NM_007988.3
Reverse CGGAAGTTCAGAGAGGCGTAGTAG

B-actin Forward TGTCCACCTTCCAGCAGATGT 101 Ho et al. (2012)

Reverse = AGCTCAGTAACAGTCGCGCTAGA

Statistical analysis

The statistical analysis was assessed by SPSS (version 17 SPSS Inc, Chicago.
USA). Results were presented as mean + SD. The analysis was performed in triplicate
in each experiment. Differences among experimental groups were assessed by using
one-way analysis of variance (ANOVA). The different between means were tested for
significance using Tukey’s HSD test at P <0.05.

RESULTS

After a 7 and 12 day of incubation period, banana flour extract at concentrations
of 62.5 to 450 pg/ml did not reveal cytotoxic effect on 3T3-L1 adipocytes (Figure 1
and 2). This, therefore, was applied to examine anti-adipogenic effects throughout
adipogenesis process for 7 or 12 days. The following biological parameters were
assessed: the intracellular lipid contents by Oil Red O staining, the triglyceride assay
kit, and the changes of mMRNA expression of adipogenesis-related genes by RT-PCR
technique, compared with control cells.

Open access freely available online Nat. Life Sci. Commun. 2023. 22(1): e2023004



https://cmuj.cmu.ac.th/

Natural and Life Sciences Communications: https://cmuj.cmu.ac.th _

z
Ej

Methanolic unripe banana flour extract Ethanolic unripe banana flour extract

=2
=
=4

*

*

H
H

*

-
g B

]
&=
&

Cell viability (% of control)

Cell viability (% of control)

o
s B

UD CON D1% 625 125 250 350 450 SO0 1000 UD CON 01% 625 125 250 350 450 500 1000
DMSO DMSO
Concentration (ug/ml) Concentration (pg/ml)

D)
Hexane banana flour extract ‘Water banana flour extract
20

—_

0
~
—_—

100 %

&
g
=
-

=
&

£ =
s 3

w
Cell viability (% of control)

Cell viability (% of control)
2
-

=
L.
e =

UD CON 0.1% 625 125 250 350 450 500 1000 UD CON 01% 625 125 250 350 450 500 1000
DMSO DMSO
Concentration (pg/ml) Concentration (pg/ml)

Figure 1. The effect of unripe banana flour extracts at concentrations of 62.5
to 1,000 pg/ml on 3T3-L1 adipocyte viability after 7 days of incubation.
*P <0.05 compared with control. UD = Undifferentiated cells; CON = Differentiated
cells. (N=8-16).
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Figure 2. The effect of unripe banana flour extracts at a concentration of 350
pg/ml on 3T3-L1 adipocyte viability after 12 days of incubation.
*P <0.05 compared with control (D). UD = Undifferentiated cells; D = Differentiated
cells. (N=16).

From the results, it was demonstrated that after treating with the solvent
extracts (250 and 350 pg/ml) for 7 days, lipid contents in 3T3-L1 adipocytes
significantly decreased (P<0.05) in a dose-dependent manner (Figure 3). However,
when treating the cells with the water extract (250, 350 and 450 ug/ml) (Figure 3
and 4) for 7 days, lipid levels did not statistically differ from that in control cells.
Nevertheless, after increasing the incubation time to 12 days, lipid contents were
reduced significantly (P <0.05) in all groups (Figure 5). This indicated that the water
extract may exhibit low efficacy to suppress adipogenesis less than other extracts.
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Figure 3. The lipid contents in 3T3-L1 adipocytes were treated with unripe
banana flour extracts at concentrations of 250 and 350 pg/ml for 7 days.
Total lipid contents were measured by Oil Red O staining (A) and triglyceride assay

kit (B). *P <0.05 compared with control (D). UD = Undifferentiated cells;
D = Differentiated cells. (N=3-6).
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Figure 4. The lipid contents in 3T3-L1 adipocytes which treated with water
unripe banana flour extract at a concentration of 450 g/ml for 7 days.
Total lipid contents were measured by Oil Red O staining (A) and triglyceride assay
kit (B). *P <0.05 compared with control (D). UD = Undifferentiated cells;
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Figure 5. The lipid contents in 3T3-L1 adipocytes which treated with unripe
banana flour extracts at a concentration of 350 pg/ml for 12 days.
Total lipid contents were measured by Oil Red O staining (A) and triglyceride assay
kit (B). *P <0.05 compared with control (D). UD = Undifferentiated cells;
D = Differentiated cells. (N=3).

Furthermore, in the present study, the underlying mechanisms of anti-
adipogenic effects of all extracts were also determined. The results showed that, in
consistent to the lipid contents measurement, the solvent extracts at a concentration
of 350 pg/ml significantly decreased (P <0.05) the expression of PPARy, SREBP-1c,
and FAS genes after 7 days of treatment whereas the water extract did not show a
significant effect (Figure 6). Nevertheless, after 12 days of treatment, all extracts
showed anti-adipogenesis ability via suppressing adipogenic gene expression
(Figure 7).
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Figure 6. The expression of adipogenic genes in 3T3-L1 adipocytes which
treated with unripe banana flour extracts at a concentration of 350 ug/ml
for 7 days. The gene expression presented as relative expression normalized to
B-actin gene. (A) PPARy; (B) SREBP-1c; (C) FAS. *P<0.05 compared with control
cells (D). UD = Undifferentiated cells; D = Differentiated cells. (N=4-5).
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Figure 7. The expression of adipogenic genes in 3T3-L1 adipocytes which
treated with unripe banana flour extracts at a concentration of 350 pg/ml
for 12 days. The gene expression presented as relative expression normalized to B-
actin gene. (A) PPARYy; (B) SREBP-1c; (C) FAS. *P<0.05 compared with control cells
(D). UD = Undifferentiated cells; D = Differentiated cells. (N=4-7).

DISCUSSION

In the present study, we determined anti-adipogenic effects of unripe green
banana flour which was extracted with methanol, ethanol, hexane, and distilled water
in 3T3-L1 adipocytes in vitro. The results showed that all extracts can reduce
intracellular lipid contents via inhibiting the expression of adipogenic and lipogenic
genes (PPARy, SREBP-1c, FAS). Moreover, the ethanolic, methanolic, and hexane
extracts showed greater anti-adipogenic ability than the water extract. As shown in
Figure 3, these organic solvent extracts affected the differentiation process by
reducing lipid contents within 7 days of incubation, whereas anti-adipogenic effect of
the water extract was shown in long-term treatment (12 days) (Figure 5). This may
show the efficacy of the extracts on adipocyte differentiation, at least, due to their
polarity. It has been reported that methanol, ethanol, acetone, chloroform, hexane,
and water can isolate different amounts of bioactive compounds and their biological
activities (lloki-Assanga et al., 2015; Truong et al., 2019). Previous studies
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demonstrated that water dissolves soluble molecules (e.g., carbohydrates, proteins)
and some natural phenolic compounds (e.g., gallic acid, salicylic acid, ferulic acid,
caffeic acids) (Mota et al., 2008). Whereas semi-polar solvents such as methanol and
ethanol and a non-polar solvent hexane can dissolve semi-polar compounds (e.g.,
phenols, flavonoids, alkaloids) and non-polar compounds (e.g., sterols, terpenoids,
tannins, glycosides), respectively (Maity et al., 2016). All unripe green banana flour
extracts used in this study were analyzed using the Liquid Chromatography-Mass
Spectrometry-Electrospray Ion (LC-MS-ESI) (Jannoey et al., 2021). The results
revealed that phytochemical constituents of unripe banana flour extraction were
found to be different due to the polarity of solvent extraction. From the analysis, the
major components such as malic acid, citric acid, lactic acid, fructose derivative,
dimethylmalonic acid, and fatty acid derivatives were found in all extractants.
Furthermore, phytosphingosine, 2,4-dimethylpimelic acid, C16-sphinganine, and
piperine were also detected in methanolic, ethanolic, and hexane extracts. While
phenolic compounds such as gallic acid, glutaric acid, 2-hydroxyvalericacid,
protocatechuic acid and 1,4-ipomeadiol were only obtained in methanolic and
ethanolic extracts. Additionally, choline, 5,6-dimethoxyflavone, 9,12,13,trihode, and
2-hexyl-1,3-dioxan-5-ol, were uniquely found in the methanolic extract. Moreover,
gluconic acid, succinic acid, 3-hydroxy-cis, cis-muconic acid, cis-aconitic acid, and
choline were obtained when extracting with distillated water. From the LC-MS-ESI
analysis (Jannoey et al., 2021), various phytochemicals were found in the extracts,
and they may play a role for affecting 3T3-L1 adipocyte differentiation. For example,
choline, which was detected in water and methanolic extracts, has been shown to
slowly increased body weight gain, reduced fat mass, decreased plasma glucose
level, and improved insulin tolerance in mice fed diet-containing choline (Wu et al.,
2012). In addition, a recent study by Korsmo et al., 2020 revealed that excess
adiposity was inhibited after choline supplementation for 6 weeks in high fat-fed
mice. Moreover, choline was also noted to stimulate adipocyte lipolysis by activating
specific lipases (e.g., ATGL, LPL, HSL); reduced the expression of lipogenic genes
(e.g., FAS, SREBP-1c); and upregulated the genes for Fatty acid oxidation
(e.g., CPT1, PPARa, PGC-1a) in mice (Schenkel et al., 2015; Taylor et al., 2017).
This suggests that food-containing choline may be useful for regarding prevention or
Treatment of obesity. Furthermore, piperine and gallic acid, which were found only
in methanol, ethanol, and hexane extracts, have been shown to provide an anti-
obesity effect (Brahmanaidu et al., 2014; Park et al., 2012; Diwan et al., 2013;
Pandey et al., 2014; Doan et al., 2015; Hsu et al., 2006). From in vitro study, gallic
acid was shown to inhibit pre-adipocyte proliferation (Hsu et al., 2006) and adipocyte
differentiation (Pandey et al., 2014). A recent study by Park et al., 2019 reported
that piperine markedly reduced intracellular lipid accumulation through inhibiting the
expression of transcription factors, PPARy, SREBP-1c, and C/EBPB in 3T3-L1 cells. In
addition, among various components, malic acid, which was found in all extractants,
has been reported lipolytic activity via stimulating glycerol release in 3T3-L1
adipocytes (Duangjai et al., 2018). Therefore, from the present study, various
phytochemicals comprised in unripe banana flour extracts may play a vital role in
anti-adipogenesis ability through lowering intracellular lipid contents and inhibiting
adipogenic gene expression in 3T3-L1 adipocytes. Although the expression level of
lipolysis-related genes was not assessed in this study, some phytochemicals
comprised in water and methanolic unripe banana flour extracts such as choline
which has been shown to modulate lipolytic genes (Schenkel et al., 2015; Taylor
et al., 2017) may influence anti-adipogenesis. Moreover, a study carried out by Sarda
et al., 2016 demonstrated that unripe banana flour can decrease energy intake via
modulating gastrointestinal hormones such as ghrelin and peptide YY hormones in
human. Taken together, it suggests that unripe green banana flour may possibly use
as a food supplement to prevent or treat obesity and highlight new perspectives
on future pharmacological use. The biological and pharmacological activities of
phytochemicals in unripe banana (Musa paradisiaca) flour (Iroaganachi et al., 2015)
and methanolic extract of unripe banana (Ojewole and Adewunmi, 2003) have also
been reported including decreasing blood glucose and body weight in diabetic rats.
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A recent study carried out by Escobar and Rocha-Gomes, 2020 indicated that unripe
banana flour (Musa cavendishii) decreased weight in Wistar rats after ingestion 20%
of unripe banana flour for 49 days. In addition, it has been shown that unripe banana
extract (Musa sapientum L.) enhanced glucose uptake in yeast cells (Bhinge et al.,
2017). From a recent study, the ethanolic and methanolic unripe banana flour
extracts used in this study were shown antioxidation activity greater than those the
other extractants (Jannoey et al., 2021).

CONCLUSION

The present in vitro study demonstrated the potential effects of unripe green
banana flour extracts on anti-adipogenesis ability via lowering intracellular lipid
contents and inhibiting the expression of adipogenesis-related genes (PPARy, SREBP-
1c and FAS) compared to control cells. In addition, from the recent LC-MS-ESI
analysis (Jannoey et al., 2021), it was demonstrated that some phytochemicals
comprised in unripe banana green flour extracts such as piperine, gallic acid, malic
acid, and choline may play a vital role in anti-adipogenesis effects. Therefore, this
study suggests that green banana flour may be used as a potential ingredient for
beneficial health diets and may have further implication in in vivo anti-obesity effects.
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