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Abstract
Background and Objective: Plantain is known as a rich source of several bioactive components yet there are several local claims on how
those bioactive components could be promoted by employing fermentation. This study was set to investigate the effect of fermentation
on the phytochemical constituents; exploring Fourier Transformer Infrared (FTIR)  spectroscopy  and Ultraviolet-visible (UV) spectroscopy
for possible detection of structural modifications on phytochemicals as  well  as  to  evaluate the impact of fermentation on the
antioxidants potentials on unripe plantain fruit extract. Materials and Methods: Plantain fruit was sourced at a local market in Ede, Osun
state, Nigeria, peeled, washed, homogenized with distilled water; the proximate, phytochemical, FTIR, UV and antioxidants analyses were
investigated. Results: Fermentation significantly increased protein content while crude and soluble fibre fraction reduced significantly.
All the selected phytochemical components increased significantly except for saponin and tannin that remain unaffected. The FTIR and
UV analyses showed that the fermentation process resulted in the modification of some bioactive compounds (quercetin to quercetagetin,
flavones and 2"-O-Xywsylvitexin) and formation of a class of phenolics (p-coumaric acid).  Conclusion: This study showed the antioxidant
potential of unripe M. paradisiaca could be greatly amplified through fermentation; hence the formation of a new compound could be
the key behind these potentials.  
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INTRODUCTION

Africans’ beliefs in herbs and other functional foods are as
old as the origin of Africa. Despite the integration and
popularity of western conventional medicine across the world,
Africans strongly acknowledge the potency of herbs and other
functional food (Nutraceutics) as the major source of remedy
that poses no side effect1.

Natural products of fruits and vegetable origin have
shown as promising pathways in the prophylaxis and
therapeutic of both acute, chronic disease and ailments,
including terminal diseases like cancer2,3. The potentials of
these   herbs   and   functional   foods   are  essentially linked
to the antioxidant properties as well as other bioactive
components4,5 which are undeniably safe; pose almost no side
effects and readily available6. A few of these plant products
include but not limited to citrus, lettuce, tomatoes, mints,
banana and plantain.

Plantain (Musa  paradisiaca) is one of the most consumed
fruits in the West African sub-region, rich in vitamins A, B6, C,
minerals and dietary fibre6. Musa  paradisiaca  contains several
bioactive compounds, like phenolics, carotenoids, lycopene
and phytosterols, which are highly needed in the diet for
optimum functioning of physiological processes and
remediation of cellular assaults in both human and animals.
Bioactive molecules present in plantain fruit have shown
notable antioxidant activities against various forms of Reactive
Oxygen Species (ROS)7, either endogenous or from other
sources.    Although  there  is  a  large  volume  of  articles  on
M.  paradisiaca  potentials against various ailments including
the terminal ones, however, there is dearth of information to
ascertain the possible bioactive compounds responsible for
this claim. 

This inadequate scientific investigation of the biomedical
potential of fermented plantain fruit extracts motivates this
study. Hence, this work was set to determine the effect of
varying fermentation period on unripe plantain fruit extract
with regards to broad-spectrum ROS scavenging potential and
evaluate structural modifications by exploring UV-Vis and FTIR
(Fourier Transformer Infrared) spectroscopy.

MATERIALS AND METHODS

Sample collection and preparation:  Unripe plantain fruit was
sourced from a local market in Sekona, Osun state, Nigeria.
This  study  was  done  between  January-September, 2019.
The plantain was peeled, washed with distilled water,
chopped into smaller sizes then homogenized using electric

blending with distilled water (ratio 1: 9 w/v) and divided into
three equal portions. The fresh portion was immediately
covered and refrigerated at -20oC. The second and third
portions (48 and 96 h fermented) were exposed to air for
about 30 min to encourage adequate microbial inoculation by
natural means (chance inoculation).  Afterward, the container
was  covered  with  air-tight  cork  and  allowed  to  stand for
48 and 96 h. After 48 h of fermentation, the 48 h portion was
refrigerated at -20EC to terminate the fermentation process
while the 96 h was left for  another  48  h.  The  unfermented
(0 h) and fermented (48 and 96 h) samples were filtered using
muslin cloth into a new sterile bottle and refrigerated at -20EC
for further analyses.

Microbial screening for potential pathogens: The microbial
screening was done  using  standard  laboratory  procedures
at the Microbiology Laboratory of the Department of
Microbiology, College of Medicine, University of Lagos, Nigeria.

Proximate analysis
Moisture content: The moisture content was determined by
using a dry-oven method. Clean and dry Petri-dishes were
weighed by using meter balance and their respective weights
were recorded (W1). Five gram of the sample was weighed
into pre-weighed dried dishes (W2) spreading as much as
possible. The dishes containing the sample were transferred
into an oven maintained at 105±2EC and dried for 3 h. After
3 h they were transferred to the desiccators to cool and then
weighed.  This  process  was continued until a constant weight
(W3) was observed as the percentage of moisture content:

Loss in weight due to drying (W2-W3) 100Moisture (%) = 
Weight of sample taken (W2-W1) 1



Protein content determination: Lowry protein method was
slightly modified according to the method described by
Hartree8. The assay was carried out by diluting the samples to
1 mL with water and adding 0.9 mL of solution A (2 g LG1

potassium sodium tartrate (KNaC4H4O6·4H2O) and 100 g LG1

sodium carbonate (Na2CO3) in 0.5 M NaOH) before incubation
for 10 min at 50EC. Following this, the samples were cooled
down  to  room  temperature,  added  1  mL   of    solution B
(0.2 g LG1 KNaC4H4O6·4H2O and 0.1 g LG1 copper sulfate
pentahydrate (CuSO4·5H2O) in 0.1 M NaOH) and left for 10 min.
Finally, 3 mL of solution C (Folin-Ciocalteu phenol reagent in
H2O (1:16 v/v)) was added before incubation for 10 min at
50EC. A standard curve was made of bovine serum albumin
(BSA; 0-1 mg LG1) and absorbance was read at 650 nm. 
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Fibre content determination: Crude fibre estimation was
done as follows: 2  g (W1) of the sample was weighed into
conical flask (1 L) containing 200 mL of boiling and 1.25% of
H2SO4 which was added and boiled gently for 30 min. The
mixture was filtered through muslin cloth and the residue
washed thoroughly with hot distilled water and then rinsed
once with 10%  HCl  twice with ethanol and rinsed to drain
dry, then the residue was scrapped into a crucible and allowed
to dry in the oven at 105±2EC, cooled in a desiccators and
weighed (W2). The residue was ashed at 55EC, for 90 min in a
muffle furnace, cooled and weighed again (W3)9:

W2 W3 100Fibre (%) =
W1 1
 

Plant secondary metabolites estimation
Determination  of  saponin:  Saponin   quantitative
determination was carried out using the method priorly
reported10. In brief, the method requires 20%  aqueous ethanol
added to sample, heat in water bath at 55EC for 4 h. Saponin
content was calculated in percentage using gravimetry
method.

Determination of tannins: The estimation of tannins was
carried out by a colorimetric assay11 while different
concentrations of tannic acid (6.25-50 mg) were prepared by
serial dilution from the stock solution (50 mg/100 mL of 70%
acetone). The absorbance was measured at 725 nm after the
addition of 0.5 mL of folin phenol reagent and 2.5 mL of
Na2CO3.

Estimation of total carotenoids and lycopene: The method
of Zakaria et al.11 was used. Total carotenoids and lycopene
were extracted from the plantain juice samples (A and B) using
petroleum ether  and  estimated  by spectrophotometer at
450 and 503 nm, respectively.  

Estimation of total phenols: The method is based on the
oxidation of molecules containing -OH groups. In brief, 1 mL
of each extract in three replicate was used. This test is done by
using Tannic acid as standard. The total phenolic content was
expressed as mg tannic acid equivalents per 1 g dry of the
sample12.

UV-vis and FTIR spectra analysis
FTIR analysis: Plantain aqueous samples were used for FTIR
analysis. Ten microliter was encapsulated in 10  mg of KBr
pellet, to prepare translucent sample discs. The encapsulated
sample of each portion was loaded  in  FTIR  spectroscope,

with  a  Scan  range  from 400-4000 cmG1 with a resolution of
4  cmG1.  FTIR  spectra data  table  used  was  IR  Spectrum
Table  and  Chart | Sigma-Aldrich Inc13.

UV-vis   analysis:   Plantain  extracts  were  centrifuged  at
5000  rpm  for  5  min.  The  supernatant  was collected and
used for UV-Vis analysis. The UV lambda range of 190-400 nm
was selected on the UV-Vis spectrophotometer14.

Antioxidants potentials analysis 
Ferric thiocyanate (FTC) method: The standard method as
described by Kikuzaki  and Nakatani15  was used. A mixture of
4.0 mg sample in 4 mL absolute ethanol, 4.1 mL of 2.5%
linolenic acid in absolute ethanol, 8.0 mL of 0.05 M  phosphate
buffer (pH 7.0) and 3.9 mL of water was placed in a vial with a
screw cap and then placed in an oven at 40EC in the dark. To
0.1 mL of this solution was added 9.7 mL of 75% ethanol and
0.1 mL of 30% ammonium thiocyanate. Three minutes after
the addition of 0.1 mL of 0.02 M ferrous chloride in 3.5% HCl to
the reaction mixture, the absorbance was read at 500 nm
every 24 h until the absorbance of control reached the
maximum. Butylated hydroxytoluene (BHT) and "-tocopherol
were used as positive controls while the mixture without
sample was used as the negative control. 

Ferric Reducing Antioxidant Power (FRAP) method: The
ferric reducing potential of the sample was analyzed by taking
1 mL of  different dilutions of standard  solutions  of  gallic acid
(10-100 µg mLG1). The samples that had been adjusted to fall
in the linearity range, 500 µg mLG1 were taken in 10 mL
volumetric flasks and mixed with 2.5 mL of potassium buffer
(0.2 M, pH 6.6) and  2.5  mL  of 1% potassium ferricyanide16.
The mixture  was  incubated  at  50EC for 20 min. Then, 2.5 mL
of 10%  trichloroacetic   acid    was   added   to   the   mixture
to  stop  the reaction. To 2.5 mL of the above solution, 2.5 mL
of distilled  water was added and then 0.5 mL of 0.1% FeCl3
was added and allowed  to  stand  for 30 min before
measuring the absorbance at 593 nm. The absorbance read
was  converted to gallic acid equivalent  as  milligrams  per
gram  of  dry material (GAE gG1) using a gallic acid standard
curve. 

Nitric oxide scavenging assay: Nitric oxide radical inhibition
was estimated using Griess Illosvory reaction17,18. Griess
Illosvory reagent was generally modified by using naphthyl
ethylenediamine    dihydrochloride    (0.1%   w/v)  instead  of
1-naphthylamine (5%) and the concentration of nitrite was
assayed at 546 nm and calculated with the control absorbance
of the standard nitrite solution:
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control test std

control

A -A  or AScavenging activity (%) = 100
A



Hydrogen peroxide scavenging assay: Hydrogen peroxide
scavenging potential was determined with a little modification
as described by Gulcin et al.19. The percentage inhibition
activity was calculated from the formula:

0 1

0

A -A  Inhibition activity (%) ×100
A



where, A0 is the absorbance of the control and A1 is the
absorbance     of    extract/standard   taken   as   gallic   acid
(10-100 µg mLG1).

1, 1-diphenyl-2-picrylhydrazyl (DPPH) spectrophotometric
assay:  DPPH solution of 0.1 mM in alcohol was prepared and
protected from light influence by maintaining the dark
condition and was folded with an aluminum foil and 3 mL of
this   solution   was  added  to  1  mL  various  concentrations
of (100-2000  µg  mLG1)   extracts   or   standard   solution   of
10-100 µg  mLG1.  Absorbance  was  taken  after  30  min  at
517 nm. The percentage inhibition activity was calculated
using the formula:

0 1

0

A -A  Inhibition activity (%) ×100
A



where, A0 is the absorbance of the control and A1 is the
absorbance of extract/standard taken as ascorbic acid20,21.

Total antioxidants activity: The extracts (750 µL) of each
sample were mixed with an equal amount of phosphate buffer
(0.2 M, pH 6.6) and 1% potassium ferricyanide (a source of
ferric ions). The mixture was incubated at 50EC for 20 min
followed by addition of an equal amount of trichloroacetic
acid (10%) to stop the reaction and was then centrifuged at
3000 rpm for 10 min. The upper layer (1.5 mL) was separated
and mixed with an equal amount of distilled water and 0.1 mL
FeCl3 solution (0.1%). A blank was also prepared by using the
same procedure and the absorbance was measured at 700 nm
as the reducing power22.  

Statistical analysis: Means of three replicates, as well as their
standard error of mean (SEM) were determined. The test of
significance between the treatments was done using analysis
of variance (ANOVA) and Duncan Multiple Range Test (DMRT)
to compare between the groups via SPSS version 23.00
software.

RESULTS

The results revealed that no pathogenic organism was
present in the fermented sample. The dominant fermenters
include yeast, lactobacillus and aero-tolerant propionic acid
bacteria as shown in Table 1. Table 2 showed significant
(p<0.05) increases in protein and moisture contents. The
increase was proportional to fermentation time. Crude fibre
and soluble contents were significantly (p<0.05) reduced
while the insoluble fibre fraction increased significant (p<0.05)
during fermentation.  In Table 3, total phenolics, lycopene and

Table 1: Dominant fermenters plate counts
Media 1/10 dilution 1/100 dilution Remark
Tryptone soya agar TNTC TNTC Too numerous
Eosin methylene blue agar TNTC 4×104 Lactose fermenters not  E.  coli, not Klebsiella  sp.
Salmonella shigella agar 4.0×102 4.2×103 Lactose fermenters
MacConkey agar TNTC TNTC Too numerous lactose fermenters 
Mannitol salt agar TNTC 1.2×104 Non staphylococcal organisms
Thiosulphate citrate bile salt sucrose agar No growth No growth No  Vibrio  cholera
Sabouraud dextrose agar TNTC TNTC Fermentative yeasts turning plates alcoholic
Cetrimide agar No growth No growth No  Pseudomonas  aeruginosa
Nutrient agar for Proteus sp. No swirming No swirming No  Proteus sp., organism has morphology of yeast 
Anaerobic tryptone soya agar 9.2×102 9.0×102 Mixed culture of yeast and Bacillus 
TNTC: Too numerous to count

Table 2: Total protein, fibre fractions and moisture contents of fermented plantain
Fermentation Total protein
period (h) (mg/100 g dry weight) Crude fibre (%) Soluble fibre (%) Insoluble fibre (%) Moisture (%)
0 7.88±0.02a 10.19±0.00c 8.65±0.00b 1.53±0.00a 36.33±0.00a

48 64.12±0.31b 8.85±0.03b 6.51±0.03a 2.33±0.03b 79.84±0.00b

96 131.34±0.58c 7.87±0.04a 5.24±0.08a 2.63±0.03b 99.90±0.00c

Values were represented as Mean±SEM of three parallel data, Values with different superscript in the same column are significantly different (p<0.05) 
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Table 3: Tannin, saponin, carotenoids, lycopene and total phenolics of plantain at different fermentation period
Fermentation Tannin Saponin Carotenoids Lycopene Total phenolics
period (h) (mg/100 g dry weight) (mg/100 g dry weight) (102 µg/100 g dry weight) (102 µg/100 g dry weight) (mg/100 g dry weight)
0 6.17±0.35 1.27±0.00 2.17±0.00a 2.75±0.02a 37.05±0.00a

48 5.14±0.02 0.66±0.03 4.17±0.98b 6.68±0.31b 101.22±0.40b

96 5.08±0.15 1.01±0.04 8.07±1.42c 10.11±0.58c 105.37±2.61b

Values were represented as Mean±SEM of three parallel data, Values with different superscript in the same column are significantly different (p<0.05)

Table 4: Fourier transformer spectra table interpretation
Range of peak Fermentation period (h) Peak value Functional group Functional group name *Vibration
3400 0 3394.83 O-H Alcohol/phenol Stretch

48 3387.11 O-H Alcohol/phenol Stretch
96 3421.83 2EN-H Secondary amine Stretch

3000 0 2929.97 C-H Aldehyde Stretch
48 2929.97 C-H Aldehyde Stretch
96 2929.11 - -

2300 0 2360.95 S-H Thiol Stretch
48 2332.02 S-H Thiol Stretch
96 2360.95 S-H Thiol Stretch

1600 0 1635.69 C=C Mono alkene Bending
48 1639.55 C=C Mono alkene Bending
96 1618.33 C=C Ring alkene Bending

1200 0 1153.47 C-O Alkoxy Bending
48 1153.47 C-O Alkoxy Bending
96 1055.38 - -

1000 0 1022.31 C-O Alkoxy
48 1022.31 C-O Alkoxy
96 1020.38

900-500 0 576.74 Sp2 C-H Cis bend Bend
48 578.66 Sp2 C-H Cis bend Bend
96 785.74 Sp2 C-H Ring bend Bend

Referred in Fig. 1, *Source: Sigma-Aldrich Inc.,13

Table 5: UV spectra (between 190 and 380 nm) peak values of fermented  M.  paradisiaca  fruit extract
Period of fermentation (h) Band II Band I *Peak value #Probable compounds
0 349.60 1 Quercetin
48 363.20, 316.20 2, 9 Quercetagetin

354.2 5 Quercetin
338.6 6 Quercetagetin
361.20, 316.20, 345.20 3, 9, 5 3-hydroxyflavone

96 363.4 11, 1 Quercetin
260.4 357.40, 344.20 11, 2, 3 3-hydroxyflavone

342.2 11, 4 2"-O-xywsylvitexin
339.2 11,5 Quercetagetin
328.20, 324.20 11, 6, 7 Acacetin
318.20, 316.20 11, 8, 9 Flavone

Not applicable 308.6 10 p-coumaric acid
*Referred in Fig. 2, #Source: Mabry  et  al.14

carotenoids content increased significant (p<0.05) as the
fermentation period extend up to 96 h while Tannin and
Saponin levels were not altered significantly (p>0.05).

Table 4 shows the comparison in the notable peaks of the
FTIR spectra of Fig. 1. Hydroxyl O-H stretch (3400 cmG1 peak)
noted in 0 and 48 h fermentation  samples  were  modified  to
2EN-H (anime) stretch at 96 h. Also, mono alkene C=C stretch
(1635.69 cmG1 peak), as well as cis bend C-H (576.74 cmG1

peak) in 0 and 48 h samples were modified to C=C and C-H
ring bends, respectively in 96 h fermented sample. Also, the
aldehyde (C-H) stretch at 2929.97 cmG1 peak and alkoxy C-O
bend present in both 0 and 48 h samples are absent in 96 h

fermented sample. The thiol (S-H) stretch at 2360.95 peak
region present in the unfermented sample (0 h) remains
unchanged in both 48 and 96 h fermentation samples. 

The UV spectrum chart  in  Fig.  2  was  interpreted  in
Table 5. The peak values range between 312-318 nm indicates
the presence of a conjugated ring structure of flavonoids in
both fermented and unfermented samples. Although,
flavonoids usually form two Bands (Band I and II) the Band II
range between 240-260 nm while Band I (usually 300-380 nm)
is more specific because it is determined by several factors
including functional group and localization of  attached
groups  around  the  A  ring  of  the  parent  compound. Hence,
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Fig. 1: FTIR spectra of unfermented and fermented M. paradisiaca  fruit extracts

Fig. 2: UV spectra of unfermented, unripe plantain fruit extract 
(a) 0 h, (b) 48 h and (c) 96 h

the focus of this study will   be  based  on  the  lambda range
of  Band  I.  From  the  UV  spectra, quercetin is  present  in
both   unfermented  and  fermented  M.  paradisiaca  extract.
In     addition    to    the     quercetin.     Quercetagetin      and 3-
hydroxyflavones were detected in  48  and  96  h  fermented
M.  paradisiaca  extract, but not in the unfermented sample.
Other than the modified flavonoids molecules mentioned, two
other flavonoids derivatives were detected and p-coumaric
acid.

Figure 3   depicts  the   free-radicals   scavenging  profile 
of  M.   paradisiaca   fruit  extract in fermented and
unfermented forms. Significant (p<0.05) percentage increase
in free-radical scavenging potentials  in  was  observed in
FRAP, DPPH, H2O2 and FTC as the fermentation period
continued to 96 h.

Figure 4 showed the percentage inhibition potential of
peroxidase, nitric acid, Thiobarbituric acid (TBA) and total
antioxidants.    Significant    (p<0.05)    percentage  increase  in
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Fig. 3: FRAP, DPPH, H2O2 and FTC level in plantain fruit

Fig. 4: Peroxidase scavenging power, nitric acid, TBA and total antioxidants of plantain fruits 

free-radical scavenging potentials was observed across the
board. The order of increase is unfermented >48 h fermented
>96 h fermented sample.

DISCUSSION

The results of this study showed that the dominant
organisms       involved    in    the    fermentation    of    unripe
M.  paradisiaca  fruit are non-pathogenic Propionibacterium,
Lactobacillus and Yeast. These identified organisms reported
as producers of short-chain fatty acids, phenethylamine, lactic
acids and few other beneficial components of fermented food
products. Propionic acid is a potent broad-spectrum antibiotic
against molds and aerobic spore-producing microbes and
may as well kept fermented  M.  paradisiaca  extract safe for
consumption23.

This investigation showed that fermentation increased
total protein, insoluble fibre and moisture contents. Increased
protein content recorded may be ascribed to both catalytic
enzymes and other functional proteins secreted by the
fermenters24. The rate of protein content increase recorded
was relatively high within the first 48 h afterward, the rate

decreased relatively through another 48 h. This may be one of
the indices which substantiate the fact that fermenters could
be the major producers of protein within the first few periods
of fermentation process25 while the subsequent increase is
due to proteolytic action vis-a-vis hydrolysis of conjugated
peptides in plantain into oligopeptides or short-chain
peptides  such as; angiotensin-I converting enzyme (ACE-I)
inhibitor26. This further suggests that protein produced by the
fermentation process may be much more than just nutritional
benefits. An investigation by Faipoux et al.26 revealed yeast
protein plays the role of signal inducer in regulating dietary
patterns by enhancing satiety. Hence, fermented plantain
extract may play an important role in ameliorating life-style
induced metabolic syndrome and as well as reduce ROS
generation. FitzGerald et al.27 proposed that a group of
peptides can lower the blood pressure in hypertensive
patients. 

Dietary fibre is a collective term for indigestible
polysaccharides but can be hydrolyzed by fermentation. It
includes insoluble form and the more highly fermentable
soluble type28. This may be responsible for the reduction in
dietary and soluble fibre fraction reported in this work.
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Phenolics and carotenoids consumption is associated
with a reduced risk of cardiovascular and neurological
dysfunctions29. The effect of fermentation on tannin, saponin,
carotenoids, lycopene and  phenolics contents in the unripe
M. paradisica sample in Table 3 showed that tannin and
saponin contents tend to be resistant to fermentation both at
48 and 96 h period. A similar situation was report when
Manihot  esculanta  was subjected to fermentation30. Within
the period of 48 h fermentation polyphenols content could be
four folds higher than the native phenols content and this rate
was sustained for another 48 h. A large number of microbes
including Saccharomyces cerevisiae have been reported to be
responsible for phenolics as well as carotenoids and lycopene
production during fermentation. Shinohara et al.31 reported
that the Saccharomyces species produces phenolics during
wine production by decomposition of ferulic  acid. Also,
studies  have  shown  that  certain  fermenters could
synthesize carotenoids and lycopene32 up to about 60%.
Dharmaraj et al.33 identified Streptomyces strain as one of the
organisms responsible for carotenoids production during
fermentation. According to Kiplamai  et  al.34  fermentation
may    propagate   bioavailability   of   carotenoids  through
bio-transformation and modification to produce more
absorbable ones including fatty acids free and retinol.
Furthermore, this increase may be ascribed to the availability
of hydrolyzed polysaccharides which stimulate microbes to
synthesize carotenoids metabolites35.

FTIR analysis in this study showed that fermentation
significantly modified certain functional groups with respect
to the fermentation time. At 48 h, the modification seems
insignificant, however, at 96 h the FTIR spectra reveal more
structural modification and possible transformation and
production of new bioactive molecules. For example, the
hydroxyl stretch (3394.83 cmG1) in 0 and 48 h substituted with
secondary amine (NH2), while the C=C (mono alkene) bending
(0 h 1635.69; 48 h 1639.55) was transformed into the ring
alkene bending (1618.33) in 96 h fermented sample. This
structural index may in a way emphasize the formation of new
oligopeptides that are probably of great benefit. Lactobacillus
has been reported as one the major player in bioactive
oligopeptides production during fermentation36. Bioactive
oligopeptides has been reported to display distinctive
biological functions like Angiotensin Converting Enzyme (ACE)
inhibition, mineral chelation, satiating, immunomodulating,
antioxidant as well as antimicrobial activities37. 

According to Rio et al.38 less than 10% of native
polyphenols are absorbed while the remainders are

metabolized  in  the  colon  by  the   fermenters  (microbiota)
to produce a more absorbable form called Polyphenol
Microbial Metabolites (PMMs). Thus, it promotes polyphenols
bioavailability, distribution in the body as well as free-radicals
scavenging potential39.

The UV-Vis analysis of the fermented  M.  paradisiaca  fruit
extracts was analyzed between 200-380 nm. Table 2 shows
that absorption  peaks  of  the  fermented sample compared
to unfermented extract. The UV  analysis recorded quercetin
in both unfermented and fermented  M.  paradisiaca  fruit
extracts.  Quercetagetin, a derivative of quercetin revealed in
48 and 96 h sample could be attributed to the oxidative effect
of fermenters on quercetin to form a more potent antioxidant
molecule. Also, the fermentation process seems to have
converted some of the flavonoids to flavones in fermented
samples. Ninety-six  hour  fermentation  process  seems to
have a distinctive impact on unripe M. paradisiaca fruit as a
new bioactive molecule (p-coumaric acid) was recorded at
lambda max 308.60. It is noteworthy to state that p-coumaric
acid is a precursor of apigenin. Liu  et  al.40  reported  that the
p-coumaric level was increased during the fermentation of
Jogi fruit.

Oxidative stress occurs when free radicals overwhelm the
endogenous antioxidant system, in turn, results in cellular
damage amongst other  complications41.  The  selected array
of   free   radicals   scavenging  potentials  of  the  fermented
M.  paradisiaca  fruit extract in Fig.  1  and  2  showed  that
both 48 and 96 h fermentation periods significantly scavenged
all of the free radicals when compared with the unfermented
extract. The increased antioxidant capacity may be attributed
to the increased phenolics reported in this study42. The
structural modification recorded in the FTIR spectrum (Fig. 1),
as well as the formation of new phenolics compounds shown
in the UV spectrum (Fig. 2), may also have enhanced overall
antioxidant potential. Also, the ratio of OH (hydroxyl) group to
the size of the phenolics compound may have propelled the
antioxidant potential of the fermented samples both at 48 and
96 h. According to a comparative study carried out on
quercetin and apigenin, apigenin showed high potency over
quercetin43 and it was also documented that apigenin has
higher bio-absorbability as over 51% of it could easily be
excreted via urine44 hence; its toxicity potential could be lower
than quercetin which is present in the unfermented extract.
The overall increase antioxidant power recorded in the
fermented unripe plantain suggests that there is a strong
correlation between increase phenolics compound and
antioxidant potential recorded40.
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CONCLUSION

This study showed that the antioxidant potential of
unripe M. paradisiaca could be greatly amplified through
fermentation; hence the formation of a new compound could
be the key behind these potentials. Aside from the
antioxidants properties, fermented unripe plantain could be
a potential source of antimicrobial agents as it could not
tolerate the growth of some pathogenic organisms. In
addition, oligopeptides formation through fermentation of
unripe plantain suggests a novel tool for the biosynthesis of
biologically active signaling compounds for remediation of
chronic diseases including the terminal ones like cancer. 

SIGNIFICANCE STATEMENT

The study revealed the potential capacity of fermentation
in the enhancement of bioactive compounds with
concomitant formation of new compounds majorly
nutraceutical. This could be the reason for medicinal and
nutritional values of fermented unripe plantain used in the
treatment unripe plantain used in the treatment of
degenerative oxidative stress diseases. Thus, this study will be
of immense importance to scientific world, especially food and
nutrition scientist; food, pharmaceutical and nutritional
industries and academia at large.  
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