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Research Article

The banana pseudostem and rhizome which are considered to be of little or no importance is often discarded as waste after the fruit is being 
harvested, thereby constituting a menace to the environment. This study was therefore designed to determine the nutritional compositions 
and antioxidant activities (AA) of banana (Musa sp.) pseudostem (BP) and rhizome (BR) as possible sources of nutrients in formulating food 
for human and animal feeds. Samples were collected from Amogera district, Gurage Zone of Southern Ethiopia. The determinations were done 
using standard methods of analyses of Association Official Analytical Chemists (AOAC), Atomic Absorption Spectrophotometric (FAAS) for the 
proximate and minerals respectively. Total phenolic content (TPC), and total flavonoid content (TFC) of the extracts were determined by using 
Folin-ciocalteau and AlCl3 methods respectively, and the AA was determined by using 2, 2-diphenyl- 1-picrylhydrazyl (DPPH) assay. A 0.50 g an 
oven-dried sample was wet-digested using 3 mL of (69 - 72%) HNO3 and 3 mL of (70%) HClO4, for 2 h at 270 OC. The validity of the optimized pro-
cedure was evaluated by the analysis of spiked samples whose recovery was in the range of 94 - 99%. The mean proximate composition ranges 
were recorded in BP and BR (%), respectively moisture (7.5 - 10.97), ash (8.23 - 9.03), crude protein (0.88 - 0.33), crude fat (1.8 - 2.66), crude fiber 
(6.12 - 10.12) carbohydrate (64.69 - 74.64). The mean mineral contents ranges (mg/kg), Ca (61.84 - 58.75), Cd (0.0183 - 0.018), Zn (59.60 - 56.92). 
The concentration of Ni, Cr and Pb metals in BP and BR samples were below the detection limit. The concentration of Ca was the highest in 
both BP and BR. Among the trace elements, Zn was found to be the highest. The methanol extract of BR showed higher TPC and TFC (560.2 
mg GAE/g and 405.12 mg QRE/g of extract respectively) and methanol extract of BR showed the highest DPPH radical scavenging activity (IC50 
= 58.9 μg/mL). BP and BR can be sources of nutrients in food, animal feed nutraceuticals preparation, as they are high in carbohydrate, fiber, 
essential mineral contents and antioxidants. This will result in proper banana wastes utilization and help in solid waste management, thereby 
sustaining the environment.

Introduction
Fruits and vegetables play nutritional roles to support life because 
they contain a wide range of nutrients such as protein, carbohydrate, 
fat or lipid as macronutrients and vitamins, minerals, water and fiber 
as micronutrients. Furthermore, they contain compounds including 
the antioxidants such as phenolic and flavonoids. In addition, fruits 
and vegetables are important sources of essential elements, which 
play vital roles in the proper development and good health of the body 
[1, 2]. Banana is one of the world's most important fruit crops grown 
by small and large-scale producers with production occurring in more 
than 130 countries[3]. Banana (Musa sp.) is a crop of major economic 
importance in the world. It represents the world’s largest fruit crop 
with an annual production more than 107,000,000 metric tons in 2013 
[4]. Banana has multi-purpose uses as food, feed, cash source, environ-
mental conservation, medical aspects and ornamental uses[5]. It plays 
an essential role in human nutrition and diet. It is the most nourishing 
fruit as it is a good source of potassium, magnesium, copper, manga-
nese, vitamin C and B6. Banana is also a good source of energy, low 
in protein and fat content and has several medicinal properties [6]. Its 
attractive texture and flavor make banana popular by the consumers 
its year round availability, attractiveness, flavor, affordability, varietal 



International Journal of Nutritional Science and Food Technology Volume 5 Issue 9, October 2019

Citation: Wondimagegne Mamo et al. (2019), Nutritional Compositions and Antioxidant activities of banana Pseudostem and RhizomeAdnan. Int J 
Nutr Sci & Food Tech. 5:9, 65-74

range, taste, nutritive and medicinal value makes it the favorite fruit 
among all classes of people [7]. The all year round fruiting habit of ba-
nanas puts the crop in a superior position in bridging the ‘hunger gap’ 
between crop harvests. It, therefore, contributes significantly to food 
and income security of people engaged in its production and trade, 
particularly in developing countries. In Africa, it provides more than 
25% of the carbohydrate requirements for over 70 million people [8].
Banana has been cultivated for several years as a garden plant in Ethio-
pia. Currently, banana is a widely produced crop both in home gardens 
and in commercial farms, particularly in southern and south- west-
ern parts of Ethiopia [9]. The production is also expanding recently to 
north-west parts of the country at districts like Metema [10]. However, 
the majority of banana in the market is coming from southern part of 
the country. According to CSA [11], banana is number one fruit crop in 
Ethiopia in terms of area coverage with more than 53,956.16 hectares 
and production of 478,251 tones, respectively, in 2014/15. Banana plan-
tations face the problem of disposing the pseudo stem and rhizome 
which goes as a waste after harvesting of banana bunches. In a hect-
are, on an average, about 60 to 80 tones are of pseudostem alone [12].
Thus 377,000,000 tones are disposed in Ethiopia. These disposal meth-
ods generate a large amount of carbon dioxide, methane, hydrogen 
sulfide, and associated unpleasant odors. This disposal of approaches 
could also lead to an outbreak of banana fusarium wilt caused by fusar-
ium oxysporum f sp. Cubense, one of the most series fungal diseases 
affecting banana production and thus agricultural residues represent 
disposal problem because they can lead to environmental pollution 
and biomass spoilage [13-15]. It is therefore advantageous to make use of 
the banana pseudostem  and rhizome the same time prevents related 
environmental and ecological issues.

The promotion and consumption of under-utilized banana pseudostem 
and rhizome provides a cheap source of nutrients that can improve 
the nutritional status and health benefit of both human and livestock 
with sound environmental waste management. After harvesting the 
fruit bunch of banana, huge plant bio-waste is generated, out of which 
pseudostem (30.81%) and rhizome (12.67%) together they contribute 
43.48 per cent of the banana plant biomass. Currently, less than 2% of 
pseudostem production is used for human consumption and for the 
production of fiber, the remaining are incinerated and wasted. Use of 
rhizome as seed material is highly discouraged due to advance in bio-
technology in particular tissue culture, producing an adequate supply 
of disease free, high yielding tissue culture plantlets. Thus, resulting 
in an increase in underutilized or unexploited biomass in tandem with 
pseudostem and rhizome of the banana plant [16]. Considering the up-
surge in the prices of foods and feeds and their increasing demand, 
this study was conducted to provide information about the nutritional 
compositions and antioxidant activities of banana (Musa sp.) pseu-
dostem and rhizome which is often ignored and considered as waste 
could be domesticated for proper utilization as foods and feeds.

Materials and Methods
Description of the sample site ,sample collection and 
processing
Banana pseudostem and rhizome samples were collected from Gu-
rage Zone of Southern Ethiopia (37o 51’7.711’’ North latitude and 7o 
59’57.382’’ East longitude). The area is characterized by mean annual 
temperature of 26.5 0C with an average annual rainfall of 1780 mm. 
The altitude ranges between 1001 and 3400 meters above sea level, as 
indicated in figure 1.

Figure 1: Map of sample the site
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The pseudostem and rhizome of banana was selected randomly from 
mature plants of five farm lands after cutting banana bunches. A to-
tal of 15 pseudostem and 15 rhizomes samples were collected and 
mixed well in two polyethylene plastic bags to get two homogenized 
bulk samples. The soil was removed mechanically and then washed 
with distilled water, while the roots were removed from the plant 
with hands before the samples were cut into pieces. The sample was 
packed in clean polyethylene bags, sealed and transported to the lab-
oratory for processing and analysis.

Pseudostem was processed by peeling off the epidermis (skin) of the 
stem manually with a sterile knife. The peeled pseudostem and rhi-
zome were rinsed with distilled water and cut into small pieces. Both 
samples were then sliced before being air dried for several weeks to 
reduce the moisture content and to get constant weight so that to 
express the result in dry mass basis. The air dried samples were finely 
grounded in blinder and sieved through 0.250 mm sieve. The
prepared samples were kept in dry airtight plastic containers and 
stored in a refrigerator at 40C prior to further analysis. The prepared 
samples for flour preparation are given figure 4 below.

Figure 2: Samples and flours prepared from pseudostem and rhizome

Laboratory Analysis
Samples from the two sources of the plant were analyzed chemically 
for Moisture content, total ash, crude protein, crude fat, and crude 
fiber contents of the pseudostem and rhizome flour were determined 
according to the standard AOAC [2000] method [17].
Moisture and Ash content determination: 3 gram of the samples were 
weighed into the crucible and dried at 105 oC for 3 h AOAC using the 
official method until a fairly constant weight was obtained. Moisture 
content was calculated. 3 gram finely ground sample was weighed 
into a preheated cooled crucible. This sample was  charred  on  a  Bun-
sen  flame  inside  a  fume  cupboard.  The  sample  was transferred into 
a preheated muffle furnace at 550 oC for 3 h until a white or light
grey ash was obtained. It was cooled in desiccators and weighed and 
ash content was calculated.
Determination of crude protein, fat and fiber: The protein content 
of the samples was determined according to the standard method of 
using the Kjeldahl according to the AOAC and The Soxhlet extraction 
method was employed to determine crud fat contents of the sample.
A Soxhlet extractor with a reflux condensers and a 500 mL round bot-
tom flasks were fixed. Two grams (5 g) sample was weighed into a 
labelled thimble. Petroleum ether (300 mL) was filled into the round 
bottom flask. The extractor thimble was sealed with cotton wool. The 
Soxhlet apparatus was allowed to reflux for about 6 h, the thimble 
was removed with care and petroleum ether collected at the top and 
drained into a container for reuse. When the flask was free of ether, it 
was removed and dried  at  105 oC for 1h in an oven, cooled in a desic-
cator and weighed.
The crude fiber was determined according to the AOAC using the of-
ficial method. Petroleum ether was used to defat 2 g of the sample 
and was put in preheated 200 mL of 1.25% H2SO4 and boiled for 30 min-
utes; the solution was filtered through linen or muslin cloth on a fluted 
funnel. It was washed with boiling water until it was free of acid. The 
residue was returned into 200 mL boiling NaOH and allowed to boil for 
30 minutes. It was further washed with 1% HCl boiling water, to free 
it of acid. The final residue was drained and transferred to silica ash 
crucible (porcelain crucible), dried in oven to a fairly constant weight 
and cooled.

Antioxidant properties of pseudostem and rhizome
Preparation of flour extracts: After harvesting the fruit bunch, the 
pseudostem and rhizome were removed from the soil, washed, sliced 
and dried in hot air oven at 450C for 72 h and powdered to 0.250 mesh 
in the grinder. The sequential extraction was carried out with the same 
powder using solvents of increasing polarity. A 5 g of the powdered 
pseudostem and 5 g of powdered rhizome were placed in 1000 mL 
conical flask and were dissolved in 100 mL of different solvents (petro-
leum ether, Chloroform, aqueous: methanol ( 20:80 v/v), and metha-
nol ) at room temperature (20 ± 50C). The contents were kept in orbital 
shaker for overnight at room temperature. The extraction process 
was repeated four times (50 mL x 4) to get the maximum extraction. 
Thereafter, each extract were filtered using Whatman no.1 filter paper 
and then the residue was added to 50 mL (Aqueous: methanol (20:80, 
v/v), methanol, water, and chloroform shacked for two hours and then 
filtered, and evaporated to dryness under vacuum at 40 oC by using a 
rotary evaporator. The extraction was done in triplicate for each sol-
vent and the resulting solids were stored in a sealed plastic container 
at 4oC until further investigation.
Determination of yield extraction
The percentage yield of the extracts was obtained using the formula:
% Yield of extract =          w2−w1
                                                   wo
Where W2 is the weight of the extract and the container, W1 is the 
weight of the container alone and W0 is the weight of the initial dried 
sample. Then the extraction yield was expressed in terms of a milli-
gram of dried extract per gram of dried material (mg/g).
Determination of Total Phenolic Content (TPC)
The TPC in pseudostem and rhizome extracts was determined by the 
Folin-Ciocalteau Colorimetric method [18]. Using (20-160] µL (1 µg/mL 
stock) of extracts. In brief, 100 µL (1 mg/mL stock) of pseudostem ex-
tracts were mixed with 1 mL of 2% aqueous sodium carbonate solution. 
After 3 min, 1000 µL of 50% Folin-Ciocalteau phenol reagent was added 
to the mixture. After 90 min of incubation at room temperature, ab-
sorbance was measured at 760 nm against a blank using UV–visible 
spectrophotometer. TPC was calculated from the calibration curve of 
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Gallic acid and expressed as the means (± SD) mg of Gallic acid equiv-
alents per gram of extract (mg GAE/g). Y =0.052x + 0.043, R2 = 0.99 
as shown in appendix II. The Total content of phenolic compounds in 
plant extracts in Galic acid equivalents were calculated by the follow-
ing formula equation,

C=   cxv
          m
Where: C = total content of phenolic compounds, mg/g plant extract, 
c = the concentration of Galic acid established from the calibration 
curve, mg/mL; V = the volume of extract, mL; m= the weight of pure 
plant extract, g.
Determination of Total Flavonoid Content (TFC)
Total flavonoid content was measured by the aluminum chloride col-
orimetric assay [19] with a slight modification. 1 mL of a properly di-
luted dried extract of pseudostem and rhizome was mixed with 4 mL 
of distilled water. Initially 0.3 mL of (5% w/v) NaNO2 was added. After 
3 min, 0.3 mL of (10% w/v) AlCl3 was added. After 6 min, 2 mL of 1 M 
solution of NaOH were added. After that, the volume was made up 
to 10 mL, immediately, by the addition of 200 mL of distilled water. 
The mixture was shaken vigorously and the absorbance of the mixture 
was read at 517 nm. A suitable calibration curve was prepared using a 
standard solution of Quercetin and the results were also expressed on 
a dry weight basis as mg equivalents (QRE)/g of sample Total content 
of flavonoid compounds in plant extracts in Quercetin equivalents was 
calculated by the following formula equation,
C= cxv
       m
Where: C = total content of flavonoid compounds, mg/g plant extract, 
c = the concentration of Quercetin established from the calibration 
curve, mg/mL; V = the volume of extract, mL; m =2 the weight of pure 
plant extract, g. Y = 0.0079x - 0.0761, R = 0.99
Antioxidant activity tests
In order to investigate the antioxidant properties of pseudostem and 
rhizome of the methanol solvent extracts, 2, 2- diphenyl-1-picrylhy-
drazyl (DPPH) assay. This method was selected because it is a rapid, 
simple and inexpensive method used for the assessment of radical 
scavenging activity is the DPPH assay or 2, 2 Diphenyl-1-picrylhydrazyl 
radical scavenging capacity assay.
DPPH (1, 1-diphenyl-2-picrylhydrazyl) assay
The DPPH free radical scavenging activity of the extracts of pseu-
dostem and rhizome were assayed according to the method [88], 
with slight modification. Different concentrations (20 - 160 µg/mL) of 
the extracts were taken in different test tubes. Freshly prepared DPPH 
solution (2 mL, 0.006%, w/v) was prepared in methanol was added in 
each of the test tubes containing 1 mL of the extract. The reaction mix-
ture and the reference standards (L-Ascorbic acid) were vortexes and 
left to stand at room temperature in the dark for 30 min. The absor-
bance of the resulting solution was then measured at 517 nm. Metha-
nol was used as a blank. The ability to scavenge the DPPH radical was 
calculated by using the following equation:

Where Ac is the absorbance of the control and As is the absorbance 
in presence of the sample of the extracts. The antioxidant activity of 
the extract was expressed as IC50. The IC50 value was defined as the 
concentration (in μg/mL) of extracts that scavenges the DPPH radical 
by 50%. The high IC50 value indicates less antioxidant capacity
Characterization of pseudostem and rhizome flour
The morphology, as well as, the chemical composition of flour was 

DPPH scavenged = Ac-As* 100
                                          Ac

characterized by X-ray diffraction (XRD), Scanning electron Micros-
copy (SEM), Energy dispersive x-ray analysis (EDX) and Flame Atomic 
Spectrophotometry (FAAS), UV-VIS, Fourier Transform Infrared spec-
troscopy (FTIR).
Statistical Analysis: All experiments were performed in triplicates. The 
results obtained in the present study are represented as the mean val-
ues of three individual replicates ± standard deviation (SD). The signif-
icant differences between mean values were determined by the t-test 
at a significance level of p < 0.05, Origin 6.0 statistical software, and 
Chem Draw Ultra 8.00 software also used
Results And Discussion
Nutritional value of pseudostem and rhizome
As indicated in Table 1 below the proximate compositions of the pseu-
dostem and rhizome samples. As indicated, pseudostem had high-
er content of moisture, fat, protein and crude fiber (10.97%, 2.66%, 
3.33%, and 10.12 respectively), than rhizome, but a lower level of car-
bohydrate (64.69%). However, by comparison, the moisture content 
of both pseudostem and rhizome flour were lower than commercial 
wheat flour, which had a value of 12.36% [20]. The moisture content of 
the flour product has a critical influence on storage stability. In addi-
tion, textural quality, chemical and biochemical reactions, as well as 
microbial growth rates are greatly affected by the moisture content of 
food products [21]. Numerically the proximate (moisture, crude protein, 
crude fat, crude fiber) composition of pseudostem is higher than the 
rhizome except for the energy, starch, and carbohydrate contents. To 
check whether there is a significant difference or not in the proximate 
compositions of pseudostem and rhizome t-test was used. So as it can 
be seen from Appendix III table 2, the statistical t-test result at 95% (p 
< 0.05) revels that there is a significant difference between the prox-
imate composition of pseudostem and rhizome samples except ash 
content.
The fat content of pseudostem and rhizome flour was found to be 
2.66% and 1.8%, respectively. These values for pseudostem were al-
most similar to those reported by others for banana flour prepared 
from the whole fruit (pulp and peel) of unripe banana, which had a 
fat content of 2.7% however, if we compare these result with that of 
enset (Ensete ventricosum) the results were greater than enset, which 
had a fat content of (0.41% and 0.36%) for rhizome and pseudostem 
respectively [22, 23].
The protein content of pseudostem and rhizome was lower (3.33% and 
0.88%, respectively), compared to wheat flour (13.31%) as reported by 
[20], and the protein content of enset was greater than that of pseu-
dostem and rhizome (33% and 3.36%) respectively [23].
Ash content determination indicated that rhizome (9.03 %) contained 
was higher mineral levels than pseudostem (8.23%). The ash content 
determined by Mohammed [93], was almost similar to enset (8.17%, 
7.47%) rhizome and pseudostem respectively. The ash content in ba-
nana and plantain peels (6.4–12.8% dry matter) was composed of high 
levels of potassium, magnesium and calcium [24].
Pseudostem and rhizome were composed of 10.12% and 6.12% crude 
fiber, respectively. There was lower content of crude fiber in rhizome 
compared with pseudostem. The fiber content in the pseudostem and 
rhizome (Table 1) was too low, so it a suitable fodder for ruminants; 
there should be at least 16 to 18% fiber to not cause digestive problems 
[24]. The high Dietary fiber content adds bulk to our diet can be helpful 
in controlling weight because it makes one feel full faster. Fiber aids 
digestion helps prevent constipation and is sometimes used for the 
treatment of diverticulosis, diabetes, and heart disease [25]. The pseu-
dostem and rhizome samples were high in carbohydrate content and 
can be good sources of energy for the animals. Banana pseudostem 
flour is potentially suitable for use in food applications as a new calo-
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Composition (%) Banana (Musa sp.) The Enset [90], AOAC method, dry weight

present work basis

Pseudostem Rhizome Pseudostem Rhizome wheat flour[93]

Moisture 10.97 ± 0.104 7.500 ± 0.014 12.36

Fat 2.66 ± 0.015 1.800 ± 0.001 0.410 0.370

Protein 3.33 ± 0.269 0.880 ± 0.065 3.330 3.650 13.31

Ash 8.23 ± 0.836 9.030 ± 0.817 8.170 7.470

Crude fiber 10.12 ± 0.048 6.120 ± 0.012 5.650 7.510

Total carbohy-
drate

64.69 ± 0.000 74.640 ± 0.000

Energy Kilocalo-
rie/100 g)

279.8 ± 3.593 299.6 ± 2.083

Values are expressed as the mean ± SD (n= 3)
Table 1: Proximate composition of samples components as percentage of dry weight

Determination of essential and non-essential metals in pseu-
dostem and rhizome
Accumulation of element in the plant depends not only on their abso-
lute content in the soil but also on the level of soil fertility, acidic-al-
kaline, reductive-oxidative condition, and content of organic matter. 
Hence the uptake of elements and their utilization by living cells de-
pends on the chemical and physical properties of each element [26]. In 

this study, the concentration of six metals, essential (Ca, Cr, Ni and 
Zn) non-essential (Pb and Cd) in the pseudostem and rhizome were 
determined by FAAS using four points external calibration curve. Thus, 
the results showed that the samples had a variable composition of 
each analyte metals with a wide range of concentrations. Among the 
identified six elements, three (Ca, Zn, and Cd) were found to be above 
method detection limit, three were (Cr, Pb and Ni) below the detec-
tion limit. The results are shown in table 2 with their respective SD.

Powdered
sample

Concentration of Metals (mg/kg) Values in the Samples (Mean ± SD

Ca Cd Zn Ni Pb Cr

Pseudostem 61.84 ± 0.023 0.0183 ± 0.001 59.60 ± 0.001 BDL BDL BDL

Rhizome 58.75 ± 0.001 0.018 ± 0.001 56.92 ± 0.041 BDL BDL BDL

BDL = below detection limit
Table 2: Mean Concentration (X ± SD, mg/kg dry weight) of essential and non- essential metals.

Levels of essential and non-essential metals in pseudostem 
and rhizome Sample
Pseudostem contains more concentration of calcium than those met-
als being analyzed in this study (Cd and Zn). As shown in table 6 the 
amount of calcium in banana pseudostem was 61.84 mg/kg among the 
essential micro elements zinc was detected at the highest level (59.60 
mg/kg). The level of cadmium was generally lowest compared to any 
other metals studied in this experiment. The concentration of toxic 
metals, Cd and Pb, Pb was found below detection limit but Cd was very 
low i.e. 0.0183 mg/kg. This indicates that, the banana pseudostem was 
safer for consumption with respect to analyzed metals. As can be seen 
in table 6 the concentration pattern of metals in this sample follows 
the order (mg/kg) Cd (0.0183) < Zn (59.60) < Ca (61.84).
The results of analysis rhizome showed that calcium was highest with 
identified macro nutrient metals concentration 58.7500 mg/kg. Of 
all the micro nutrients, zinc concentration was found in the highest 
amount next to macro element calcium. The trend of occurrence of 

metal concentration in rhizome. In the order of (mg/kg) Cd (0.0183) 
<Zn (56.92) < Ca (58.75). When compared to enset (Enset ventricos-
um) it contains high amount calcium (36.1 - 39.1 mg/kg), Zn (0.119 - 
0.423 mg/kg), Cd (0.0006 - 0.001.8 mg/kg) [106]. Pseudostem and rhi-
zome also contains 116.0, 90.0 mg/ kg Zn respectively [23].
Between the pseudostem and rhizome, pseudostem contain high-
er value of calcium (61.84 mg/kg). Zinc was at higher concentration 
among micro metals (59.60 mg/kg). But cadmium was found to be the 
least in concentration (0.018 mg/kg). Cr, Pb and Ni were not detected 
in both the pseudostem and rhizome. Generally, the concentration of 
metals in both pseudostem and in the rhizome are in the order of (mg/
kg) Cd (0.0183) < Zn (59.60) < Ca (61.84). The results of the analysis 
indicate that the pseudostem and rhizome accumulate high amount of 
calcium, which is very important in the formation of strong bones and 
teeth, for growth, blood clotting, heart function and cell metabolism 
[27]. Numerically the concentration of Ca, Zn, and Cd in the pseudostem 
is greater than banana rhizome. To check whether there is significant 
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difference or not between metal concentrations in pseudostem and 
rhizome samples t- test was used. So it can be seen from Appendix 
III table 3, the statistical t-test results at 95% (p < 0.05) reveals that 
there is a significant difference between the metal concentration of 
pseudostem and rhizome samples except Cd. Banana pseudostem and 
rhizome contains high amount of essential Minerals like calcium [28].
Distribution pattern of essential and non-essential metals in pseu-
dostem and rhizome
The results of total contents of the studied selected essential and 
non-essential metals in pseudostem and rhizome sample shows the 
ability of the plant to accumulate high amounts of both macro and 
micro nutrient elements in both pseudostem and rhizome. The most 
abundant metal among the macro elements was calcium, whereas Zn 
content of the pseudostem and rhizome was the predominant among 
the tested micronutrients metals. In the analyzed banana pseudostem 
and rhizome, Cd was the least and Cr, Ni and Pb were found to be 
below the method detection limit. The concentration of metals de-
termined in banana pseudostem and rhizome samples indicate that 
calcium is highly absorbed by banana pseudostem and rhizome while 

Cd was the least absorbed in pseudostem and rhizome. As shown in 
table 6, 61.84 and 58.75 mg/kg dry weight of calcium was determined 
in pseudostem and rhizome respectively.
Comparison of current results with literature report
The concentration of metals in plants were highly essential for good 
health of animals and  human beings. But the metals should be within 
permissible limits as recommended by FAO/WHO and other standard 
providing bodies. Concentrations higher or lower than the recom-
mended limits have adverse effects on health[29]. It is also known that 
in addition to the development of varies diseases, unbalanced concen-
tration of heavy metals in a human body affects general health, growth 
and social behavior of human beings. Furthermore, their abnormal 
concentration disturbs the rate of body growth and mental develop-
ment[30]. The levels of heavy metals determined in the analyzed sam-
ples were found to be below the permissible limit set by FAO/WHO; 
hence, the concentration of these heavy metals in the pseudostem 
and rhizome analyzed, may not present pose a health hazard to the 
population and can as well serve as good and dependable sources of 
essential trace metals to the human population and animal feed and 
some of the comparisons are given Table 3 below.

Metals Present study MPL (mg/kg) Plant type The MPL is set by Reference

pseudost em Rhizome

Ca 61.84 58.75 - Medicinal plant - -

Zn 59.60 56.92 99.4 Medicinal plant WHO [103]

Cr ND ND 0.002 Medicinal plant Canada (2005) [104]

Pb ND ND 0.0015 Medicinal plant Not justified [105]

Ni ND ND 0.002 Medicinal plant Nigeria (214) [106]

Cd 0.00183 0.0018 0.003 Medicinal plant China (2005) [107]

MPL= maximum permissible limit
Table 3: Comparison of current results with literature report

Literature information were not found for the maximum permissible 
limit of heavy metals for banana pseudostem and rhizome. Therefor 
comparison was made with standard sets for other medicinal plants. 
The level of metals found in the pseudostem and rhizome samples 
were below the maximum permissible limit set for medicinal plants 
according to the international standards for heavy metals. From this, 
it can be inferred that currently there is no health risk associated with 
heavy metals during the consumption of pseudostem and pseudostem 
from the sample site.
Antioxidant Activities of pseudostem and rhizome
Yield of different solvent extracts
The polyphenolic compounds resulted in extraction of different sol-
vents are given in table 4. In this table, it is clearly seen that differ-
ent solvents had different abilities to extract substances from pseu-
dostem and rhizome. Aqueous: methanol (20: 80 v/v) had the highest 
extraction yield of pseudostem and rhizome (2.450 and 2.200% w/w 
respectively) followed by petroleum ether (1.560 and 1.330% w/w re-

spectively), and chloroform (0.129 and 2.000% w/w respectively). Sig-
nificant differences in the yield of rhizome and pseudostem extracts 
may be attributed to availability and solubility of extractable compo-
nents in the solvents used for extraction process and differences in 
the yield of rhizome and pseudostem extracts may be attributed to 
availability and solubility of extractable components in the solvents 
used for extraction process and generally, it is known that the yield 
of chemical extraction depends on the type of solvents with varying 
polarities and pH, extraction time, and temperature as well as on the 
chemical compositions and physical characteristics of the sample 
[31, 32]. Numerically the extraction yield of pseudostem and rhizome with 
different solvents varies. To check whether there is a significant dif-
ference or not between extraction yield in pseudostem and rhizome 
samples t- test was used. So it can be seen from Appendix III table 
4, the statistical t-test results at 95% (p < 0.05) reveals that there is 
a significant difference between extraction yields of pseudostem and 
rhizome samples.
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Crude extracts Extract yield (% w/w) Total phenolic content
(mg GAE /g of extract)

Total flavonoid content
(mg QRE /g of extract)

Pseudostem Rhizome Pseudostem Rhizome Pseudostem Rhizome

Aqueous:
methanol(20:80 v/v)

2.450 ± 0.003 2.200 ± 0.022 133.6 ± 7.600 220.1 ±2.311 42.6 ± 0.338 171.9 ±2.445

Methanol 1.000 ± 0.004 0.740 ± 0.004 300.9 ± 1.710 560.2 ±1.356 145.0 ± 3.350 405.1±1.440

Chloroform 0.129 ± 0.002 2.000 ± 0.048 79.90 ± 4.000 119.7±3.880 32.00 ± 3.265 80.00 ±4.080

Petroleum
Ether

1.560 ±0.006 1.330 ±0.005 92.00 ± 2.449 102.0 ±1.633 28.50 ± 1.950 54.00 ±1.630

All the values expressed Mean ± SD of samples analyzed in triplicate measurements. Mean values differ significantly at 
p < 0.05 (t-test); GAE-Gallic acid equivalents, QRE- Quercetin equivalents.
Table 4: Extract yield, TFC and TFC of different solvent extracts from the sample

DPPH (1, 1-diphenyl-2-picrylhydrazyl) assay
Unlike Laboratory generated free radicals such as hydroxyl radical and 
superoxide anion, DPPH radical has the advantage of being unaffected 
by side reactions, like that metal ion chelation and enzyme inhibition, 
a DPPH radical-generating system offers a convenient and accurate 
method for titrating the oxidizable groups of natural and synthetic 
antioxidants [33]. The scavenging activity of pseudostem and rhizome 
extracts were tested using a methanol solution of the ‘stable’ free 
DPPH radical. Rhizome extracts exhibited a strong ability to quench 
DPPH radicals when compared to pseudostem extracts. A methanol 
extract of rhizome and pseudostem presented highest antioxidant 
activity (IC50 value of 58.90 and 87.50 µg/ mL respectively), followed 
by Aqueous: methanol (20: 80 v/v) extract (126.3 and 130.9 µg/ mL re-
spectively). This radical scavenging ability of rhizome and pseudostem 
extracts could be related to the nature and concentration of polyphe-
nolic compounds, thus contributing to their electron. Transfer/hydro-
gen donating ability Antioxidants react with DPPH radical and convert 
it to diamagnetic 2, 2- diphenyl-1-picrylhydrazine molecule. The color 
change degree indicates the scavenging potential of the antioxidant 
extract, which is due to the hydrogen donating ability and in the rad-
ical form this DPPH molecule had an absorbance at 517 nm which dis-

appeared after acceptance of an electron or hydrogen radical from an 
antioxidant compound to become a stable diamagnetic molecule as 
shown in figure 5 below. With this method, it was possible to deter-
mine the antiradical power of an antioxidant activity by measurement 
of the decrease in the absorbance of DPPH at 517 nm [34, 35].
Figure 3 and 4 shows the dose–response curve of DPPH radical scav-
enging activity of the pseudostem and rhizome of chloroform, water, 
methanol, and aqueous: methanol (20:80, v/v) extracts compared with 
L- ascorbic acid. As the concentration of sample increased, the percent 
inhibition of DPPH radical also increased Figure 3. At a concentration 
of 160.0 μg/mL, the scavenging effect of L-ascorbic acid, and pseu-
dostem extracts, on the DPPH radical scavenging decreasing in the or-
der of L- ascorbic acid > methanol > aqueous: methanol (20:80, v/v) > 
petroleum ether > chloroform, which were 73.95% , 64.33% , 57.14%, and 
52.32% respectively. But for rhizome from figure 4, at a concentration 
of 160.0 μg/mL, the scavenging effect of L- ascorbic acid, and rhizome 
extracts, on the DPPH radical scavenging decreasing in the order of 
L-ascorbic acid > petroleum ether > aqueous: methanol (20:80, v/v) 
> methanol > chloroform, which were 73.95%, 70.70%, 63.71%, 58.98%, 
and 50.82% respectively.

Figure 3: DPPH RSA (%) of solvent extracts of pseudostem and control (L- ascorbic acid). Each value is 
expressed as the mean ± standard deviation (n=3)
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Figure 4: DPPH RSA (%) of solvent extracts from rhizome flour and control (L- ascorbic acid). The individual value is expressed as 
the mean ± standard deviation (n=3).

Scanning electron microscopy (SEM)
According to [36, 37], SEM shows arrangement of fibers in a compact 
configuration and preferential alignment parallel to bundle axis. From 

SEM image (Figure 5) the presence of none fibrous material denoted 
by (B) and none fibrous material around encrusted on banana fiber are 
essentially constituted of hemicellulose, lignin and pectin.

Figure 5: SEM image for pseudostem flour.

Figure 6: SEM image for rhizome flour
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Conclusion
The nutritional compositional analysis of the banana pseudostem and 
rhizome indicate that, protein, carbohydrate, and crude fat were high-
er in pseudostem. The order of metals in banana pseudostem detect-
ed in this study is Ca (61.84) > Zn (59.60) > Cd (0.0183). The results of 
this work show that banana pseudostem accumulates relatively higher 
amounts of Ca and Zn among the determined macro- and micro nutri-
ents respectively. In the same way, the order of metals concentrations 
in banana rhizome determined in this study is Ca (58.7) > Zn (56.9) > 
Cd (0.018). This work shows banana rhizome accumulates relatively 
higher amounts of Ca and Zn among the determined macro and micro 
nutrients, respectively. But the study revealed that concentration of 
Cr, Pb, and Ni in banana pseudostem and rhizome were undetectable. 
The levels of heavy metals determined in the analyzed in pseudostem 
and rhizome samples were found to be below the permissible limit 
set by FAO/WHO; hence, the concentration of these heavy metals an-
alyzed, may not present pose a health hazard to the population and 
can as well serve as good and dependable sources of essential trace 
metals to the animal feed. Rhizome extracts exhibited a strong ability 
to quench DPPH radicals when compared to pseudostem extracts. The 
Methanol extract of rhizome and pseudostem presented highest an-
tioxidant activity (IC50 value of 58.90 and 87.50 µg/mL respectively), 
followed by Aqueous: methanol (20: 80 v/v) extract (126.3 and 130.9 
µg/mL respectively).
Finally, the polarity of the solvent affects the efficiency of the ex-
traction, total phenolic content and antioxidant activity of the ob-
tained extracts. This study reveals that Banana pseudostem and rhi-
zome can be exploited used as a potential source for their nutritional 
and antioxidant components in food and pharmaceutical industries.
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