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Nutritive Benefits of Plantain (Musa paradisaica) Grown 
with Sludge Obtained from Wastewater Treatment Plant 
within Port-Harcourt Environment

Abstract
A study on the nutritive benefits of sludge obtained from the wastewater treatment plant to crops within the Port-Harcourt environment was investigated. The proximate composition 
and mineral contents were assessed in the different plantain food samples using standard methods, to know the biochemical impact of the applied sludge on their nutrient values over 
the control. The proximate composition calculated on a dry weight basis revealed an increase in moisture content (5.03%), crude protein (7.41%), crude fibre (3.58%), as well as a 
decrease in crude fat (2.31%), ash content (3.08%), carbohydrate (78.58%), and energy value (364.78 kcal/kg) for the test sample over the control (3.86%, 3.58%, 2.51%, 2.53%, 
3.15%, 84.36%, and 374.57 kcal/kg) respectively. The moisture, crude fibre, protein, carbohydrate and mineral content were significantly different (p<0.05), while lipid and ash content 
showed no significant difference (p>0.05) when compared to their controls. The mineral analysis revealed an increase in iron (Fe) (88.87 mg/kg), potassium (K) (5930.46 mg/kg), 
calcium (Ca) (1783.47 mg/kg), as well as a decrease in sodium (Na) (127.69 mg/kg), phosphorus (P) (0.78 mg/kg), magnesium (Mg) (1000.33 mg/kg), and zinc (Zn) (5.93 mg/kg ) for 
the test sample over the control (55.29 mg/kg, 5086.40 mg/kg, 1736.66 mg/kg, 148.92 mg/kg, 1.13 mg/kg, 1072.25 mg/kg, and 11.12 mg/kg) respectively. These results revealed that 
the plantain food samples grown on the sludge amended soils contains appreciably high protein and mineral content and thus can be recommended as a diet for diabetic patients and 
in combating protein deficiency.
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Introduction

Plantain is said to be among the important staple food crops commonly 
grown in Central and West Africa, and it belongs to the family Musaceae 
[1]. Plantain contributes to food security and employment in rural and urban 
areas [2]. Its inclusion as one of the major and reliable food in equatorial 
Africa is due to the fact that it produces fruits all year round [3,4]. Plantain 
production in Nigeria is on the decline due to the depletion of soil nutrients, 
thus inhibiting the uptake of nutrients by the plants [5,6]. Statistics shows 
that Nigeria is the fifth-highest producer of plantain [7]. Plantain mainly 
comprises of water 60%, carbohydrate 27-31%, protein 2-3%, 1% fat and 
other essential metals [8-10]. Plantain is seen as one of the major sources 
of energy and it is recommended for a low sodium diet [1,8].

The rapid growth rate of Nigeria population and the reckless disposal 
of untreated solid wastes in our rivers present a serious threat to the 
sustainability of our environment and food crops [11]. These threats 
have been reported by various researchers in the developing world as 
detrimental if not solved [12-15], and Nigeria is not left out due to the 
increasing discharge of effluents into our rivers, thus leading to surface 
and groundwater contamination. In underdeveloped countries, wastes 
from city residents are collected and transported to rural areas, where 
they are subsequently deposited over agricultural land without undergoing 
treatments [16]. This practice is reported to have led to hazardous effects 
to man and the environment. Also industrial effluents from industries which 
contain great toxic materials are said to be deposited into the water body, 
thus leading to pollution of the water quality which in turn alter the physical, 
chemical and biological nature of the receiving water body [16]. These rivers 
serve as sources of water for domestic use in the rural and semi-urban 
areas [17]. This declining state of the soil which has led to poor agricultural 
production has been seen as critical problems that need to be tackled [4,18]. 
Most soils in West Africa are deficient in nutrients such as phosphorus and 

nitrogen which results in low productivity [19-21]. Leaching and weathering 
has thus led to the acidic nature of soils and nutrient deficiency within the 
southern part of Nigeria where plantains are grown [22-24].

However, maintaining the declined soil fertility using the very expensive 
inorganic fertilizers is difficult for the rural farmers, hence these solid wastes 
generated daily from our various homes, universities, hotels, markets, etc 
which were disposed off into the sea or land as solid amendment material 
with its negative implication to man and the environment can however be 
converted into valuable products such as sludge (organic fertilizer) for 
replenishing the declined soil fertility and is readily available and affordable, 
renewable source of energy (biogas), and fuels [25]. This study was 
therefore carried out to investigate the potential nutritive benefits of plantain 
grown with natural organic fertilizer (sludge) that can be used to replace 
very expensive artificial inorganic fertilizer with little cost and side effects.

Materials and Methods
Sample collection

Plantain samples (Musa. paradisiacae) were harvested in random 
replicates of three and were bulked to form a composite sample of crops 
per site from the control site (vegetable farm with zero sludge application) 
and the test site (wastewater treatment plant with sludge used as the soil 
amendment), both in Port Harcourt, Rivers State, Nigeria.  

Preparation of sample
They were properly washed under running tap water to remove adhered 

soil particles, and then with deionized water to remove any possible foliar 
contaminants such as pesticides, fertilizers, dust or mud, they were peeled 
and then cut into small pieces using a stainless knife, and oven-dried at 
50ºC for 48 hrs until constant weight was obtained. A measured quantity of 
the dried samples (100 g) was ground into flour using a ceramic mortar and 
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pestle to reduce the dried material to a suitable size. The dried samples 
were stored in a moisture-free environment prior to further digestion and 
analysis [26].
Digestion of sample

A 5.0 g of each dried and crushed plant sample was accurately weighed 
(for wet digestion) into porcelain crucibles. This was burnt slightly for 6 hrs, 
opening the cover for the escape of gases at 500oC. It was also checked 
periodically until a grey-white ash was obtained. The ashed samples were 
allowed to cool and 5 ml of 10% HCl was added to each sample to facilitate 
dissolution, and 5 ml of 10% HNO3 was added thereafter, and set on a 
water bath to dissolve completely. The digest was allowed to cool to room 
temperature and filtered through Whatmann no. 42 filter paper, into a clean 
dried 50 ml standard volumetric flask. Both the dish and the filter paper was 
washed into the flasks, and marked up with deionized water. The resultant 
solutions from the respective digestions were kept in the refrigerator 
prior to metal analysis. The sludge samples were also collected from the 
wastewater treatment plant at Eagle Island off Agip road, all in Port Harcourt 
City Local Government Area, Rivers State.

Analysis procedure
The moisture content was determined using the procedure described 

by AOAC [27]. 2.0 g of sample was weighed into a pre-weighed crucible. 
The sample was then dried to constant weight in the drying oven at 105°C 
for 5 hrs, thereafter; they were removed and placed in desiccators to cool. 
The cooled crucibles were re-weighed. This was done in triplicate. The loss 
in weight after drying was then calculated as the percentage moisture.

The protein content was determined using the procedure described 
by AOAC [27]. 2.0 g of sample was weighed and digested. The digested 
sample was transferred into a 100 ml volumetric flask and made up to 
the mark. 10 ml of the digested sample was distilled with 15 ml of 40% 
NaOH. The distillate was titrated with 0.1 M HCl solution. The titre values 
of the triplicate samples were recorded and the percentage crude protein 
calculated.

1.0 g of dry sample from moisture determination was transferred to a 
22 × 80 mm paper thimble. 150 ml of petroleum ether was added to the 
previously dried and weighed 250 ml round bottom flask and the apparatus 
was assembled. A quick fit condenser was connected to the Soxhlet extractor 
and refluxed for 6 hrs on low heat. The flask was removed and evaporated 
on a steam bath. The flask with the fat was heated for 30 mins in an oven 
at 103°C. The flask and its content were cooled to room temperature in 
desiccators after which it was weighed and percentage lipid calculated.

The ash content was determined by weighing 20 g of sample into a 
previously weighed crucible and placed in the muffle furnace at 550°C for 4 
hrs. The crucible was then cooled in a desiccator and reweighed. The loss 
in weight was then recorded and the ash content calculated.

The crude fibre was determined by weighing 2.0 g of defatted sample 
and transfer into a 750 ml Erlenmeyer flask. 200 ml of boiling 1.255% 
H2SO4 was added and the flask was immediately placed on a hot plate and 
a condenser was connected. The flask was removed at the end of 40 mins 
and the contents immediately filtered through cheesecloth and washed 
with a large volume of boiling water. The washing was continued until the 
filtrates were no longer acidic. The charge and asbestos were scrapped 
with a spatula back into the flask with 1.25% NaOH solution using a wash 
bottle calibrated to deliver 200 ml. The flask again was connected to the 
condenser and boiling was undertaken for exactly 30 mins. The content of 
the flask was filtered through fine linen with large volumes of boiling water 
as before. The residue was transferred to a crucible and washed with 15 ml 
alcohol. The crucible and contents were dried for 1 hr at 100°C, cooled and 
then weighed. The crucible was ignited in the muffle furnace for 30 mins, 
cooled and reweighed. The loss in weight was then determined.

The carbohydrate was calculated by difference according to the 
procedure of AOAC [27].

The caloric value of Musa paradisiacae was calculated using 4, 9, 4 
“Atwater factor”   by Onyeike et al. [28].

The minerals were determined in accordance with standard methods, 
as described by Pearson [29]. It involves ashing dried samples at 550ºC in a 
muffle furnace to constant weight and dissolving the ash in a volumetric flask 
with distilled water (deionized water) and with a few drops of concentrated 
HCl. Phosphorus was determined colorimetrically using LKB Biochrom 
Ultraspec II, (Model 4050, England) with Analytical grade KH2PO4 as 
standard.

The sodium and potassium were determined on Jenway Digital flame 
photometer (PF P7) model. All other minerals were determined by atomic 
absorption spectrophotometry (Perkin- Elmarmodel 403, Norwalk, CT, 
USA).

The results were expressed as mean ± standard deviation of the mean 
(SD) in triplicates. All the data obtained were subjected to the statistical 
ANOVA analysis of the mean, using computer-aided statistical package for 
the social sciences (SPSS) version 20.

Results and Discussion

The results of proximate composition of two plantain food samples 
harvested at the control and test sites are shown in Table 1 and Table 2 
shows the results of selected minerals analyzed in the two plantain food 
samples, while Table 3 shows the Parameters investigated on the sludge 
used in the amendment of the test site.

Table 1. Proximate composition of the plantain samples from the test and control 
sites (%).

Control sample Test sample
Moisture content 3.86 ± 0.20 5.03 ± 0.19*

Protein 3.58 ± 0.23 7.41 ± 0.20*
Lipid 2.53 ± 0.12 2.31 ± 0.18

Ash content 3.15 ± 0.09 3.08 ± 0.05
Crude fibre 2.51 ± 0.00 3.58 ± 0.02*

Carbohydrate 84.36 ± 0.01 78.58 ± 0.47*
Energy value (kcal/kg) 374.57 ± 0.51 364.78 ± 0.77*

Values are expressed as mean ± standard deviation of triplicate determinations 
(n=3). Key: asterisks (*) denotes significant difference at (p<0.05).
Table 2. Selected minerals composition of the plantain samples from the test and 
control sites (mg/kg).

Parameters Control sample Test sample
Fe 55.29 ± 0.07 88.87 ± 0.53*
K 5086.40 ± 0.39 5930.46 ± 0.16*

Ca 1736.66 ± 0.41 1783.47 ± 0.15*
Na 148.92 ± 0.12 127.69 ± 0.37*
P 1.13 ± 0.03 0.78 ± 0.05*

Mg 1072.25 ± 0.04 1000.33 ± 0.58*
Zn 11.12 ± 0.01 5.93 ± 0.06*

Values are expressed as mean ± standard deviation of triplicate determinations 
(n=3). Key: asterisks (*) denotes significant difference at (p<0.05).

The proximate composition of freshly harvested plantain samples in 
Table 1 shows a significant increase (p<0.05) in  the moisture content for 
the test sample (5.03%) over the control (3.86%), which is in agreement 
with works by Eleazu et al. [30]. The moisture content of any food enables 
us to ascertain the shelf-life of the food and drugs, which is an index of its 
water activity and is used as a measure of stability and the susceptibility of 
microbial contamination [31]. This implies that freshly harvested plantain 
samples may have a long shelf-life due to their low moisture content and 
can stand a longer preservation period.



Page 3 of 5

Amad EI, et al. J Environ Anal Toxicol, Volume 11: S6, 2021

There was a significant increase (p<0.05) in the crude protein content 
of the test sample (7.41%) over the control (3.58%) as shown in Table 1. 
The increase in the protein content for the test sample is in agreement 
with several works [8,30-34]. This is also suggestive that the test plantain 
sample can be used in combating protein deficiency [30]. This increase is 
probably due to the uptake of nitrogen inherent in the sludge used in the 
amendment of the soil as shown in Table 3. Plants deficient in nitrogen 
tends to have pale yellowish-green colour (chlorosis), have a stunted 
appearance, and develop thin, spindly stems [35]. The crude protein will 
serve as an enzymatic catalyst, control growth and cell differentiation and 
mediate cell responses [36].

Table 3. Parameters investigated on the sludge used in the amendment of the test 
site.

Experiment Parameters Sludge
Physico-chemical pH 5.86 ± 0.13

Temperature 27.20 ± 0.10ºC
Total Dissolved Solids 

(TDS)
1190.67 ± 19.76 mg/l

Electrical Conductivity 
(EC)

2350.00 ± 19.96 uS/cm

Nutrients Nitrogen (N) 2.63 ± 0.65 mg/kg
Phosphorus (P) 20.32 ± 3.65 mg/kg
Potassium (K) 208.69 ± 0.02 mg/kg

Total organic matter 
(TOM)

0.48 ± 0.04 mg/kg

Heavy metals Zinc (Zn) 31.70 ± 0.04 mg/kg
Lead (Pb) 11.14 ± 0.02 mg/kg
Nickel (Ni) 2.66 ± 0.03 mg/kg

Total organic carbon 
(TOC)

0.28 ± 0.02 mg/kg

Values are expressed as mean ± standard deviation of triplicate determinations 
(n=3).

The crude fat content shows a reduction in the test sample (2.31%) 
though not significantly different (p>0.05) when compared to the control 
(2.53%). The results obtained in this study is in accordance with the 
previous works [32,34,37]. Fats are major structural elements of biological 
membranes of phospholipids and sterols [38]. They have high energy value 
and serve as thermal insulators in the subcutaneous tissues and around 
certain organs [39].

A slight reduction though not significantly different (p>0.05) was 
observed for the ash content in the test sample (3.08%) over the control 
(3.15%). This is in agreement with works by Eleazu et al. [30], which are an 
indication of its level of mineral contents because high ash content suggests 
high mineral composition [40]. Minerals are essential for proper functioning 
of tissues and act as a second messenger in some biochemical cascade 
mechanisms [41].

The crude fibre contents of the test sample (3.58%) showed a 
significant increase (p<0.05) when compared to the control (2.51%). The 
result obtained is higher than the previous works [10,42,43]. Dietary fibre 
decreases the absorption of cholesterol from the gut in addition to delaying 
the digestion and conversion of starch to simple sugars, an important 
factor in the management of diabetes. Dietary fibre contains a portion of 
cellulose and lignin which can be employed in the treatment of diabetes and 
gastrointestinal tract diseases [41].

Dietary fibre also functions in the protection against cardiovascular 
disease, colorectal cancer and obesity [44]. It is increasingly being 
recognized as a useful tool for the control of oxidative processes in food 
products and as a functional food ingredient [1].  And also it infers that 
unripe plantain could be effectively utilized in the management of diabetes 
mellitus, colorectal cancers and weight reduction in obese individuals. This 
finding could be one explanation behind the hypoglycaemic action of the 
flour [45].

The carbohydrate contents showed a significant decrease (p<0.05) in 
the test sample (78.58%) over the control (84.36%). The result obtained is 
higher than the previous reports [30,46]. This indicates that the flour could 
have a low glycemic index when consumed [46] and contains a large amount 
of starch and low sugar in its green stage [30, 8-10,47]. Carbohydrates 
provide readily accessible fuel for physical performance and regulate nerve 
tissues [36]. It also explains the potency of the food to serve as a source 
of fuel and energy for daily activities [48]. There was a significant decrease 
(p>0.05) in the energy value of the test sample (364.78 kcal/kg) when 
compared to the control (374.57 kcal/kg). The result obtained is lower than 
previous reports of (170.65 kcal/100 g) [45]. This result indicates that unripe 
plantain cannot be classified as a high energy food as the energy value was 
observed to be low [45]. They don’t contribute much to the energy content 
Table 2.

Minerals are important in maintaining physiological processes and are 
constituents of the teeth, bones, tissues, blood, muscle and nerve cells in 
animals [49]. The results of mineral analysis of plantain samples in Table 2 
shows a significant difference (p<0.05) in all the minerals when compared 
to their control.

There was a significant increase (p<0.05) in the iron content of the test 
sample (88.87 mg/kg) over the control (55.29 mg/kg), which is higher than 
the previous works [1,8,32].

The potassium obtained in the plantain flour in Table 2 shows a 
significant increase (p<0.05) in the test sample (5930 mg/kg) over the 
control (5086 mg/kg). This is higher than the previous works [1,32].

The calcium obtained in the plantain flour (Table 2) shows a significant 
increase (p<0.05) in the test sample (1783 mg/kg) compared to the control 
(1736 mg/kg), which is higher than the previous works [1,8,32].

There was a significant decrease (p>0.05) in the sodium content of the 
test sample (127 mg/kg) over the control (148 mg/kg) as shown in Table 2. 
This is higher than the previous works [1,8,42,50]. Due to its low sodium 
content, it is thus recommended for low sodium diets [42,50]. There was 
a significant decrease (p>0.05) as shown in Table 2 in phosphorus of the 
test sample (0.78 mg/kg) over the control (1.13 mg/kg) which is lower than 
35.61-59.43 mg/100 g   [1,8]. This decrease is probably due to the utilization 
of phosphorus inherent in the sludge as shown in Table 3 by the soil for its 
amendment. There was a significant decrease (p>0.05) as shown in Table 
2 in the magnesium of the test sample (1000 mg/kg) over the control (1072 
mg/kg) which is higher than 3.56-10.20 mg/100 g [1,8]. Magnesium is a 
cofactor of the glycolytic enzyme hexokinase and pyruvate kinase. It also 
modulates glucose transport across the cell membranes [51,52]. There was 
a significant decrease (p>0.05) as shown in Table 2 in zinc of the test sample 
(5.93 mg/kg) over the control (11.12 mg/kg) which is higher than 3.75-6.23 
mg/100 g [1,8]. Zinc plays a key role in the regulation of insulin production 
by pancreatic tissues and glucose utilization by muscles and fat cells [53]. 
Zinc also influences glyceraldehydes-3-phosphate dehydrogenase in the 
glycolytic pathway [54]. Zinc when taken by mouth in excess (above 25 
mg/ day) over a short period of time can cause stomach cramps, nausea 
and vomiting, while for a longer time, it can cause anaemia and decrease 
the level of good cholesterol [55,56]. Infertility was recorded in rats fed with 
excess doses of Zn. Inhaling large amounts of Zn (as dusts or fumes) can 
cause a specific short-term disease called metal fume fever [57,58]. The 
result of this study revealed an increased amount of Fe, K, and Ca in the 
test sample when compared to the control and a reduction in Na, P Mg and 
Zn. Soil amendments using the sludge improved the growth performance 
of the test sample which resulted in its vigorous growth as well as the 
quality and structure of the arid and non-farming soils to cultivable land. 
This increased the activities of micro and macro organisms in the soil types, 
thus improving soil formation through increasing organic matter content in 
the soil, structure and aeration. This is in accordance with reports by [4,58].

The results of the physicochemical, nutrient and heavy metal 
parameters of the sludge obtained from the wastewater treatment plant are 
presented in Table 3.
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The pH of the sludge obtained from the wastewater treatment plant 
was slightly acidic (<7.0). Temperatures were appreciably uniform, at 27oC, 
in all the samples investigated. The nitrogen, phosphorus and potassium 
concentrations were 2.63 ± 0.65 mg/kg, 20.32 ± 3.65 mg/kg, 208.69 ± 0.02 
mg/kg, respectively which justifies its use as sludge in soil amendment.

Conclusion

The results of this study revealed that crops grown with sludge 
obtained from the wastewater treatment plant in Port-Harcourt used as a 
soil amendment, possesses better nutritive benefits such as an increase in 
protein and iron content over their controls and thus can be recommended 
as a diet in combating protein deficiency. This study was therefore carried 
out to investigate the potential nutritive benefits of plantain grown with 
natural organic fertilizer (sludge) that can be used to replace the very 
expensive artificial inorganic fertilizer with little cost and side effects.
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