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ABSTRACT 
 
 
Ceiba pentandra and Vitex doniana are consumed as vegetable in Benue state 
Nigeria and are reputed to have medicinal qualities. The leaves were processed 
(dried and fermented) and subjected to some analyses. Ceiba pentandra was dried 
(DCP) and fermented for two days (FCP) while Vitex doniana was dried (DVD) and 
fermented for three days (FVD). The proximate composition of the leaves showed 
that both dried and fermented samples are rich in protein (25.31%-30.60%), 
carbohydrate (34.12%-38.66%), crude ash (6.60%-9.75%) and crude fibre 
(13.21%-17.67%). It was also observed that the fermented samples had higher 
mineral and lower phytochemical contents compared to the dried samples. Apart 
from vitamin A and E, all other vitamins analyzed decreased after fermentation in 
both leaves. The leaves exhibited high antioxidant activities against 2,2'-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)(79.17%-85.81%), free radical 
scavenging (DPPH) (59.93%-78.38%) and ferric reducing antioxidant potential 
(FRAP) (18.14 mg/g-25.25 mg/g). In conclusion, this study revealed that 
fermentation may be able to positively alter the nutritional qualities of the leaves. 
 
Key words: Antioxidant, fermentation, minerals, phytochemicals, vegetables, 
vitamins. 

 
 
INTRODUCTION 
 
Ceiba pentandra of the order Malvales and family Malvaceae 
is a giant, fast-growing tree found in the tropical and 
subtropical regions of the World and it is planted as a shade 
tree due to its umbrella-shaped canopies (Mohamed et al., 
2015). It is native to Mexico, Central America, the Caribbean, 
Northern South America, and Tropical West Africa. It is 
known as “Vambe” by the Tiv people of Benue state, Nigeria 
where the leaves are cooked into a slurry sauce and served 
with pounded yam as a delicacy. The different parts of the 
plant have been used in traditional medicine as emetic, 
diuretic and antispasmodic (Lim, 2012; Osuntokun et al., 
2017). It has also been recommended for the treatment of 
diabetics, bronchitis, skin diseases, diarrhoea, dysentery, eye 
diseases, arthritis, insect bite and chronic fever (Elumalai et 
al., 2012; Osuntokun et al., 2017). Also studies from 
pharmacological research indicates that the extract fractions 
and seldom pure compounds from various morphological 

parts of the plant are useful as anti-inflammatory (Alagawadi 
and Shah, 2011) and anti-ulcerogenic agents (Anosike et al., 
2014). Vitex doniana of the genus Vitex belonging to the 
family of Verbenaceae is also another leaf consumed as 
vegetable in Benue state Nigeria and it is called “Hulugh” by 
the Tiv people. It is found in the middle belt of Nigeria 
particularly Kogi, Benue, and parts of the Savannah regions 
of Kaduna, Sokoto and Kano states (Yakubu et al., 2014). 
The hot aqueous extracts of the leaves are used in the 
treatment of stomach and rheumatic pains, inflammatory 
disorders, diarrhoea dysentery and diabetes (Yakubu et al., 
2014). The roots and leaves are used for nausea, colic and 
epilepsy (Ali et al., 2017). In North-Central and eastern parts 
of Nigeria, the young leaves are used as vegetables or sauces 
and porridge for meals, especially for diabetic patients. It is 
also taken to improve fertility and the juice may be squeezed 
into the eyes to treat eye troubles as reported by local users.  
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Before the time of refrigeration, fermentation technique was 
used as a method of preserving foods and drinks. The 
consumption of foods and drinks that have undergone 
fermentation offer health benefits that stretches beyond 
food preservation. The transformation of sugars and 
starches enhances the natural beneficial bacteria in food. 
These bacteria, known as probiotics or ‘good’ bacteria are 
thought to help a multitude of health issues, 
specifically digestive health (Lewin and Kerry, 2018). The 
aim of this study is to determine the effect of drying and 
fermentation on the proximate, mineral, vitamin, 
phytochemical and antioxidant composition of Ceiba 
pentandra and Vitex doniana medicinal plants. 
 
 
MATERIALS AND METHODS 
 
Sources of materials 
 
The young leaves of the plants (Ceiba pentandra and Vitex 
doniana) were purchased from Gboko main market, Benue 
State, Nigeria in December 2019. The leaves were identified 
and authenticated in the Department of Crop Science and 
Pest Management, Federal University of Technology Akure, 
Nigeria. All the chemical reagents used were of analytical 
grade. 

 
 
Dry sample preparation 
 
Ceiba pentandra and Vitex doniana were air dried at 28 ± 2°C 
on clean plastic trays for one week in the Food Science and 
Technology Laboratory of the Federal University of 
Technology Akure. The dried leaves were later separately 
milled into powder with a laboratory blender (model: 
binatone) and sieved using a 2.0 mm stainless steel fine-
mesh kitchen sieve. 
 

 
Fermented sample preparation 

 
Fresh leaves of Ceiba pentandra and Vitex doniana were 
fermented according to the method described by Ifesan et al. 
(2014) with slight modifications. Salt was separately added 
to the samples (2 g of salt to 100 g of vegetable) and mixed 
thoroughly before packing them into separate plastic bucket 
which was covered tightly to serve as fermentation jars. 
Fermentation was allowed to proceed at room temperature 
(28 ± 2°C) for two days for Ceiba pentandra (because the 
leaves are tender) and three days for Vitex doniana. After 
which the samples were air dried at 28 ± 2°C on clean plastic 
trays for two weeks in the Food Science and Technology 
Laboratory of the Federal University of Technology Akure. It 
was then milled with a laboratory blender (model: binatone) 
and sieved using a 2.0 mm stainless steel fine-mesh kitchen 
sieve. 

Determination of proximate composition of Ceiba 
pentandra and Vitex doniana 
 
The proximate composition of the leaves was analyzed to 
determine the availability of moisture, protein, ash, fat and 
fibre using the standard analytical techniques of Association 
of Official Analytical Chemists (AOAC, 2012). Carbohydrate 
was determined by difference (100 - % moisture + % crude 
protein + % crude fat + % crude fiber + % ash) and the 
energy values were calculated by using specific values of 
Atwater factors for protein, fat, and total carbohydrate (fat x 
9 + protein x 4 + carbohydrate x 4 kcal/100 g). 
 
 
Mineral analysis of Ceiba pentandra and Vitex doniana 
 
Sodium (Na), Calcium (Ca), Magnesium (Mg), Cupper (Cu), 
Zinc (Zn), Manganese (Mn), Iron (Fe) and Potassium (K) of 
the leaves were determined by atomic absorption 
spectrometry and spectrophotometry AOAC (2012) and 
Phosphorus (P) by Spectrophotometry. 
 
 
Determination of Quantitative phytochemical of the 
vegetables 
 
The quantitative assay was carried out for Saponin, 
Flavonoid, Tannin, Alkaloid, Cardiac glycoside, Cardenolide, 
Anthraquinone, Terpenoid and Phenol. 
 
 
Saponin content  
 
The method was described by Gupta (2013). Exactly 20 g of 
plant sample was put into a conical flask and 100 ml of 20% 
ethanol was added. The solution was heated over water bath 
at 100ºC for 4 h with continuous stirring at 55ºC. The 
solution was then filtered and the residue re-extracted with 
another 200 ml of 20% ethanol. The combined extracts were 
reduced to 40 ml over a water bath. The concentrate was 
transferred into a 250 ml separating funnel and 20 ml of 
diethyl ether was added to the extract and was vigorously 
shaken. The aqueous layer was recovered while the ether 
layer was discarded and the purification process was 
repeated. Approximately 60 ml of nbutanol was added, the 
combined extract was washed twice with 10 ml of 5% NaCl. 
The remaining solution was heated in a water bath and after 
evaporation the sample was dried in the oven at 105ºC to a 
constant weight. 

 
 
Determination of flavonoid content 
 
The flavonoid content of the leaves was carried out following 
the method of Herboone (1998) and Mayuri (2012). Exactly 
1 g of   each  leaf  sample  was   weighed   into  10 ml  of  80%  

https://www.bbcgoodfood.com/howto/guide/what-are-probiotics-and-what-do-they-do
http://www.nhs.uk/Livewell/digestive-health/Pages/digestive-health.aspx
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Methanol, it was then left to stand for 2 h, filtered into a 
weighed Petri dish and left to dry in the oven at 40°C until it 
attained a constant weight. The weight of the Petri dish was 
recorded. 
 
 
Determination of tannin content  
 
About 100 ml of distilled water was added to 2 g of the 
sample. The solution was kept in water bath at 90ºC for 1 h. 
The mixture was filtered by using Whatman’s paper No. 1 
and the residue was re-extracted again. The two filtrates 
were collected together and allowed to cool down. Distilled 
water was added to the filtrates up to 500 ml. 100 ml of the 
solution transferred to a beaker, and then 10 ml of 40% 
formaldehyde and 5 ml of concentrated sulpheric acid were 
added respectively. The whole mixture was refluxed for 30 
min and was left to cool down. The mixture was filtered and 
the precipitate dried and weighed (Vetter and Barbosa, 
1995). 
 
 
Determination of alkaloid content  
 
Exactly 5 g of each sample was weighed into a 250 ml beaker 
and 200 ml of 10% acetic acid in ethanol was then added, the 
reaction mixture was covered and allowed to stand for 4 h. 
The mixture was then filtered and the extract was 
concentrated on a water bath to one-quarter of the original 
volume. Concentrated ammonium hydroxide was added 
drop-wise to the extract until the precipitation was 
complete. The whole solution was allowed to settle and the 
precipitate was collected, washed with dilute ammonium 
hydroxide and then filtered; the residue being the alkaloid 
was dried and weighed to a constant mass (Mary, 2008). 
 
 
Determination of cardiac glycoside content 
 
The cardiac glycoside content of the samples was 
determined as described by Herboone (1998) and Mayuri 
(2012). Exactly 1 g of each leaf sample was extracted with 40 
ml water and placed in the oven at 100°C for 15 min. 
Approximately 1 ml extract plus 5 ml water to 2 ml Glacial 
Acetic Acid plus one drop of FeCl3 was then added followed 
by 1 ml of Concentrated H2S04. The absorbance of the 
resulting solution was measured at 410 nm. 
 
 
Determination of cardenolide content  
 
About 0.5 g of each sample was weighed into a 100 ml beaker 
followed by the addition of 50 ml of chloroform. Sodium 
carbonate was then added after the complete dissolution of 
the extract in the chloroform to remove any free acid. The 
mixture was transferred into a 250 ml separating funnel and 

shaken thoroughly to allow the two layers to separate. About 
5 drops of acetic anhydride was added, filtered using 
whatman No1 filter paper into a 100 ml volumetric flask and 
then made up to the mark with chloroform. Standard 
calibration solution (5b-Bufa-20, 22 dienolide) at 
concentration 0-10 mg/ml was prepared from 100 mg/ml 
stock solution. The absorbance was read at 510 nm (Edeoga 
et al., 2005). 
 
 
Determination of anthraquinone content  
 
Exactly 50 mg of each sample was soaked in 50 ml of distilled 
water for 16 h. This suspension was heated in water bath at 
70ºC for 1 h, after the suspension was cooled; 50 ml of 50% 
methanol was added to it and filtered. The clear solution was 
measured by spectrophotometer at a wavelength of 450 nm 
and compared with a standard solution containing 1 mg/100 
ml alizarin and 1 mg/100 ml purpurin with the absorption 
maximum at 450 nm (Soladoye and Chukwuma, 2012). 
 
 

Determination of terpenoid content  
 
The leaf extracts 100 mg (wi) were taken and soaked in 9 ml 
of ethanol for 24 h (Indumathi et al., 2014). The extracts after 
filtration, were extracted with 10 ml of petroleum ether 
using separating funnel. The ether extracts were separated 
in pre-weighed glass vials and waited for its complete drying 
(wf). Ether was evaporated and the yields of total terpenoid 
contents were measured by the formula (wi-wf/wi×100). 
 
 

Determination of phenol content  
 
Total phenol content was determined 
spectrophotometrically in the extracts by using Folin–
Ciocalteu method with slight modifications (Gao et al., 2000). 
About 0.04 ml of each extract was added to 1.36 ml of 
distilled water and 0.2 ml of freshly prepared Folin–
Ciocalteu reagent, followed by incubation in the darkness for 
5 min. Then, 0.4 ml of 20% sodium carbonate solution was 
added. The test tubes were stirred using a vortex and the 
samples were incubated at 40°C in the darkness for 30 min. 
The UV–vis spectra of all the samples were recorded against 
the reference solution (zero gallic acid) and the absorbance 
was read at 760 nm. The measurements were done three 
times. For the gallic acid standard, a calibration curve 
(Pearson’s correlation coefficient: R2 = 0.999) was 
constructed and the total level of phenolics for each sample 
was determined in terms of gallic acid equivalents. 
 
 

Determination of antioxidant properties of Ceiba 
pentandra and Vitex doniana 
 
The antioxidant  activity  of  the  vegetable  was  determined 
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using DPPH (2,2-diphenyl-1-picrylhydrazyl), FRAP(ferric 
reducing antioxidant potential) and ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid). 
 
 
Free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
assay 
 
The free radical scavenging activity of each sample was 
evaluated as described by Cuatrecasas and Anfisen (1991) 
and Anosike et al. (2015) with slight modifications. The 
method is based on measurement of loss of colour of DPPH 
solution by the change of absorbance at 517 nm caused by 
the reaction of DPPH with the test sample. To 0.2 ml of 
extract, 2.8 ml of freshly prepared 20 mg/dm DPPH in 
Methanol was added and incubated for 20 min at room 
temperature. Inhibition in % RSC (Radical Scavenging 
Capacity) was calculated as follows: 
 
RSC (%) = (1 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒 ÷ 𝐵𝑏𝑙𝑎𝑛𝑘) × 100  

 
Ablank is Abs for Control while Asample is Abs for test sample. 
 
 
Determination of ferric reducing antioxidant potential 
(FRAP) 
 
The FRAP reagent was prepared from sodium acetate buffer 
(300 mM, and pH 3.6), 10 mM TPTZ solution (40 mMHCl as 
a solvent) and 20 mM iron (Fez ³) chloride solution in a 
volume ratio of 10:1:1. The absorbance was recorded at 593 
nm (Gacche et al., 2010). 

 
 
Determination of 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS)  
 
The method described by Ozgen et al. (2006) was used to 
determine the ABTS scavenging activity of the leaves. ABTS 
was dissolved in 20 mM acetate buffer (pH 4.5) and ABTS+ 
radical was produced by reacting ABTS solution with 
potassium per sulfate. Prior to the assay the ABTS+ radical 
solution was diluted with the 20 mM sodium acetate buffer 
(pH 4.5) to give an absorbance of 0.700±0.01 at 734 nm in a 
1 cm cuvette. The extracts of the leaves were diluted to a 
concentration that can produce between 20% and 80% 
inhibition of the blank absorbance. After addition of 2 ml of 
ABTS.+ solution to various concentrations (0- 200 µl) of each 
extract (1000 µg/ml) from the leaves, the reaction mixture 
was vortexed, allowed to stand at room temperature for 20 
min and the absorbance at 734 nm was recorded. The 
radical-scavenging activity of the extracts were estimated 
based on percentage of the ABTS colour reduction by 
calculating the IC50 (concentration in µg/ml that cause 50% 
inhibition of ABTS+ radicals) using a non-linear regression 
analysis. 

Determination of vitamin A 
 
About 2 g of each sample was mixed with 30 ml of absolute 
alcohol and 3 ml of 5% potassium hydroxide. The mixture 
was boiled gently under reflux for 30 min in a stream of 
oxygen-free nitrogen. It was cooled rapidly by adding 30 ml 
of water and transferred into a separator, where it was 
washed with ether and the vitamin A was extracted by 
shaking for 1 min. It was then washed, evaporated down to 
about 5 ml and the remaining ether was removed in a stream 
of nitrogen at room temperature. The residue was then 
dissolved in sufficient isopropyl alcohol, the extinction was 
measured and the wavelength of maximum absorption was 
used (Abitogun et al., 2010). 
 
 
Determination of vitamin B1 (Thiamine) 
 
About 5 g of each sample was homogenized with 50 ml of 
ethanolic sodium hydroxide. It was filtered into 100 ml 
conical flask, 10 ml of the filtrate was pipetted and the colour 
was developed by the addition of 10 ml of potassium 
dichromate and read at 360 nm. A blank solution was also 
prepared following the method of Okwu and Josiah (2006). 
 
 
Determination of vitamin B2 (Riboflavin) 
 
The riboflavin content of each sample was determined as 
described by Koche (2011). Exactly 5 g of each sample was 
extracted with 100 ml of 50% ethanol, shaken for 1 h and 
then filtered into a 100 ml volumetric flask. About 10 ml of 
the extract was pipette into a 50 ml volumetric flask and then 
10 ml of 5% potassium permanganate along with 10 ml of 
30% H2SO4 was added and allowed to stand over a hot water 
bath for 30 min. Approximately 2 ml of 40% sodium sulphate 
was added and then made up to a 50 ml mark. The 
absorbance was measured at 510 nm using a 
spectrophotometer. 
 
 

Determination of vitamin C (Ascorbic acid) 
 
Ascorbic acid concentrations of the leaves were determined 
according to Böhm et al. (2006) by comparing the 
absorbance of plant tissue extracts at 520 nm with values 
obtained using an L-ascorbic acid standard curve. The 
results were expressed in mg AsA g–1 DW. 
 
 

Determination of vitamin E (Tocopherol) 
 
Exactly 1 g of each sample was measured into 10 ml of 
absolute alcohol with 20 ml of 1 M alcoholic sulphuric acid. 
The unsaponifiable matter was then extracted with diethyl 
ether. The residue was dissolved in 10 ml absolute alcohol, 
the standard and the  sample  were  transferred  and  5 ml  of  
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Table 1: Proximate (%) and Energy Composition of C. pentandraa and V. doniana 
 

Proximate DCP FCP DVD FVD 

Moisture 7.94c ±0.15 13.05a±0.10 9.11b±0.51 12.56a±0.12 

Crude Ash 6.60d±0.09 9.75a±0.07 6.97c±0.06 8.87b±0.15 

Crude Fat 2.82b±0.30 4.26a±0.30 1.25c±0.05 2.36b±0.11 

Crude Fibre 14.65b±0.30 13.50c±0.57 17.67a±0.64 13.21c±0.35 

Protein 30.60a±0.15 25.31c±0.15 28.49b±0.31 24.33d±0.31 

Carbohydrate 37.40b±0.39 34.12c±0.06 36.52b±0.83 38.66a±0.57 

Energy (kcal/100 g) 297.38a±0.28 276.06b±0.17 271.29d±0.40 273.20c±0.33 
 

Means (±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05. DCP : Dry 
Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry Vitex doniana; FVD : Fermented Vitex doniana. 

 
 
 
absolute alcohol was added followed by 1 ml of concentrated 
nitric acid. The absorbance was measured at 470 nm against 
a blank containing absolute alcohol (Frances et al., 2013). 
 
 
Antibacterial assay of processed Ceiba pentandra and 
Vitex doniana 
 
Antibacterial activity of each vegetable extract was tested 
using the Agar Well Diffusion method (Oloyede et al., 2011). 
The prepared culture plates were labelled and inoculated 
with the different selected strains of test organisms 
(Escherichia coli, Bacillus spp., Salmonella spp., Shigella spp. 
and Pseudomonas spp.) using the streak plate method. Wells 
were made on the agar surface with a 6 mm cork borer. The 
extracts were dispensed into the well and incubated at 37ºC 
± 2ºC for 24 h to allow the diffusion of the extract into the 
agar. The zone of inhibition was calculated by measuring the 
diameter of the clear zone around the well. 
 
 
Statistical analysis  
 
Data was generated in triplicates and analyzed using 
analysis of variance (ANOVA) using SPSS version 23.0 
computer program. Means were separated using Duncan 
Multiple Range Test (DMRT) with 95% confidence level (p ≤ 
0.05). The results were expressed as mean ± standard 
deviation (Steele and Torrie, 1980). 

 
 
RESULTS 
 
Proximate composition of Ceiba pentandra and Vitex 
doniana vegetables 
 
The proximate composition of the leaves in Table 1 showed 
that the ash content of fermented C. pentandra (FCP) 
(9.75%) and fermented V. doniana (FVD) (8.87%) were 
higher than the values obtained for dried V. doniana (DVD) 
(6.97%) and dried C. pentandra (DCP) (6.60%). The values 

obtained for crude ash in the samples may be an indication 
of high mineral content in the leaves. The crude fibre of DVD 
(17.67%) was higher than DCP (14.65%), FCP (13.50%) and 
FVD (13.21%). There was no significant difference (p > 0.05) 
between FCP (13.50%) and FVD (13.21%) both of which 
showed decrease in fibre content which may be as a result of 
fermentation. The protein content of DCP (30.60%) is higher 
than DVD (28.49%), FCP (30.60%) and FVD (24.33%). From 
the values obtained for both leaves, it shows that the protein 
content of C. pentandra and V. doniana decreased after 
fermentation. Ferment V. doniana (38.66%) had higher 
carbohydrate content compared to DCP (37.40%), DVD 
(36.52%) and FCP (34.12%), although there was no 
significant difference (p > 0.05) between the carbohydrate 
content of DCP and DVD. The energy value of DCP (297.38 
k/cal) was higher than FCP (276.06 k/cal), FVD (273.20 
k/cal) and DVD (271.29 k/cal). 
 
 
Mineral content of Ceiba pentandra and Vitex doniana 
 
Table 2 revealed that potassium was the most predominant 
macro mineral ranging between 661.9 - 728.2 mg/100 g, 
followed by magnesium (509.4 - 551.7 mg/100 g), sodium 
(205.1 -255.1 mg/100 g), calcium (303.3 - 363.0 mg/100 g) 
and phosphorous (116.6 - 297.8 mg/100 g) while zinc (8.82 
- 11.45 mg/100 g) was the most predominant micro mineral, 
followed by iron (7.6 - 11.3 mg/100 g), copper (1.3 - 3.2 
mg/100 g) and manganese (1.1 - 5.0 mg/100 g). 

 
 
Phytochemical composition of Ceiba pentandra and 
Vitex doniana 

 
The nine phytochemical components presented in Table 3 
showed that the saponin content (44.2 mg/g – 80.00 mg/g) 
was the highest, followed by phenol (35.33 mg/g – 63.17 
mg/g), alkaloid (10.41 mg/g – 50.25 mg/g), tannin (12.08 
mg/g – 14.07 mg/g), terpenoid (9.31 mg/g – 25.54 mg/g), 
cardenolide (3.54 mg/g – 22.31 mg/g), flavonoid (4.03mg/g 
– 10.31 mg/g),   anthraquinone  (1.86 mg/g – 12.76 mg/g) 
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Table 2: Mineral Content (mg/100g) of C.pentandra and V.doniana. 
  

Mineral DCP FCP DVD FVD 

Na 205.1d±1.41 255.1a±1.41 249.1c±1.41 250.9b±1.41 

K 661.9d±1.41 728.2a±3.52 688.1c±2.12 713.1b±1.41 

Ca 303.3d±2.83 363.0a±0.71 304.7c±2.87 326.2b±0.71 

Mg 509.4c±2.12 551.7a±1.41 530.8b±1.41 532.3b±7.42 

P 116.6d±1.77 297.8a±2.26 221.4c±1.27 262.5b±1.41 

Zn 8.82b±10.25 11.45a±0.78 10.54a±0.85 11.17a±0.92 

Cu 1.3cd±0.42 3.2a±0.35 1.4c±1.41 2.1b±0.78 

Mn 1.1d±0.28 5.0a±1.70 3.4c±1.06 4.4b±1.98 

Fe 7.6d±0.42 11.3a±1.41 8.2c±0.49 9.4b±1.06 

Na/K 0.31 0.35 0.36 0.35 

Ca/P 2.60 1.22 1.38 1.24 
 

Means (±SEM) with different alphabetical superscripts in the same row are significantly different at 
P<0.05. DCP : Dry Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry Vitex doniana; FVD : 
Fermented Vitex doniana. 

 
 
 

Table 3: Phytochemical content (mg/g) of C.pentandra and V.doniana 
 

Phytochemical DCP FCP DVD FVD 

Flavonoid 7.82b±0.12 6.33c±0.43 10.31a±0.57 4.03d±0.21 

Anthraquinone 12.76a±1.20 3.88bc±0.13 1.86d±0.42 2.93cd±0.42 

Tannin 13.24b±0.30 13.72ab±0.59 14.07a±0.01 12.08c±0.13 

Terpenoid 19.28b±0.57 9.31d±1.13 17.42c±0.57 25.54a±0.37 

Cardiac glycoside 27.07a±6.14 11.74b±0.69 1.45c±0.23 1.91c±0.23 

Cardenolide 22.31a±9.38 14.626b±6.41 3.83c±0.35 3.54c±0.35 

Saponin 73.67b±0.48 80.00a±3.54 44.2d±0.23 67.09c±0.59 

Alkaloid 11.31c±0.18 10.41d±0.70 50.25a±1.46 12.67b±0.15 

Phenol 47.52b±7.42 45.47bc±2.31 63.17a±7.52 35.33c±0.08 
 

Means (±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05. DCP : 
Dry Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry Vitex doniana; FVD : Fermented Vitex 
doniana. 

 
 

Table 4: Antioxidant Properties of C.pentandra and V.doniana 
 

Antioxidant DCP FCP DVD FVD 

DPPH (%) 70.65b±0.86 68.45bc±0.5 59.93d±1.94 78.38a±0.66 

ABTS (%) 79.60bc±0.61 79.17c±0.61 81.74b±1.22 85.81a±1.31 

FRAP (mg/g) 18.14b±0.02 25.25a±1.02 19.67b±0.80 24.17a±0.01 
 

Means (±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05. 
DCP : Dry Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry Vitex doniana; FVD : Fermented 
Vitex doniana. 

 
 
and cardiac glycoside (1.45 mg/g – 27.07 mg/g). 
 
 
Antioxidant properties of Ceiba pentandra and Vitex 
doniana 
 
The leaf samples showed high free radical scavenging ability 

against ABTS (85.81% -79.17%), DPPH (78.38% - 59.93%) 
as well as a high iron reducing capacity FRAP (25.25 mg/g – 
18.14 mg/g) as presented in Table 4. It was observed that 
fermentation increased the antioxidant activity of V. doniana 
against ABTS and DPPH and FRAP. There was no significant 
difference (p > 0.05) between the antioxidant activity of 
dried and fermented C. pentandra against ABTS and DPPH.  



Academia Journal of Medicinal Plants; Akosu et al. 128 
 
 
 

Table 5: Vitamin Content (mg/g) of C.pentandra and V.doniana 
 

Vitamin DCP FCP DVD FVD 

Vit. A 1.04c±0.03 3.67b±0.03 2.83b±1.64 4.18a±1.64 

Vit. B1 0.94a±0.07 0.17c±0.00 0.64b±0.00 0.15c±0.01 

Vit. B2 0.55b±0.07 0.43 c±0.01 0.67a±0.02 0.57ab±0.04 

Vit. C 34.68bc±5.73 21.06c±1.75 84.57a±13.54 47.41b±12.90 

Vit. E 36.57c±0.90 42.21a±0.34 27.35d±0.45 39.83b±0.34 
 

Means (±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05. 
DCP : Dry Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry Vitex doniana; FVD : Fermented 
Vitex doniana. 

 
 

Table 6: Antibacterial activity (mm) of aqueous extracts from C. 
pentandra and V. doniana 

 

Test Organisms DCP FCP DVD FVD 

E. coli 7.5 10.0 8.8 6.0 

S. aureus NIL NIL NIL NIL 

Bacillus spp. 10.3 10.5 9.8 5.5 

Salmonella spp. NIL NIL NIL NIL 

Shigella spp. NIL NIL NIL NIL 

Pseudomonas spp. 2.5 4.0 3.0 3.0 
 

DCP : Dry Ceiba pentandra; FCP : Fermented Ceiba pentandra; DVD : Dry 
Vitex doniana; FVD : Fermented Vitex doniana. 

 
 
However, there was a significant increase (P < 0.05) in the 
antioxidant activity of C. pentandra against FRAP upon 
fermentation. 
 
Vitamin composition of Ceiba pentandra and Vitex 
doniana 
 
The vitamin content in Table 5 shows that vitamin C (21.06 
mg/g-84.57 mg/g) was higher than vitamin E (27.51 mg/g- 
42.21 mg/g), vitamin A (1.04 mg/g-4.18 mg/g), vitamin B1 

(0.15 mg/g-0.94 mg/g) and vitamin B2 (0.43 mg/g- 0.67 
mg/g). It was observed that the fermentation process led to 
a decrease in vitamins B1, B2 and C for all the samples but the 
reverse was the case for vitamin A and vitamin E both of 
which are fat soluble vitamins. 
 
 

Antibacterial property of processed Ceiba pentandra 
and Vitex doniana 
 

The antibacterial activity of the aqueous extract of the leaves 
presented in Table 6 showed that all the four samples were 
able to inhibit Escherichia coli and Bacillus cereus. However, 
the leaves could not inhibit Salmonella typhi, Shigella spp. 
and Pseudomonas spp.  
 
 

DISCUSSION 
 
The moisture content of FCP, FVD, DVD and DCP (7.94%- 

13.05%) are in agreement with 14.34% reported by Chisom 
et al. (2014) for dried Ceiba pentandra and 11.25% by 
Francis et al.(2013) for dried Vitex doniana. However, these 
values were high when compared to 4.89% and 7.32% 
reported by Friday et al. (2011) and Osuntokun et al. (2017) 
respectively for dried Ceiba pentandra. There was an 
increase in ash content probably due to fermentation of FCP 
and FVD and this agreed with the report of Ifesan et al. 
(2014) for fermented Vernonia amygdalina (12.95%-
23.28%) and Pterocarpus mildbraedii (8.07%-12.50%). The 
ash content of FCP, FVD, DVD and DCP are in line with the 
values (7.54%, 7.26% and 8.72%) reported by Friday et al. 
(2011), Chisom et al. (2014) and Osuntokun et al. (2017) 
respectively for dried C. pentandra and Francis et al. (2013) 
with 6.42% for dried V. doniana. The fibre content of DVD 
(17.67%) and DCP (14.65%) compared favourably with the 
findings of Friday et al. (2011) and Chisom et al. (2014). 
Dietary fibre has been known to have various health benefits 
such as its ability to limit the risk of diabetes (Thomas et al., 
2020) and obesity (Celestine et al., 2016) in people who 
consume reasonable amount of vegetables or food rich in 
fibre over a long period of time. The crude fat content of C. 
pentandra and V. doniana showed a significant increase in 
both leaves after fermentation; this agrees with the finding 
of Ifesan et al. (2014) for fermented Telfairiaoc cidentails 
(8.33%-10.05%) and Amaranthus hybridus (4.74%-8.80%). 
The protein content of DCP, DVD, FCP and FVD were higher 
than the values (12.32%) reported by Chisom et al. (2014), 
16.25% by Osuntokun et al. (2017) and 12.97% by Friday et  
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al. (2011) for dried C. pentandra along with17.29% reported 
by Francis et al. (2013) for dried V. doniana. However, values 
obtained in this study were within the range (14.27%-
30.2%) reported for freshly dried Telfairiaoc cidentails, 
Vernonia amygdalina, Amaranthus hybridus, Pterocarpus 
mildbraedii (Ifesan et al., 2014). 
The mineral content of the leaves in Table 4 showed a 
significant increase in the entire minerals after 
fermentation; which is in line with the reports of Ifesan et al. 
(2014) who reported significant increases in the mineral 
content of Vernonia amygdalina, Amaranthus hybridus and 
Pterocarpus mildbraedii after fermentation. The values of the 
mineral content obtained from the young leaves of C. 
pentandra and V. doniana may be considered sufficient to 
promote good health when included in the diet. The sodium 
to potassium ratio (Na:K) for all the samples are less than 1, 
which complies with the recommendation of World Health 
Organization and it has also been related to the reduction in 
the risk of stroke (Averill et al., 2019). Therefore, a diet low 
in sodium and high in potassium is strongly advised in other 
to lower blood pressure and reduce the risk of 
cardiovascular disease (Perez and Chang 2014). The calcium 
to phosphorous ratio (Ca:P) in all the samples were greater 
than 1. It has also been reported that Ca:P is highly important 
with respect to bone growth in bone repair engineering 
(Zhang et al., 2019). The saponin content was highest in FCP 
(80.00 mg/g) and lowest in DVD (44.2 mg/g), the values 
recorded in this study is in line with the value 75.20 mg/g 
reported by Osuntokun et al. (2017) but higher than the 
values 37.50 mg/g reported by Chisom et al. (2014) for dried 
C. pentandra and10.1 mg/g by Otitoju et al. (2014) for fresh 
V. doniana. Dried V. doniana (DVD) had the highest phenol 
content of 63.17 mg/gwhile Fermented V. doniana (FVD) had 
the lowest phenol content of 35.33 mg/g. The amount of 
alkaloid was very high in dried V. doniana (DVD) 50.25 mg/g 
and low in fermented C. pentandra (FCP) 10.41 mg/g, these 
values are in line with the values 14.10 mg/g reported by 
Osuagwu and Eme, (2013) and10.80 mg/g by Otitoju et al. 
(2014) for fresh V. doniana but lower than the value 63.20 
mg/g reported by Chisom et al. (2014) for dried C. 
pentandra. The tannin content of the vegetables was highest 
in DVD (14.07 mg/g) and lowest in FVD (12.08 mg/g). 
Although there was no significant difference (p> 0.05) 
between DVD and FCP and also between DCP and FCP, the 
range of values (12.08 -14.07 mg/g) are lower than the 
values 23.0 mg/g reported by Osuntokun et al. (2017) and 
26.20 mg/g by Chisom et al. (2014) for dried C. pentandra 
but higher than the value 8.60 mg/g reported by Otitoju et 
al. (2014) for fresh V.doniana. The leaf samples recorded 
terpenoid content of 9.31 - 25.54 mg/g with the highest 
concentration in FVD and FCP. 
It was observed that the terpenoid content significantly 
increased in V. doniana and decreased in C. pentandra after 
fermentation. Cardenolide is a form of cardiac-active 
steroids which some plants use as defence mechanism and it 
was found to be 3.54 – 22.31 mg/g in both leaves, with its 

highest concentration in dried and fermented C. pentandra. 
The flavonoid content in C. pentandra and V. doniana 
decreased after fermentation. The range of flavonoid content 
recorded in this study (4.03 – 10.31 mg/g) is in line with the 
values 5.0 mg/g reported by Osuagwu and Eme (2013) and 
11.7 mg/g by Otitoju et al. (2014) for fresh V. doniana but 
extremely lower than the values 26.06 mg/g reported by 
Friday et al. (2011) and 12.6 mg/g by Chisom et al. (2014) 
for dried C. pentandra. The anthraquinone content of the 
vegetables in this study ranged from 1.86 - 12.76 mg/g and 
was found to be highest in DCP which was significantly 
different (p < 0.05) from other samples. Cardiac glycoside 
content (1.45 – 27.07 mg/g) in this study revealed a 
significantly higher amount in dried C. pentandra (DCP). The 
fermentation process significantly increased the Vitamin A 
and E content of C. pentandra and V. doniana leaves. Vitamins 
B1 and B2 and C content of both leaves were significantly 
reduced after fermentation. The reduction in the water 
soluble vitamins observed in this study could be attributed 
to leaching during fermentation and the drying processes. 
The results of the antibacterial activity observed in this 
study could be an indication that the leaves may be used as 
mild antibacterial agents, although there may be need to 
employ the use of other solvents for extraction of the 
vegetables in other to ascertain if better inhibitory activity 
will be observed. 
 
 

CONCLUSION 
 
Fermentation had a positive influence on the nutritional 
composition of both Ceiba pentandra and Vitex doniana 
leaves. The findings obtained from their proximate and 
mineral compositions suggested that the inclusion of one or 
both leaves in the diet may go a long way to help meet human 
nutritional needs. The high fibre content in Vitex doniana 
could be highly beneficial for people managing certain health 
challenges such as diabetes and obesity. Vitex doniana 
expressed greater free radical scavenging ability than Ceiba 
pentandra upon fermentation. The vegetables may be 
considered as agents in functional food. 
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