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Abstract Nutrient composition of callus segments of

in vitro techniques. Disinfected explants were aseptically placed and inoculated on Murashige and Skoog (MS) callus 

induction medium (full -MS, half

(PGR) with each treatment contain

BAP + 2.0 mg/l IBA (M1), 0.2 mg/l BAP + 4.0 mg/l IBA (M

mg/l IBA (M4), 0.5 mg/l BAP + 10.0 mg/l IBA (M

free apical bud cultures of I. gabonensis

BAP + IBA of MS, ½ MS, and ¼ MS, 

nutrient contents in each case was obtained from one

strength giving the least response. The control treatment (0

formation. Nutrient contents (potassium, calcium, phosphorus, nitrogen, magnesium, manganese, copper, zinc, iron and 

boron) in callus segments of I. gabonensis 

with decrease in media strength. There were significant (P < 0.05) increases in soluble protein and carbohydrate contents 

in callus segments of I. gabonensis

concentration of growth medium. Therefore, this research has further unfolded the chemical and economic potentials of 

Irvingia gabonensis for continuous domestication of the species.
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INTRODUCTION 
Irvingia gabonensis belongs to the family Irvingiaceae, 

and is commonly called wild or bush mango

occurs in wet forests of the tropics as an edible African 

indigenous fruit tree that produces edible fruits and 

seeds
3,34

. Irvingia gabonensis is characterized by a sweet 
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techniques. Disinfected explants were aseptically placed and inoculated on Murashige and Skoog (MS) callus 
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MS, ½ MS, and ¼ MS, and responses varied with media formulation. The medium giving the highest 

nutrient contents in each case was obtained from one-quarter strength growth medium followed by half strength, and full 
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formation. Nutrient contents (potassium, calcium, phosphorus, nitrogen, magnesium, manganese, copper, zinc, iron and 

I. gabonensis significantly (P < 0.05) increased with increase in hormone concentration, and 
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belongs to the family Irvingiaceae, 

and is commonly called wild or bush mango
2,16

. It usually 

occurs in wet forests of the tropics as an edible African 

indigenous fruit tree that produces edible fruits and 

is characterized by a sweet 

mesocarp and the edible kernels are widely traded 

upon
20,30

. The essentiality of the kernels (Ogbono) lies on 

the fact that it has mucilage properties and usually added 

to soup as a thickener
9,21

. In terms of bas

composition, the kernel is rich in carbohydrate, oil and 

protein to enhance health and nutrition

gabonensis has been recommended for use in the 

treatment of type II diabetics and in reducing obesity

Callus culture is one of the methods usually employed for 

plantlets regeneration in vitro. Somatic embryogenesis 

may be initiated in the absence of any callus production 

from the explants, and in certain cases callus production 

is required before embryoids are formed

of vegetative propagules for plants through in vitro 

technology can present viable large scale propagation 

system for crops over the seed and traditional vegetative 

methods
30
. Although, this method can be used to generate 

vegetative propagules for further propagation of this 
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segments of 

 O’ Rorke, 

Lecomte Ex O’Rorke, Baill) was studied using 

techniques. Disinfected explants were aseptically placed and inoculated on Murashige and Skoog (MS) callus 

¼ MS, strengths) supplemented with plant growth regulators 

states the absence of plant growth regulator (Mo), 0.1 mg/l 

), 0.3 mg/l BAP + 6.0 mg/l IBA (M3), 0.4 mg/l BAP + 8.0 

regenerative callus segments were formed in contamination-

. Callus formation was evident after a three week period in culture for 1- 5 mg/l 

n. The medium giving the highest 

quarter strength growth medium followed by half strength, and full 

MS, ½ MS, and ¼ MS did not support any callus 

formation. Nutrient contents (potassium, calcium, phosphorus, nitrogen, magnesium, manganese, copper, zinc, iron and 

significantly (P < 0.05) increased with increase in hormone concentration, and 

decrease in media strength. There were significant (P < 0.05) increases in soluble protein and carbohydrate contents 

with increase in concentration of plant growth regulators, and with decrease in the 

rowth medium. Therefore, this research has further unfolded the chemical and economic potentials of 
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mesocarp and the edible kernels are widely traded 

The essentiality of the kernels (Ogbono) lies on 

the fact that it has mucilage properties and usually added 

In terms of basic nutrient 

composition, the kernel is rich in carbohydrate, oil and 

protein to enhance health and nutrition
37
. Medically, I. 

has been recommended for use in the 

treatment of type II diabetics and in reducing obesity
33, 35

.  

e of the methods usually employed for 

plantlets regeneration in vitro. Somatic embryogenesis 

may be initiated in the absence of any callus production 

from the explants, and in certain cases callus production 

is required before embryoids are formed
6,13

. Generation 

of vegetative propagules for plants through in vitro 

technology can present viable large scale propagation 

system for crops over the seed and traditional vegetative 

Although, this method can be used to generate 

further propagation of this 
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species, this research was specifically designed to study 

some nutritional properties of callus segments of the 

species through in vitro methods. Much priority has been 

given to Irvingia species on the basis of its contributions 

to the Non-Timber forest products charts
9,28

. Irvingia 

species possess enormous potential, both in economic 

terms and as species for sustainable production
16,18

. This 

species requires a wide research in order to further unfold 

its chemical and economic potentials as well as develop 

baseline information for continuous domestication of the 

species. Therefore, this study was carried out to assess the 

mineral nutrient composition of callus segments of 

Irvingia gabonensis in vitro. 

 

MATERIAL AND METHODS 
Explants (apical bud) were obtained from seedlings of I. 

gabonensis. Explants of about 2cm in size were soaked 

for 5 minutes in 70% (v/v) ethanol solution and further 

disinfected by soaking in 0.1% mecuric chloride solution 

for 4 minutes. Disinfected explants were rinsed 3-4 times 

in steriled distilled water. Disinfected explants were 

aseptically placed and inoculated on MS callus induction 

medium. Murashige and Skoog (MS) medium for callus 

induction (full -MS, half- ½ MS, and one-quarter-¼ MS, 

strengths) supplemented with plant growth regulators 

(PGR) with each treatment containing BAP (0, 0.1, 0.2, 

0.3, 0.4, and 0.5 mg/l) + IBA (0, 2, 4, 6, 8, 10 mg/l) based 

on the methods of
8
. The concentrations of plant growth 

regulators (PGR) were designed into the following: 

control - states the absence of plant growth regulator 

(Mo), medium containing 0.1 mg/l BAP + 2.0 mg/l IBA 

(M1), medium containing 0.2 mg/l BAP + 4.0 mg/l IBA 

(M2), medium containing 0.3 mg/l BAP + 6.0 mg/l IBA 

(M3), medium containing 0.4 mg/l BAP + 8.0 mg/l IBA 

(M4), medium containing 0.5 mg/l BAP + 10.0 mg/l IBA 

(M5). All cultures were maintained in a culture room at a 

temperature of 27±1°C and relative humidity of 80% 

under dark conditions for callus development for 3 weeks. 

Biochemical characteristics and nutrient analysis of 

plant materials in vitro 

Callus segments of the species were rinsed with distilled 

water and dried. The dried callus segments of each 

sample were macerated into powder form using pestle 

and mortar. The powder was sieved through a 0.002mm 

wire mesh to obtain fine powdered forms. Each sample of 

the powdered callus segments was kept in small bottles 

for analysis
1
. The following parameters were determined: 

Determination of mineral elements 

The mineral elements were determined using standard 

analytical method of determining mineral constituents in 

plants
11
. The powdered callus segment was subjected to 

dry ashing at 450
o
C.

23
 Each ash content was digested in a 

glass Petridish using five milliliter of concentrated 

hydrochloric acid. The mixture was transferred to 50ml 

chemical flask using distilled water. Undissolved particles 

were filtered off using Whatman’s no. 1 filter paper in a 

funnel. The filtrate obtained was made up to mark in 

readiness for mineral nutrient determination. The 

determination was made using method described by
11

. 

Standard reagents for the various elements to be 

determined were prepared and the series 

spectrophotometer was first warmed up for 30 min. 

Standardization of the equipment was carried out using 

the standard reagents of the elements to be determined 

and distilled water. The sample contained in 10ml cuvette 

was then introduced into the sample chamber for reading 

and recording. Phosphorus was determined 

spectrophotometrically by ammonium-vanadate-

molybdate method, potassium by using a frame 

photometer and other elements by atomic absorption 

spectrophotometer. 

Determination of carbohydrate contents 

Few grams of each of the powdered plant samples were 

weighed into sterile filter paper and wrapped. Each 

sample was extracted with 100ml of 80% ethanol for 12 

hours in a soxhlet reflux extractor. The extractions were 

then evaporated into dryness in a vacuum evaporator. The 

residues were then each dissolved in 5ml of steriled 

distilled water for chromatography work using the 

method of
7
 and modified by

10
. 

Determination of soluble protein and total nitrogen 

contents 

Extraction of soluble proteins was made by 0.1 mol dm-3 

phosphate buffer, pH 7, and protein content was 

determined after
36
, using bovine serum as standard. Total 

Nitrogen concentration in plant dry matter was estimated 

by standard Microkjeldahl method
17
. 

Statistical analysis 

The data generated from this study were subjected to 

analysis of variance (ANOVA) where the differences in 

the means were tested using Least Significant Difference 

(LSD), according to the method of
19,32

. 

 

RESULTS 
Non- regenerative callus segments were formed in 

contamination-free apical bud cultures of I. gabonensis. 

In general, callus formation was evident after a three 

week period in culture for 1- 5 mg/l BAP + IBA of MS, ½ 

MS, and ¼ MS, and responses varied with media 

formulation. The medium giving the highest nutrient 

contents in each case was obtained from one-quarter 

strength growth medium followed by half strength, and 

full strength giving the least response. The control 

treatment (0 mg/l) of MS, ½ MS, and ¼ MS did not 

support any callus formation. In addition, changes in pH 

of growth media were observed during culture. Necrosis 
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occurred on the cut surface of all explants after few days, 

and was more pronounced in full strength than in half and 

one quarter strength growth media. In all the treatments, 

nutrient contents in callus segments of I. gabonensis 

increased with increase in hormone concentration, and 

with decrease in media strength. The potassium content in 

callus segments increased from 0.00 to 38.42, 45.21 and 

56.07 mg/kg in MS, ½ MS, and ¼ MS media, 

respectively. Similarly, the calcium content in callus 

segments increased from 0.00 to 20.21, 23.20 and 27.33 

mg/kg in MS, ½ MS, and ¼ MS media, respectively. The 

highest contents of 15.71, 17.40 and 18.66 mg/kg of 

magnesium, and 13.20, 14.62, and 16.53 mg/kg of 

phosphorus were recorded for MS, ½ MS, and ¼ MS 

media, respectively. The highest values of 9.12, 11.91 and 

15.61 % of nitrogen were recorded in MS, ½ MS, and ¼ 

MS media, respectively (Table 1). The manganese 

content in callus segments of I. gabonensis increased 

from 0.00 to 0.47, 0.52 and 0.84 mg/kg in MS, ½ MS, 

and ¼ MS media, respectively. Similarly, the highest 

contents of zinc (1.49, 1.79, and 1.93mg/kg), iron (0.77, 

0.98, and 1.27 mg/kg), boron (0.53, 0.60, and 0.89 

mg/kg), and copper (2.42, 2.54, and 2.93 mg/kg) were 

recorded in MS, ½ MS, and ¼ MS, media, respectively 

(Table 2). There were significant (P < 0.05) increases in 

soluble protein and carbohydrate contents in callus 

segments of I. gabonensis with decrease in the 

concentration of growth medium. Similarly, the soluble 

protein and carbohydrate contents of callus segments of I. 

gabonensis increased with increase in concentration of 

growth hormones. The soluble protein contents in callus 

segments of I. gabonensis increased from 0.00 to 2.72, 

4.77, and 11.56 mg/g in MS, ½ MS, and ¼ MS media, 

respectively, while the highest values of carbohydrate 

(7.92, 11.76 and 24.10 %) were recorded in MS, ½ MS, 

and ¼ MS media, respectively (Table 3). 
 

Table 1: Macronutrient contents in callus of Irvingia gabonensis In vitro 

Element Conc. Of PGR Mg/l M0 M1 M2 M3 M4 M5 

K 

{Mg/kg) 

MS 0.00 ± 0.00 26.92 ± 0.71 29.70 ± 0.34 32.62 ± 0.21 35.33 ± 0.43 38.42 ± 0.28 

½ MS 0.00 ± 0.00 32.02 ± 0.45 36.23 ± 0. 30 38.40 ± 0.13 41.39 ± 0.37 45.21 ± 0.36 

¼ MS 0.00 ± 0.00 40.46 ± 0.22 47.04 ± 0.56 48.72 ± 0.42 53.04 ± 0. 32 56.07 ± 0.56 

Ca 

{Mg/kg) 

MS 0.00 ± 0.00 15.10 ± 0.12 16.09 ± 0.43 18.02 ± 0.67 20.07 ± 0.43 20.21 ± 0.40 

½ MS 0.00 ± 0.00 18.63 ± 0.56 20.64 ± 0.46 20.36 ± 0.36 21.12 ± 0.45 23.20 ± 0.32 

¼ MS 0.00 ± 0.00 21.44 ± 0.33 22.91 ± 0.73 23.17 ± 0.43 25.53 ± 0.36 27.33 ± 0. 31 

Mg 

{Mg/kg) 

MS 0.00 ± 0.00 10.42 ± 0.02 12.33 ± 0.21 12.24 ± 0.22 14.62 ± 0.87 15.71 ± 0.83 

½ MS 0.00 ± 0.00 12.11 ± 0.15 12.07 ± 0. 39 13.23 ± 0.09 15.53 ± 0.50 17.40 ± 0.23 

¼ MS 0.00 ± 0.00 15.23 ± 0.34 16.20 ± 0.58 17.21 ± 0.34 17.07 ± 0.45 18.66 ± 0.10 

P 

{Mg/kg) 

MS 0.0 0± 0.00 7.29 ± 0.76 8.23 ± 0.45 10.24 ± 0.46 11.21 ± 0.34 13.20 ± 0.05 

½ MS 0.00 ± 0.00 8.97 ± 0.54 8.20 ± 0.64 12.51 ± 0.54 12.61 ± 0.32 14.62 ± 0.18 

¼ MS 0.00 ± 0.00 10.14 ± 0.21 12.07 ± 0.23 13.53 ± 0.32 15.33 ± 0.51 16.53 ± 0.47 

N 

(%) 

MS 0.00 ± 0.00 5.41 ± 0.56 6.42 ± 077 6.61 ± 0.46 8.94 ± 0.43 9.12 ± 0.35 

½ MS 0.00 ± 0.00 8.80 ± 0.43 8.06 ± 0.39 9.64 ± 0.35 9.27 ± 0.75 11.91 ± 0.43 

¼ MS 0.00 ± 0.00 11.20 ± 0.32 11.27 ± 0.44 12.33 ± 0.56 13.70 ± 0.52 15.61 ± 0.66 

Mean  0.00 16.28 17.83 19.26 20.98 22.88 

LSD (P > 0.05)  0.00 0.69 0.20 0.17 0.33 0.91 

Mean value ± standard error of 10 replicates from two determinations 
 

Note 

• Plant Growth Regulators (PGR) 

• Full strength Growth Medium (MS) 

• Half strength Growth Medium (½ MS) 

• One-quarter strength Growth Medium (¼ MS) 

• Control - States the absence of Plant growth 

regulator (Mo) 

• Medium containing 0.1 mg/l BAP + 2.0 mg/l 

IBA (M1) 

• Medium containing 0.2 mg/l BAP + 4.0 mg/l 

IBA (M2) 

• Medium containing 0.3 mg/l BAP + 6.0 mg/l 

IBA (M3) 

• Medium containing 0.4 mg/l BAP + 8.0 mg/l 

IBA (M4) 

• Medium containing 0.5 mg/l BAP + 10.0 mg/l 

IBA (M5) 

 

Table 2: Macronutrient contents in callus of Irvingia gabonensis In vitro 
Element Conc. Of PGR Mg/l M0 M1 M2 M3 M4 M5 

Mn 

{Mg/kg) 

MS 0.00 ± 0.00 0.21 ± 0.02 0.32 ± 0.07 0.36 ± 0.05 0.41 ± 0.02 0.47 ± 0.03 

½ MS 0.00 ± 0.00 0.32 ± 0.04 0.37 ± 0.04 0.42 ± 0.03 0.49 ± 0.03 0.52 ± 0. 02 

¼ MS 0.00 ± 0.00 0.37 ± 0.03 0.46 ± 0.05 0.68 ± 0.04 0.77 ± 0.09 0.84 ± 0. 05 

Zn MS 0.00 ± 0.00 1.21 ± 0.05 1.32 ± 0.01 1.40 ± 0.12 1.56 ± 0.63 1.49 ± 0.64 
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{Mg/kg) ½ MS 0.00 ± 0.00 1.36 ± 0.54 1.54 ± 0.25 1.66 ± 0.27 1.72 ± 0.37 1.79 ± 0.77 

¼ MS 0.00 ± 0.00 1.40 ± 0.23 1.77 ± 0.33 1.82 ± 0.41 1.90 ± 0.22 1.93 ± 0.35 

Fe 

{Mg/kg) 

MS 0.00 ± 0.00 0.62 ± 0.03 0.64 ± 0.02 0.67 ± 0.06 0.72 ± 0.04 0.77 ± 0.04 

½ MS 0.00 ± 0.00 0.74 ± 0.05 0.82 ± 0.04 0.90 ± 0.01 0.93 ± 0.06 0.98 ± 0.02 

¼ MS 0.00 ± 0.00 0.95 ± 0.06 0.99 ± 0.05 1.16 ± 0.14 1.22 ± 0.03 1.27 ± 0.34 

B 

{Mg/kg) 

MS 0.00 ± 0.00 0.24 ± 0.07 0.36 ± 0.03 0.39 ± 0.05 0.45 ± 0.02 0.53 ± 0.03 

½ MS 0.00 ± 0.00 0.36 ± 0.03 0.41 ± 0.02 0.52 ± 0.04 0.57 ± 0.06 0.60 ± 0.02 

¼ MS 0.00 ± 0.00 0.49 ± 0.06 0.54 ± 0.03 0.67 ± 0.06 0.72 ± 0.07 0.89 ± 0.05 

Cu 

{Mg/kg) 

MS 0.00 ± 0.00 2.16 ± 0.55 2.18 ± 0.56 2.27 ± 0.43 2.32 ± 0.54 2.42 ± 0.45 

½ MS 0.00 ± 0.00 2.37 ± 0.27 2.41 ± 0.46 2.45 ± 0.43 2.47 ± 0.52 2.54 ± 0.43 

¼ MS 0.00 ± 0.00 2.42 ± 0. 43 2.48 ± 0.54 2.86 ± 0.30 2.88 ± 0.08 2.93 ± 0.56 

Mean  0.00 1.02 1.13 1.22 1.27 1.33 

LSD (P > 0.05)  0.00 0.54 0.07 0.21 0.09 0.10 

Mean value ± standard error of 10 replicates from two determinations 
 

Note 

• Plant Growth Regulators (PGR) 

• Full strength Growth Medium (MS) 

• Half strength Growth Medium (½ MS) 

• One-quarter strength Growth Medium (¼ MS) 

• Control - States the absence of Plant growth 

regulator (Mo) 

• Medium containing 0.1 mg/l BAP + 2.0 mg/l 

IBA (M1) 

• Medium containing 0.2 mg/l BAP + 4.0 mg/l 

IBA (M2) 

• Medium containing 0.3 mg/l BAP + 6.0 mg/l 

IBA (M3) 

• Medium containing 0.4 mg/l BAP + 8.0 mg/l 

IBA (M4) 

• Medium containing 0.5 mg/l BAP + 10.0 mg/l 

IBA (M5) 

 

Table 3: Soluble Protein and Carbohydrate contents in callus of Irvingia gabonensis In vitro 

Parameters Conc. Of PGR Mg/l M0 M1 M2 M3 M4 M5 

Soluble Protein 

(Mg/g) 

MS 0.00 ± 0.00 1.24 ± 0.53 1.36 ± 0.43 1.44 ± 0.36 1.57 ± 0.52 2.72 ± 0.43 

½ MS 0.00 ± 0.00 3.86 ± 0.43 4.02 ± 0.21 4.21 ± 0.53 4.37 ± 0.13 4.77 ± 0.54 

¼ MS 0.00 ± 0.00 7.46 ± 0.52 9.52 ± 0.12 9.77 ± 0.31 11.32 ± 0.41 11.56 ± 0.22 

Carbohydrate 

(%) 

MS 0.00 ± 0.00 4.20 ± 0.56 5.36 ± 0.21 6.21 ± 0.42 7.37 ± 0.49 7.92 ± 0.17 

½ MS 0.00 ± 0.00 8.21 ± 0.32 8.37 ± 0.45 8.91 ± 0.55 11.20 ± 0.33 11.76 ± 0.50 

¼ MS 0.00 ± 0.00 12.25 ± 0.56 14.21 ± 0.62 18.31 ± 0.56 20.76 ± 0.46 24.10 ± 0.64 

Mean  0.00 6.20 7.14 8.14 9.43 10.47 

LSD (P > 0.05)  0.00 0.72 0.35 0.66 0.47 0.32 

Mean value ± standard error of 10 replicates from two determinations 
 

Note 

• Plant Growth Regulators (PGR) 

• Full strength Growth Medium (MS) 

• Half strength Growth Medium (½ MS) 

• One-quarter strength Growth Medium (¼ MS) 

• Control - States the absence of Plant growth 

regulator (Mo) 

• Medium containing 0.1 mg/l BAP + 2.0 mg/l 

IBA (M1) 

• Medium containing 0.2 mg/l BAP + 4.0 mg/l 

IBA (M2) 

• Medium containing 0.3 mg/l BAP + 6.0 mg/l 

IBA (M3) 

• Medium containing 0.4 mg/l BAP + 8.0 mg/l 

IBA (M4) 

• Medium containing 0.5 mg/l BAP + 10.0 mg/l 

IBA (M5) 

 

DISCUSSION 
Non-regenerative callus segments were formed in shoot 

tip explants of 1. gabonensis. Similar results have been 

reported
12,29

. There exist large family and clonal 

differences in the production of either compact or friable 

callus with regenerative potentials
25
. Again, it appears 

that lignified tissues of some species may not differentiate 

further after callus production due to low organogenic 

potential of such tissues
31
. Increase in pH of the culture 

medium was evident during callus induction cultures in 

this study. Changes in pH have been established to occur 

both during media preparation, particularly autoclaving, 

and in the presence of living plant material, cell, organ, or 

callus cultures
4
. Changes in pH of a solution have been 

reported as the major cause of alteration of the relative 

proportion of available and unavailable forms of 
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minerals
23

. A balance between NO3 and NH4 supply and 

uptake has been deduced as a major factor in pH 

change
14
, thus, if NO3 is preferentially taken up there is a 

corresponding efflux of anions to balance the charge 

leading to an increase in pH and conversely, acidification 

occurs with NH4 uptake. Similarly, an interplay between 

phenolic compound from the cut ends of explants and the 

components of the culture medium has been identified as 

a contributing factor to changes in pH
15,22

. The low 

nutrient contents of callus segments in full and half 

strengths media as compared to those of one quarter 

strength medium may be due to stress condition resulting 

from high salts concentrations in the media. Therefore, 

the phytotoxic conditions of full and half strength media, 

which caused necrosis and severe stress, might have 

contributed significantly to reduction in metabolic 

activities and low nutrient absorption ability of the callus 

segments
24,27

. Chemical changes are evident in the culture 

medium due to the procedures and conditions commonly 

used during media preparation, particularly autoclaving 

and exposure to light
5,12,26

. Thus, the actual ionic (mineral 

and organic) composition of the medium may undergo 

marked changes even before the plant is introduced. This 

explains the reason for reduced availability or loss of 

components and sometimes the production of toxic by-

products
12
. Precipitation of minerals from standard MS 

medium has also been shown to result from the use of 

chelating agent such as EDTA
12
. Thus, a significant 

proportion of supplied Fe, Zn, P, S and Ca to the media in 

this study might have undergone precipitation within a 

few days. Again, pH can be identified as a contributory 

factor to disparity in nutrient composition among the 

various treatments, such that high pH can decrease the 

solubility of nutrient elements such as Fe, Mn, Zn and B 

in growth medium and this induce deficiencies for these 

ions, while low pH can induce deficiencies for macro 

nutrients, and toxicity of nutrient elements such as Al
23
. 

 

CONCLUSION 
Production of callus segments of Irvingia gabonensis 

could be achieved through effective manipulation of 

conditions in and outside the culture medium by in vitro 

technology. In view of the enormous potential of I. 

gabonensis, both in economic terms and as species, this 

research has further unfolded the chemical and economic 

potentials for continuous domestication of the species. 
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