
 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2022 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJSHMR 
65 

SOCIAL HEALTH AND MEDICAL RESEARCH VOL.8 

ISSN: 2373-1340 

 

IGH PERFORMANCE LIQUID 

CHROMATOGRAPHY (HPLC) 

DETERMINATION OF WATER-

SOLUBLE VITAMINS CONTENT IN 

FERMENTED AFRICAN LOCUST BEAN 

(PARKIA BIGLOBOSA) SEED MARKETED 

IN OSUN-STATE, NIGERIA 

 

MOSHOOD, A. ABIBU 1, 2, DAVID T. 

TAKUWA 2 AND KWENGA SICHILONGO 2 
1Department of Science Laboratory Technology, 

Federal Polytechnic Ede, Private Mail Bag 231, Ede 

Nigeria. 2Department of Chemistry, Faculty of 

Science, University of Botswana, Private Bag UB 

00704, Gaborone, Botswana. 

 

 

 

Introduction 

he economy of Osun-state, Nigeria is agro-

based with agriculture being the 

predominant occupation of the people in 

all thirty (30) Local Government Areas. Parkia 

biglobosa commonly known as African locust 

bean is a perennial deciduous tree of the family 

Fabaceae that naturally grows up to between 7 

and 20 meters high as a standing tree primarily  
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grown for its pods (Owolarafe et al., 2013). It grows from sea level up 

to an altitude of 1350 m and prefers hot weather (temperature range 

26-280C). The pod contains both a sweet pulp and valuable seed 

commonly referred to as locust beans. It was reported that the trees 

are generally plant in many West African countries such as Sierra 

Leone (Builders, 2014), Senegal and Nigeria (Aborisade et al., 2021; Sina 

et al., 2002). African locust bean species is currently receiving attention 

supplements and nutraceutical. In this study, a comparative analysis 

of water-soluble vitamins (B1, B2, B3, B4, B6, and B9) content of the 

fermented African locust bean (Parkia biglobosa) spices from three 

different markets in Osun-State, Nigeria were identified and 

quantified using HPLC with ultrasonic assisted extraction (UAE). The 

extracts were clean-up using commercial C18 silica-based solid phase 

cartridge and the resulting filtrate portions were analyzed using our 

previously validated reversed phase high performance liquid 

chromatography (RP-HPLC) method at ambient temperature. The 

Ede (ED) sample showed the highest contents of vitamin B6 (18.07 

mg/100g) while Ikire (IK) and Iwo (IW) locust bean samples had 

highest vitamin B3 content (27.60 mg/100g) and IK (8.51 mg/100g) 

respectively. IK sample showed the highest content of vitamin B2 

(2.87 mg/100g). The values were subjected to statistical analysis, 

Univariate analysis of variance (ANOVA). The results showed no 

significant variations (P < 0.05) among the samples analyzed. These 

findings could help communities to develop diet planning by 

incorporating fermented African locust bean seed with high level of 

vitamins for their daily healthcare need.  

 

Keywords: African Locust bean; Locations; Water-soluble vitamins; 

ultrasonic assisted extraction (UAE); RP-HPLC.   
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as an important multipurpose tropical forests tree crop under-utilized 

for its environmental, nutritional and industrial benefits. Various parts 

of the locust bean tree are used for medicinal and food purposes. The 

leaves, seed pods and fruit pulps are edible and used as cooking or 

drinking ingredients to provide taste. The seeds of the locust bean are 

the most valuable part of the plant. They are cheap source of 

carbohydrate, protein, lipids, and mineral composition such as calcium 

among others (Afolayan et al., 2014). The seeds are processed by 

cooking into condiment fermentation, known as “iru”, in the Yoruba 

land of South-Western Nigeria, as “Ogiri Okpe” in lbo land of Eastern 

Nigeria and as “dawadawa” in Hausas of Northern Nigeria. This 

condiment is a popular food condiment amongst been known as a very 

popular food condiment in many rural and urban dwellers in these 

countries. 

In a paper by (Oluwaniyi and Bazambo, 2014), it was reported that, the 

cooked and unfermented seeds are considered inedible state and 

hence cannot be included in a human diet because of its high of anti-

nutritional factors. Fermentation obviously improves the digestibility, 

palatability, and nutritive value of the raw seeds and reducing the anti-

nutritional factors because of its high content of anti-nutritional 

factors. The fermented seed has an acidic and sour taste with a strong 

flavour and also a good source of proteins, carbohydrates, lipids, 

minerals and vitamins, which provide natural supplement and nutrient 

capacity and considered to nutritional properties with no report of 

food poisoning . Hence, the condiment produced from these seeds is 

used traditionally as flavour enhance in soup, stews, sauces and other 

dishes like rice, native salad etc. (Owolarafe et al., 2013; Gernah et al., 

2007). All these mixtures have much nutritional and medicinal benefit 

and may have contributed to long life span and physical fitness. 
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In recent years, population growth is increasing day by day but 

agricultural practices decreased drastically, thus, the world is facing 

acute food and nutrition crisis, thus making many children suffers from 

severe malnutrition. Vitamins therapy helps the human to maintain a 

good healthy diet. In spite of the relevancy of vitamins, as dietary 

bioactive compounds from natural sources has generated the need for 

dietary compositional information to facilitate epidemiological and 

intervention studies with human subjects (Bailey, et al., 2015; Kelemen 

et al., 2006).  Vitamins have a wide spectrum of effects on human 

health and the fact that these compounds are a low molecular weight 

group of organic compounds required in small quantities to perform 

various chemical and physiological functions for normal growth, and 

self-maintenance of human and animal bodies (Abibu et al., 2019; 

Poongothai et al., 2010). The vitamins are derived from plant and 

animal sources have been widely used in food, cosmetic, and 

pharmaceutical industries. They can be classified into the following 

two main groups: water soluble (C and B complex B1, B2, B3, B4, B5, 

B6, B7, B9 and B12) and fat soluble (A, D, E, and K) vitamins (Bonrath 

et al., 2012). In literature, vitamins are designated substances required 

in trace amounts in the diet to prevent nutritional deficiency diseases 

and was accepted by the scientific community in 1912 (Piro et al., 2010). 

Among these groups of vitamins, water-soluble circulate in the blood 

and are stored in limited amounts than fat-soluble vitamins, with 

exception of B6 and B12 stored in substantial amount for years in the 

liver until it is needed by the body (Doets et al., 2013; Kanazawa and 

Herbert, 1985).  Water-soluble vitamins are readily excreted from the 

body through urine than fat-soluble vitamins, and so frequent 

consumption of the water-soluble vitamins is necessary. They have a 

long history as a chemotherapeutic agent in living systems. All the B 

vitamins are responsible for various and vital functions in several 
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metabolic processes and maintenance of body cells (Combs, 208b). 

They function as co-factors or coenzyme (Whitney and Rolfes, 2011; 

Combs, 2008a). Most of the water-soluble vitamins, if not all of them, 

perform unique functions in the human body, they are recommended 

to improve overall micronutrient of dietary intake and prevent their 

deficiencies (Whitney and Rolfes, 2011).  

Many authors including (Santos et al., 2012; Marco Ciulu et al., 2011; 

Heudi et al., 2006) reported that HPLC coupled with DAD detection for 

the study of water-soluble vitamins in natural products has been 

demonstrated to be a fast, simple, and reliable method.  There is 

paucity of information on the determination of water-soluble vitamins 

in fermented African locust bean from Nigeria states by HPLC. The 

little information that appeared in the literature employed standard 

and official analytical AOAC methods. Complicated analytical methods 

and figure of merits such as specificity, sensitivity, reliability and 

validity values are a challenging task in quality control of 

environmental, biological and pharmaceutical analysis when 

compared with conventional assays.  

This study was designed to evaluate the content of water-soluble 

vitamin B1, B2, B3, B4, B6, and B9 in fermented African locust bean 

“iru” a condiment made sample from Osun-state of Nigeria using the 

previously validated RP-HPLC (Abibu et al., 2019).   

 

Statistical Analysis  

RP-HPLC of water-soluble vitamins analysis was carried out three times 

for each parameter (vitamin B1, B2, B3, B4, B6 and B9) of a sample 

fermented locust bean sample from each location (n = 3) from which 

the mean values and standard error (SE) were derived. Simple 

correlation was performed by using Excel Program (data analysis). 
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Materials and Methods 

Vitamin standards and reagents 

The vitamin standards and solvents were of chromatography grade, 

vitamin B standards and methanol were purchased from Rochelle 

Chemicals (Johannesburg, South Africa) while vitamin C standard was 

from Merck (Carolina, USA). Formic acid (99%), potassium hydroxide 

pellets and potassium hydrogen carbonate salt were from uniLAB 

(Mandaluyong, Philippines). Sep-Pak C18 solid phase extraction (SPE) 

cartridges (1 g) were purchased from the Waters Corporation (Dublin, 

Ireland). For the RP-HPLC experiment, an Agilent Technologies 1260 

Infinity Series liquid chromatography system, (Mainz, Germany) was 

used and consisted of a G 1312C binary pump, a degasser, an Agilent 

Technologies S 6020 manual injector fitted with a 20 μl loop, a variable 

wavelength UV and fluorescence detectors and a column thermostat. 

Double distilled water used for HPLC and sampling analysis was 

prepared by an Elix® Millipore deionizer (Saint-Quentin-en-Yvelines 

Cedex, France). The ultrasonic bath extractor SCIENTECH ultrasonic 

cleaner model 704 (Johannesburg, South Africa), electronic 

centrifuges, grinder was used throughout. 

 

Standard Preparation 

First, 1000 mL of 1000 ppm vitamin B1, B3, B6 standard stock solutions 

were prepared. Then, 1000 mL of 100 ppm vitamin B2, B4, B9, B12 and 

4000 ppm vitamin C standard stock solutions were prepared. These 

stock solutions were used to create vitamin standards in varying 

concentrations from 15µg/mL to 100µg/mL. These eight (8) stock 

solutions were used to create mixed standard solution concentration 

ranges. Double distilled water was used to dilute the solutions and 

sonicate in a cold ice bath for 15 minutes in order to avoid vitamins 

degradation and unintentionally air bubbles.  
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Mixed working standards solution 

The mixed stock standard solution was created to provide 

concentrations of 50 µg/mL of B1, B3, B4, B6, 100 µg/mL vitamin C, 30 

µg/mL vitamin B12 and 15 µg/mL vitamin B2 and B9. The mixed standard 

solution was further diluted to create the calibration levels presented 

in Table 1. 

 

Table 1: Detail dilution scheme for preparation for calibration 

standards  

Mixed working standard serial 

solution 

1 2 3 4 5 6 

Volume of mixed working 

standard  solution for 10 mL 

preparation (mL) 

0.5 1.0 1.5 2.0 2.5 3.0 

Concentratio

n of each 

vitamin 

(µg/ml) 

B1,B3,B4,B6,B1

2 

2.5 5.0 7.5 10.0 12.5 15.0 

Vitamin C 5.0 10.

0 

15.0 20.

0 

25.

0 

30.

0 

B2,B9 0.7

5 

1.5 2.2

5 

3.0 3.75 4.5 

 

Sample collection and treatment 

The samples were taken from with locations of the same average 

annual rainfall in excess of 1000 mm and mean annual temperature of 

about 18°C. Arora (2019) reported that climatic changes have major 

impact both directly and indirectly on the growth of agriculture 

production which affects food production and the nutritional quality 

of some foods of plant.  Table 2 shows the climatic regional samples 

location above sea level. 
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Table 2: Geographic location of the fermented locust beans samples 

used for the determination of vitamin contents  

Sample 

location 

Code Longitude Latitude 

Iwo Iw 7.629209 4.187218 

Ede Ed 7.734928 4.443937 

Ikire Ik 7.369970 4.187218 

 

The “Iru” (fermented locust bean) samples used in this study were 

obtained from three (3) different major city markets in Osun-State, 

Nigeria, including Iwo (Iw), Ede (Ed), and Ikire (Ik) in their respective 

local markets centers. In order to prevent the growth of molds or 

fungus and vitamins degradation, the samples were pressed dried for 

some weeks under sub-due light by Mrs Iromini in the microbiology 

laboratory, Federal polytechnic Ede, Nigeria and then subjected to 

milling or grinding to obtain homogenous sample and often for 

improving the kinetics of analytic extraction and finally stored in 

airtight container at room temperature.  

 

Sample extraction 

About 2.50 g of the dried samples were separately weighed into a 50 

mL centrifuge tube, and 1 mL phenol solution (0.00108 M) as internal 

standard and 20-25 mL ammonium acetate solution (10 Mmol/mL) was 

sequentially added and the mixture was homogenized using a vortex 

at medium speed for 5 minutes. The sample was subjected for 

extraction using cold ice ultrasonic bath for 15 minutes with the ultra-

sonication procedure. Then, 10 mL of chloroform was added to the 

extract in order to precipitate protein, carbohydrate and to remove 

lipids bonded to the target analytes, and vortex shaking the mixture 

for 1 minute. The homogenized samples were centrifuged for 10 
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minutes at 5000 rpm to remove suspended material. The supernatant 

was filtered through a Whatman No. 1 filter paper first in order to 

remove suspended particles, followed by a 0.45-µm Teflon filter 

before clean-up protocol and the filtrate were collected for sample 

clean-up before RP-HPLC analysis. All experiments were performed in 

triplicates. Sample preparation procedures were carried out under 

subdued light conditions and samples were kept in the amber bottles. 

Working standards mixture (Table 1) was used to spike extracted 

sample solutions. A 20 μL of the spiked extract was loaded on the 

HPLC column. The % recoveries of the vitamins were calculated by 

using the following equation: 

 

% Recovery =  
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑃𝑟𝐸𝑀𝑠

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑃𝑜𝐸𝑀𝑠
   × 100 

 

(PrEMs: pre-extraction matrix spiked sample; PoEMs: post-extraction 

matrix spike sample). 

 

Results and discussion 

Peak identification of water-soluble vitamins in the sample matrixes  

Water-soluble vitamins are known to be a group of chemically 

unrelated compounds proven to be good as natural cofactors in 

various enzymatic systems (Poongothai et al., 2010). It could be seen 

from Figures 1b to 1c that the evaluated water-soluble vitamins in these 

fermented Africa locust bean spiked extracts were successfully 

separated using our previously validated RP-HPLC method (Abibu et 

al., 2019). A total of six water-soluble vitamins B1, B2, B3, B4, B6, and 

B9 characteristic peaks were identified in the HPLC profile of sample 

from Ede, Iwo and Ikire. Six characteristic peaks were assigned by 

comparing their retention times with those of reference standards 

mixture. The chromatogram of the mixed vitamins standards was 
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displayed in Figure 1a. The typical chromatograms profile displayed in 

Figure 1b to c shows separated peaks of six (6) water-soluble vitamins 

in the spiked extracts with little or no co-elution and the peaks 

retention time at the same chromatographic conditions depicted a 

very fair similar chromatographic profile except that the area of the 

peaks separated differ in size and shape. Generally, water-soluble 

vitamins detected in all samples were in order of B1, B6, B4, B3, B9 and 

B2. It was observed that vitamin B12 is undetectable Figure 1b-c due to 

the fact that the most abundant source of vitamin 12 is animal products 

(Belitz et al., 2004). 

 
Figure 1a: Optimal representative of RP-HPLC chromatogram of seven 

standard vitamins B1, B6, B4, B3, B12, B9 and B2 mixture  

 

 
Figure 1b: Representative chromatogram of sample from Ede (ED) 
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Figure 1c: Representative chromatogram of sample from Iwo (IW) 

 

 
Figure 1d: Representative chromatogram of sample from Ikire (IK) 

 

4.2: Concentration of water-soluble vitamins in the fermented locust 

bean seed sample 

The study was dedicated to the determination of water-soluble 

vitamin because in relevant literature, it has been reported that these 

compounds possess potent antioxidant properties, provides 

protection from hearth related diseases and help to secure bone 

health (Sinbad et al., 2019). Determination of free water-soluble 

vitamin B1, B2, B3, B4, B6 and B9 in fermented Africa locust bean 

samples was performed by standard addition method using external 

standards mixture. Quantification of the analytes in the spiked 

samples was done by using linear calibration curve of signals output 

against concentrations. The quantitative analysis data in mg/100g DW 
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n = 3 are presented in Table 2. The quantitative results of analysis in 

mg/100g DW n = 3 are presented in Table 2.  

 

Table 2: Comparison of water-soluble vitamin concentration 

(mg/100g DW) of the fermented locust bean sample (n = 3). 

Vitamins Observed mean value, Mg/100g (DW) Recommended 

daily dose 

(Mg/day) 

EDE IWO IKIRE 

B1 3.34 ± 1.0 4.73 ± 0.1 3.37 ± 0.2 1.0 – 1.5 

B2 0.26 ± 0.1 0.37 ± 0.2 2.87 ± 1.2 1.3 - 1.8 

B3 10.51 ± 0.02 27.60 ± 1.2 8.51 ± 0.3 15 - 20 

B4 14.27 ± 0.2 5.61 ± 0.03 6.02 ± 0.2 Not found 

B6 18.07 ± 1.1 8.38 ± 1.0 3.27 ± 1.0 2 

B9 1.89 ± 1.0 3.43 ± 1.3 3.29 ± 1.0 0.4 

 

DW = Dry weight (DW); ND = detected (ND); 95% confident interval  

Table 2 showed the most abundant water-soluble vitamins in the three 

(3) samples were in the order B6>B4>B3>B1>B9>B2 for Ede samples. 

The concentration of water-soluble in Iwo sample were for Iwo 

samples were order B3>B6>B4>B1>B9>B2 while from Ikire samples the 

order was B3>B4>B1>B9>B6>B2. It is clearly seen that all the B group 

vitamins determined were found in higher amounts than the 

recommended daily allowances by The National Academy of Sciences 

Food and Nutrition (1989). The data confirmed that fermented locust 

bean seed is relatively good source of water-soluble vitamins. The 

result showed the presence of vitamins B1, B2, B3, B4, B6, and B9 in 

various amount in the samples analysed. The general observation was 

that the levels of the water-soluble vitamins obtained irrespective of 

the sample place were greater than the daily limit set by The National 

Academy of Sciences Food and Nutrition. Each member of water-
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soluble vitamins performs unique functions in the human body, 

generally they are nontoxic when present in excess of the needs in the 

diet and are responsible for various and vital functions in several 

metabolic processes of the body cells (Thomas, 2006; Ekinci and 

Kadakal, 2005).  

 

Conclusion 

Our study assessed the content of water-soluble vitamins in the 

fermented African locust bean seed sold in Osun-state, Nigeria. Until 

now, there is neither data nor published research papers about 

simultaneous determination of water-soluble vitamins in fermented 

African locust bean seed using HPLC. The adopted methods (Abibu et 

al., 2019) procedure seems to be appropriate in this case, as its short 

time analysis with baseline chromatograms on a flow rate of 0.5 

ml/min without the use of buffer solution as a mobile phase, the 

method shows peaks with reasonable heights and resolutions were 

assigned as characteristic peaks for identification of these fermented 

African locust bean. Our result showed six (6) natural dietary 

nutritional facts of the fermented African locust bean seed sold in 

Osun-state, Nigeria using RP-HPLC. Many people are not aware of 

these nutritional compositions in the fermented African locust bean 

seed. This study has showed that the samples contains high level of 

water-soluble vitamins B1, B2, B3, B4, B6 and B9 which improves body 

metabolism and they are good to protect body cells from the 

damaging effects of oxidation (Hathcock, 2001; Dhama et al., 2014). 

This indicated that fermented African locust bean seed contributes 

useful amounts of water-soluble vitamins in these regions. Thus, 

Government of Osun-state, Nigeria need to support the cultivation of 

locust bean plant, preserve the tree plant and encourage the 
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production of locally produced fermented locust bean for nutritional 

food condiments and for the economic development of Osun-state. 
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