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1. INTRODUCTION  

Many Nigerian homes take leafy vegetables as an essential part of diets. Besides varieties, vegetables are valued 

sources of nutrients, particularly among rural communities. They contribute to nutrients (protein, mineral, 

vitamin, fibers among others) which are commonly in limited quantity in major staples [1]. Flavour, taste, 

colour, and aesthetic appeal are additional benefits to prevent making diets uninteresting. Vegetables are 

consumed as part of meals, snacks, and as drinks. They are rich in phytochemicals that possess antioxidant, 

antibacterial, antifungal, antiviral, and anticarcinogenic properties [2]. Bio-active components present in 

vegetables exhibit the capacity to modulate one or more metabolic processes and better health promotion. 

Vegetable drink like fluted pumpkin possesses health benefits [3].  

 
Aims: To determine the best process time and processing duration effects on the composition of the 
Ficus capensis drink (infusion). 
Study design:  Experimental design was based on completely randomized design (CRD) 

Methodology:  Ficus capensis (Moracae) leafy vegetable drink was processed by immersing 

the leaves in water (1:10) weight/liquid ratio. Three portions of samples were prepared and 

boiled separately in a stainless steel pot immersed in a water bath (temperature =100 
o
C) for 30, 

60, and 90 min, respectively, and filtered. The samples were evaluated for proximate 

composition, minerals, phytochemicals, antinutrients, and physicochemical properties using 

standard methods.  

Results: Protein, carbohydrate, and ash contents and energy value of the drink were affected 

differently by process times. Alkaloids, ascorbic acid, and calcium contents were lowest in 

samples processed by 90 min boiling. Drink processed by boiling the leaves for 60 min had the 

highest pro-vitamin A (12.51 mg/100ml), zinc (3.18 mg/100ml, flavonoid (18.4 g/100ml), and 

carotenoid (17.2 g/100ml), and 90 min processed drink had the highest vitamin B1 (0.35 

mg/100ml) content. The iron contents ranged from 2.8-8.7 mg/100ml, and the values varied 

among different boiling times. Cyanide, phytate, and tannin contents decreased progressively as 

the processing times increased. 

Conclusion: The nutrient contents of Ficus capensis (Moracae) drink were affected by process 

time, however, boiling the leave for 60 min was established as the best process time for 

the  Ficus capensis vegetable drink processing. 



 

 

Ficus capensis Moracae ‘akukoro’ is the specie of the Ficus plant from the family Moraceae and is found in the 

eastern part of Nigeria where it is popularly referred to as “Akukoro” by the Igbos. It is also common in 

terrestrial zones along rivers. Ficus capensis has widespread roots and produces fruits all year round with broad 

green leaves [4]. Ficus vegetable is used for preparing yam sauce, garnish stew, and soup. In communities 

where it is a relish, the drink is a remedy for malaria, cough, sour throat, and diarrhea for individuals with such 

ailments and stomach pain in babies showcasing its nutrceutical potential. Some communities claim that Ficus 

capensis drinks rapidly increased the hemoglobin levels in the treatment of anemia. Ficus capensis drink is 

traditionally consumed partly as blood tonic when prepared as an infusion. Vegetable drink is processed using 

heat treatment such as cooking or boiling, the processes which may have beneficial or detrimental effects on 

their constituents. Long-period processing with heat has detrimental effects on the compositions of vegetables 

and their infusion [7,8]. Ficus capensis drink is produced traditionally by boiling the leaves in water for an 

upward of 2 hours for maximal hue extraction. The processing time may alter the nutritional properties of 

vegetable drinks [5]. Camel et al. noted that the creation of consumer awareness concerning the health benefits 

of different food nutrients resulted in the need to evaluate food processing conditions and effects on the product 

quality [6]. A paucity of information exists on the processing time effect on the composition of the Ficus 

capensis drink which was the main thrust of this work.  
 

2. MATERIAL AND METHODS  

2.1 Procurement of raw materials 

The fresh leaves of Ficus capensis Moracae ‘Akukoro’ were collected from farmland in Enugu Ezike in Igbo Eze North 

Local Government Area in Enugu State, Nigeria. The leaves were identified in the Department of Botany, University of 

Nigeria, Nsukka.  

 

2.2 Preparation of sample 

The destalked Ficus capensis leaves were sorted to remove the immature, insect-infested as well as extraneous 

materials. The Ficus capensis leaves were washed, rinsed in excess water and drained. The leaves were divided into 3 

lots with each weighing 200 g.  Each lot (leaves of Ficus capensis) was transferred separately into 3 different stainless 

steel pots and equal volume of water was added (1:10 w/v ratio) boiled for different time (30, 60, and 90 min) at a 

temperature of 100
o
C maintain in a water bath. Stop watch was used to measure the process time.  

 

2.3 Analyses 

2.3.1 Proximate composition and energy value determination 

The drink was filtered into separate bottles, labeled and kept for analysis. The proximate composition (moisture, protein, 

fat, fibre and ash) of the drink were determined by AOAC methods; carbohydrate was estimated by difference (100 – (% 

protein + % ash + % fat + % crude fibre + % moisture) [9]. The energy was calculated using Atwater’s conversion factors 

(4 x protein, 9 x fat and 4 x carbohydrates). 

  

2.3.2 Selected Vitamins and Mineral content determination 

Selected vitamins (A, B1 and C) contents were determined by AOAC methods and minerals (calcium, iron, and zinc) 

content of the samples were determined spectrophotometrically with Atomic absorption Spectrophotometer as described 

by AOAC [9].  

 

2.3.3. Physicochemical content determination 



 

 

The drinks’ specific gravity was determined with a specific gravity bottle and calculated as described by Ishiwu and Oluka 

[10]. A pH meter was used to determine the pH of the drinks. Titratable acidity was determined as percentage malic acid 

according to AACC [11] method.  

 

2.3.4 Selected phytochemicals and antinutrient content determination 

The antinutrient (phytate and tannin) contents of the drink were determined according to Pearson [12] while the cyanide 

content was analyzed using the methods as described by Onwuka [13]. The phytochemicals (flavonoids and alkaloids) 

contents were determined according to the gravimetric method of Harbone [14] while carotenoids analysis was carried out 

as described by Onyeka and Nwambekwe[15].  

 

2.4 Experimental design and Data analysis 

The experimental design was Completely Randomized design (CRD). All the data collected were analyzed using a one-

way analysis of variance (ANOVA) and mean separation was by Least Significant Difference (LSD)[16]. 

 

3. RESULTS AND DISCUSSION 

3.1. Effect of process time on the proximate composition of Ficus capensis drink 

Table 1 shows the proximate composition of Ficus capensis drink processed by boiling the whole leaves for 30, 

60 and 90 min. The moisture content of the drink ranged from 92.78- 93.84%. Drink processed by boiling leaves for 30 

min (WBF30) recorded the highest moisture content (93.84%). Expectedly, reduction of moisture content was observed in 

drinks processed by longer boiling time. The decrease in moisture content with increased process time is expected and is 

attributable to evaporation of moisture caused by application of heat and increased total solid content. The moisture 

content in all the treatments was found to be within the range of 90.96% specified by Food and Agricultural Organization 

[17] for a drink. 

Table 1: Proximate Composition of Ficus capensis drink processed by boiling the whole leaves at different time 

intervals 

Results are mean of three replications ± SD. Values carrying different super scripts along the same row are significantly 

(p=<.05) different. Key: WBF30 = drink processed by boiling the whole leaves for 30 min; WBF60= drink processed by 

boiling the whole leaves for 60 min; WBF90 =   drink processed by boiling the whole leaves for 90 min. 

  

Carbohydrates and crude protein were present in the drink though in small amount. WBF90 had the highest carbohydrate 

content (5.11%) and WBF30 had the least carbohydrate content (3.58%) convesrly WBF30 recorded the highest protein 

while WBF90, the least. Longer process time caused significant (p<0.05) increase in the carbohydrate content and 

reduction in protein content. The increase observed in carbohydrate content in sample boiled beyond 30 min could be due 

Constituent ( %) WBF30 WBF60 WBF90 LSD 

Protein  2.18
c
± 0.01 1.92

b
± 0.14 1.81

a
 ± 0.01 0.05 

Moisture  93.84
c
± 0.06 92.99

b
±0.01 92.78

a
±0.08 0.19 

Ash  0.41
c
 ± 0.00 0.36

b
± 0.01 0.29

a
 ± 0.01 0.02 

Carbohydrate  3.58
a
± 0.04 4.73

b
± 0.04 5.11

c
 ± 0.06 0.14 

Energy(Kcal/100ml) 23.04
a
± 0.04 26.60

b
±0.4 27.68

c
±0.04 0.20 



 

 

to increased softening of the cell tissues and particle hence their inclusion into the process water and/or due to loss in 

moisture content or reduction of other components [18]. A decrease in the protein content as process time increase was 

attributable to thermal degradation of the proteins and reduced protein solubility due to coagulation. This may affect the 

amount of protein that leached into the liquid thereby reduction on the protein content of the drink. Ajala reported that the 

protein content of Solanum nigrum and Solanecio biafrae reduced to 3.68 and 2.98%, respectively after boiling for 

different periods and attributed it to cellular protein denaturation and release of chlorophyll bound to protein [19]. Such 

free chlorophyll is highly unstable and is readily converted to pheophytin which is olive green to brown in colour [20]. 

  No crude fat and fibre contents were detected in each of the treatments. Absence of fat in the drink is an 

indication that leafy vegetables used as the base material for the drink production is not a good source of fat [21] and/or 

effect of processing on fat. Uzodinma et al. reported a significant reduction of fat content of tamarind seed flour processed 

by boiling the seeds in water and attributed the observation to heat treatment applied[22].Ash content of the drink varied 

from 0.29-0.41%. Fibre was undetected in the infusion probably due to no size reduction and/or due to filtration which may 

have removed most if not all the fibrous materials. Vegetables are consumed for their fibre content which is important in 

the human system when consumed through diets and could decrease bad cholesterol (LDL) levels and coronary heart 

disease risk among others [23]. Dietary fibre promotes beneficial effects including laxation and regulates bowel 

movements [24]. Size reduction as a unit operation in Ficus capensis drink processing is suggested as a way of improving 

the fibre content of the drink. Ficus capensis drinks produced by boiling for 30 min (WBF30) had the highest ash content 

(0.41%). Higher process time led to reduction of the ash content of the drink. The presence of ash connote that the drink 

contain minerals as ash in an index of available minerals. The progressive reduction in ash with increased process time 

may be due to the formation of surface coat on the stainless steel pot use for processing.  

  

3.2 Effect of process time on vitamins and mineral contents of the drink 

         Table 2 present the results of vitamin C, A (calculated as retinol equivalent) and B1contents of Ficus capensis drink 

processed by boiling the whole leaves for 30, 60 and 90 min.  

 

Table 2: Selected vitamin and micronutrient contents of Ficus capensis drink process at different boiling time 

Constituent 

(mg/100ml) 

WBF30 WBF60 WBF90 LSD 

Vitamin C 17.40
c
 ± 0.01 16.92

b
 ± 0.01 13.54

a 
± 0.07 0.15 

Vitamin A(mgRE/100ml) 7.45
a
 ± 0.07 12.51

c
 ± 0.01 10.46

b
 ±0.08 0.19  

Vitamin B1 0.16
a
 ± 0.01 0.28

b
 ± 0.00 0.35

c
 ± 0.00 0.20  

Calcium 27.07
a
 ±0.32 20.78

b
 ± 0.39 18.66

c
 ± 0.21 1.00  

Iron 2.80
a
 ± 0.01 8.70

c
 ± 0.04 5.10

b
 ± 0.01 0.19  

Zinc 1.69
a
 ± 0.03 3.18

c
 ± 0.09 2.90

b
 ± 0.03 0.18 

Results are mean of three replications ± SD. Values carrying different super scripts along the same row are 

significantly(p<0.05) different. Key: WBF30 = drink processed by boiling the whole leaves for 30 min; WBF60= drink 

processed by boiling the whole leaves for 60 min; WBF90 =   drink processed by boiling the whole leaves for 90 

min. 

 



 

 

Vitamin C (ascorbic acid) content of the drink varied from 13.54-17.40 mg/100ml. The processed drink had an 

appreciable quantity of vitamin C and increase in process time decreased the vitamin C content of the drink. An 

appreciable quantity of vitamin C in the drink indicates that Ficus capensis vegetable was rich in vitamin C. Exceeding 

process time of 30 min resulted in 2.76-22.18% reduction in vitamin C which is attributable to oxidation caused by 

prolonged heating. High vitamin C losses of up to 57 and 83% for fresh green leaves of Amaranthus hybridus boiled for 5 

and 20 min, respectively were reported by Mathooko and Imungi [25]. These results corroborate with the report of Bello 

and Fowoyo [8] that prolong boiling of bitter leaf and pumpkin leaf juice led to appreciable loss of vitamin C content which 

was more as the time of boiling increased. López-García et al. reported that vitamin C is heat and light sensitive; it can be 

readily oxidized when exposed to high temperatures over a long period [26].  

 Vitamin A content (calculated as retinol equivalent) ranged from 7.45-12.51 mgRe/100ml. Vitamin A (as retinol 

equivalent) was seen to increase as the process time increased to 60 min with the value of 12.51 mg/100ml, and then 

decreased by 16.39% when processed time reached 90 min. Vitamin B1 (Thiamin) content of the samples ranged from 

0.16-0.35 mg/100ml. The content of vitamin B1 increased as the process time increased and the values (P<.05) differed 

among the process time. The content of vitamin B1 increased as the boiling time increased and the values differed among 

the process time. Thiamin is readily soluble in water and stable at cooking temperature compared to ascorbic acid 

especially in slightly acid solution [27].  Calcium content ranged from 18.66 to 27.07 mg/100ml. More calcium content 

(27.07 mg/100ml) was observed in sample processed by 30 min (WBF30) and value later decreased progressively as the 

process time increased. The gradual reduction of calcium value with increased process time may be attributed to the 

formation of coat on the surface of the pot by calcium. Decrease in solubility of calcium carbonate, encourages its 

precipitation and deposit on the cooking utensil. Significant (P<.05) differences exist in the iron contents among the 

treatments. The drink produced by boiling the leaves for 60 min (WBF60) contained more iron (8.7 mg/100ml) compared 

to 30 and 90 min. The increase in iron content from 0.26-0.35 mg/100ml may be due to leaching of soluble iron into the 

boiling water. Yadav and Sehgal reported that longer blanching time increased ironizable iron and available (soluble) iron 

from 6.47 to 7.74% and 3.53 to 4.13% between 5 to 10 min and attributed the increase to reduction of oxalic acid, phytic 

acid and polyphenolics by blanching process [28]. In several studies, cooking was shown to both increase and decrease 

the mineral content in green leafy vegetable [29,30] and the discrepancies found in the mineral content during cooking 

were ascribed to differences in duration of cooking. This could account to the variation of iron content observed in the 

study. The level of iron observed in the present study explained the traditional preference of using Ficus capensis drink to 

boost haemoglobin levels in human treatment of anaemia since iron has an important role as a constituent of hemoglobin 

[17]. Zinc content of the drink followed the same trend as iron. The zinc value of the drink varied from 1.69-3.18 

mg/100ml. WBF60 had the highest zinc content (3.18 mg/100ml) while (WBF30) had the least. The high zinc value in the 

drink is of interest as zinc is one of the micronutrients that is deficient in most populations. Zinc deficiency affects on the 

estimate 68% of the population in Sub-Saharan Africa [31]. Consumption of the extracts would help to meet the 

recommended daily Allowance (RDA) of 3 mg of zinc for a certain age (infant- 7-12 months (2 mg) and toddlers- 1- 2 

years (3 mg) of the population and between 79.5 and 24.3 – % of RDI of children between 4 and 18, respectively [32].  

Dark-green leafy vegetables have been listed as suitable alternatives to increase zinc intake for vegetarian infant. Zinc is 

necessary for protein and blood formation and to maintain vitamin A concentration in plasma and also essential for 

growth, neurobehavioral development, reproduction, antioxidant protection, membrane stabilization, immune and sensory 

function [33]. 

 



 

 

 

3.3 Effect of process time on physicochemical properties of Ficus capensis vegetable drink 

Titratable acidity (as percent malic acid) (Table 3) ranged from 0.02-0.06%. The titratable acidity was highest in the 

sample processed by 30 min (WBF30) and decreased as boiling time increased. The pH values ranged from 5.2-6.0 with 

WBF90 having the highest value. The drink (WBF90) with the lowest titratable acid had the highest pH as pH is inversely 

related to acidity. Isolated pure alkaloids and their synthetic derivatives are potent analgesic, antispasmodic and 

bactericidal agents [34]. The rich flavonoids content of the drinks may confer antibacterial, anti-inflammatory, anti-allergic, 

anti-mutagenic, antiviral, antineoplastic, anti-thrombotic, vasodilatory activity and the superoxide anions, lipid peroxy and 

hydroxyl radicals scavenging ability as reported by various authors[34,35]. The specific gravity of the drink was similar 

(0.99) in all the treatments hence were not affected by the process time.  

 

Table 3: Physicochemical properties of Ficus capensis vegetable drink processed at different boiling time 

Parameter WBF30 WBF60 WBF90 LSD 

%Titrable acidity (malic)  0.06
 a
 ± 0.00 0.03

 a
 ±0.01 0.02

 a
 ± 0.00 0.00 

pH 5.2
 a
 ± 0.00 5.70

b
 ±0.00 6.00

c
 ± 0.00 0.12 

Specific gravity 0.99
 a
 ± 0.00 0.99

 a
 ±0.00 0.99

 a
 ± 0.00 0.00 

Results are mean of three replications ± SD. Values carrying different super scripts along the same row are 

significantly(p <0.05) different. Key: WBF30 = drink processed by boiling the whole leaves for 30 min; WBF60= 

drink processed by boiling the whole leaves for 60 min; WBF90 =   drink processed by boiling the whole leaves for 

90 min. 

 

3.4 Effect of process time on selected phytochemicals and antinutrient content of Ficus capensis drink 

The results of the selected phytochemical and antinutrient contents of Ficus capensis vegetable drinks as affected by 

process time are presented in Table 4. The result showed that the processed Ficus capensis drink was rich in alkaloid, 

flavonoid and carotenoids. The alkaloid content of the drink ranged from 2.24-3.62 g/100ml.  Highest alkaloid content 

(3.62 g/100ml) was observed in drink produced by 30 min boiling (WBF30) which decreased as process time increased to 

90 min. The flavonoid content ranged from 0.99-1.84 g/100ml. Sample produced by boiling for 60 min (WBF60) recorded 

the highest flavonoid content (1.84 g/100ml) while WBF90 had the least flavonoid content. The carotenoid content ranged 

from 1.02-1.72 g/100ml. The drink processed by boiling the leaves for 60 min had the highest (1.72 g/100ml) carotenoid. 

Anti-nutrients are valuable active ingredients in food and drinks when used at low levels [36]. Process time has a 

reduction effect on all the anti-nutritional factors analyzed. WBF30 recorded the highest phytate content (0.13 mg/100ml) 

which decreased with increase in process time. Tannin occurred at a level of 1.64 mg/100ml in the drink processed by 

boiling for 30 min which was undetected with an increase in process time to 60 and 90 min.   Plant tannins, a major group 

of antioxidant polyphenols found in food and beverages has multifunctional properties to human health. Tannins among 

other antinutrients have potential antiviral, antibacterial and anti-parasitic effects [36, 37]. The cyanide content ranged 

from 0.21-0.75 mg/100ml and the drink processed by 30 min boiling had the highest cyanide content. The decrease in 

cyanide content with increased process time and subsequent absence in 60 and 90 min processed sample may be 

attributed to the volatility of cyanide at high temperature (100 
o
C) and/or prolonged time since cyanide is a volatile 

compound. High concentrations of hydrogen cyanide can be very poisonous to human health if consumed [38]. 

 



 

 

 

 

Table 4: Phytochemical and antinutrient contents of Ficus capensis drink processed at different stage of boiling  

Constituent WBF30 WBF60 WBF90 LSD 

Alkaloids (g/100ml) 3.62
c
 ± 0.11 2.57

b
 ± 0.06 2.24

a
 ± 0.00 0.23 

Flavonoids (g/100ml) 1.03
a
 ± 0.00 1.84

b
 ± 0.06 0.99

a
 ± 0.00 0.12 

Carotenoids(g/100ml) 1.02
b
 ± 0.07 1.72

c
 ± 0.54 1.48

a
 ± 0.40 0.01 

Phytate (mg/100ml) 0.13
a
 ± 0.00 0.09

a
 ± 0.00 nd 0.00 

Tannins (mg/100ml) 1.64 ± 0.03 nd nd 0.00 

Cyanide (mg/100ml) 0.75
b
 ± 0.57 0.31

a
 ± 0.01 0.21

a
 ± 0.01 0.12 

Results are mean of three replications ± SD. Values carrying different super scripts along the same row are significantly 

(p< =0.05) different. Key: WBF30 = drink processed by boiling the whole leaves for 30 min; WBF60= drink processed by 

boiling the whole leaves for 60 min; WBF90 =   drink processed by boiling the whole leaves for 90 min. nd= none 

determined 

 

4. Conclusions 

This work had shown that duration of boiling affects the properties of Ficus capensis vegetable drinks. Tannins, phytate 

and cyanide contents were low in the processed drinks. Boiling the vegetable leaf for 60 min gave the highest pro-vitamin 

A, iron, zinc, flavonoid, carotenoid, vitamin C, calcium, and alkaloid contents suggesting 60min as the best length of time 

to process the drink. The rich micronutrient (iron, zinc and vitamin A) and phytochemical contents show that the drink 

could help in ameliorating certain deficiencies in the area where these products are consumed. 

 

References 

1 Mosha TC, Gaga HE. Nutritive value and effect of             blanching on trypsin and Chymotrypsin inhibitor 

activities of selected leafy vegetables. Plant Foods Hum. Nutr., 1999; 54:271-283. DOI:10.1023/A:1008157508445 

 

2 Ayinde BA, Owolabi OJ. Effects of the aqueous extracts of vegetables leaf on gastrointestinal motility. J. 

Pharmacognosy Phytother., 2009; 1(3):031-035.  Available online at http://www.academicjournals.org/jpp 

 

3 Enwere NJ, Ude IO. A study of the production and analysis of vegetable juice            prepared          from fluted pumpkin 

(Telferia occidentalis) leaves. HERAN; 2005; 6:9-14.  

 

4 Arnold TH, Dewet BC. Plants of Southern African: names and distribution, Men Bot. Surv. Africa, 1993,  no. 62. 

5 Shomer R, Cogan U, Mannheim CH. Thermal Death Parameters of Orange Juice and Effect of Minimal Heat Treatment 

and Carbon Dioxide on Shelf-Life. J Food Process Pres, 1994; 18:305-315. DOI: 10.1111/j.1745-4549.1994.tb00254.x 

6 Camel L, Yann C, Adjovi S, Latifou L, Fructueux OG, Ornella D, Raoul KK, Ambaliou S.  Effect of Combining Ultrasound 

and Mild Heat Treatment on Physicochemical, Nutritional Quality and Microbiological Properties of Pineapple Juice. FNS, 

2018; 8(1):227-241. DOI: 10.4236/fns.2017.82015 

https://doi.org/10.1023/A%3A1008157508445
http://www.academicjournals.org/jpp
http://dx.doi.org/10.1111/j.1745-4549.1994.tb00254.x
https://doi.org/10.4236/fns.2017.82015


 

 

 

7 Fasuyi AO. Nutrition Potential of Some Tropical Vegetable Meals: Chemical Characterization and              Functional 

Properties.  Afr. J. Biotechnol., 2006;  5(1):49-53.  http://www.academicjournals.org/AJB 

 

8 Bello AA, Fowoyo PT. Effect of heat on the ascorbic acid content of dark green leafy vegetables and citrus fruits. Afri J 

Food Sci Technol., 2014; 5(4):114-118.  DOI:10.14303/AJFST.2014.032 

 

9 AOAC. Association of Analytical Chemists, Official Methods of Analysis, 18th ed., Washington D.C., U.S.A., 2010. 

 

10 Ishiwu CN, Oluka SI. Development and Performance Evaluation of Juice Extractor. Proceedings of the 15
th
 

International Conference and 26
th
 Annual General Meeting of the Nigerian Institution of Agricultural Engineers, Publisher, 

City, Country, 2004; pp.391-395. DOI:10.xxxx/123456789XYZ 

 

11 AACC (2000). Laboratory Methods.10
th
 edn. American Association of Cereal Chemists. St 

 

12 Pearson  D. The Chemical Analysis of Foods. Churchill and Livingstone, London New York, 1976; p.167 

 

13 Onwuka GI. Food Analysis and Instrumentation, Theory and Practice. Naphthali Prints Lagos,  Nigeria, 2005;  p.143. 

 

14 Harborne JB. Phytochemical Methods: A guide to Modern Techniques of Plant Analysis. Chapman and Hall Publisher, 

New York, 1980; pp.32-35. 

 

15 Onyeka EU, Nwambekwe IO. Phytochemical profile of some green leafy Vegetables. NIFOJ., 2007; 1:72-82. DOI: 

10.4314/nifoj.v25i1.33655 

  

16 Steel GD, Torrie JH. Principles and procedures of statistics: A biometrical approach. MC Graw-Hill book company 

incorporated, New York, 1980; pp. 5-102. 

  

17 FAO. Fruits and Vegetable Processing. Available online: www.fao.org/docrep/v 5030e06.htm. (accessed 12 July, 

2012) 

18 Fernando M, Tiziana F. Solubility of Carbohydrate in Subcritical Water. Available online: www.goggle.com, (accessed 

12 July, 2012) 

 

19 Ajala L. The Effect of Boiling on the Nutrients and Anti-Nutrients in Two non conventional vegetables. Pakistan J Nutr, 

2009; 8(9):1430-1433 

 

20 Komolafe EA.; Obayanju V.S. Principle of Food Processing and Preservation. 1st Edn. Double Birth Publishers, 2003; 

pp: 87 

21 Olaiya C, Adebisi J. Phytochemical Evaluation of the Nutritional Values of ten Green Leafy Vegetables in South-

Western Nigeria. The Internet J. Nutr. Wellness, 2010; 9(2):1-7.   DOI:10.5580/1150 

http://www.academicjournals.org/AJB
https://doi.org/10.14303/AJFST.2014.032
https://doi.org/10.4314/nifoj.v25i1.33655
http://www.goggle.com/
https://doi.org/10.5580/1150


 

 

 

22 Uzodinma EO, Osagiede EG, Chikwendu JN. Effect of Different Processing Methods on Chemical and Pasting 

Properties of Tamarind (Tamarindus Indica L.) Seed Flours. Agro Science, 2020; 19(1):1-10. DOI: 10.4314/as.v19i1.1 

  

23 Plaami SP. Content of dietary fibre in foods and its physiological effects. Food Rev. Int, 1997; 13(1):29-76. 

doi.org/10.1080/87559129709541097 

24 Topping DL. Clifton P.M. Short chain fatty acid and human calorific function: roles of resistant starch and non-

polysaccharides. Physiol Rev., 2001,  81:1031-1064. DOI:10.1152/physrev.2001.81.3.1031 

25 Mathooko FM, Imungi JK. Ascorbic acid changes in three indigenous Kenyan leafy vegetables during traditional 

cooking. Ecol Food Nutr, 1994; 32:239-245. https://doi.org/10.1080/03670244.1994.9991404 

26 López-García G, Ramiro Baeza-Jiménez R,  Garcia-Galindo HS, Dublán-García O, Lopez-Martinez LX. Cooking 

treatments effect on bioactive compounds and antioxidant activity of quintonil (Amaranthus hybridus) harvested in spring 

and fall seasons. CYTA J Food, 2018. 16(1):707-714. DOI: 10.1080/19476337.2018.1475422 

27 Sivasakar B. Food Processing and Preservation. PHL Learning Limited, New Delhi, 2010; pp. 84-85. 

28 Yadav SK,  Sehgal S. Effect of Domestic Processing and Cooking Methods on Total, HCl Extractable Iron and in vitro 

availability of Iron in Spinach and Amaranth Leaves.  Nutrition and health (Berkhamsted, Hertfordshire), 2002; 16(2):113-

120,  DOI: 10.1177/026010600201600205 

29 Kwashima LM, Valente Soares LM.  Effect of blanching time on selective mineral elements extraction from the spinach 

substitute (Tetragonia expansa) commonly used in Brazil. Food Sci. Technol (Campinas), 2005; 25(3):419-424, DOI: 

10.1590/S0101-20612005000300005 

30 Kala A, Prakash J. Nutritional composition and sensory profile of microwave and conventionally cooked vegetables. 

Food Res. Int, 2005;  15(1):1 – 12.  DOI:10.1111/j.1745-4506.2004.01511.x 

31 Onyemaobi GA, Onimawo IA. Zinc Status of Under-Five Children in Rural and Urban Imo State, Nigeria. JBASR, 2011; 

1(6):451-455. Scientific Research www.textroad.com 

32 Jordan JO. Recommended Daily Allowances (RDA). 2013, Available online: 

http://www.puristat.com/standardamericandiet/rda.aspx (accessed 25 April, 2019) 

 

33 National Health and Medical Research Council. Nutrient reference values for Australia and New Zealand including 

recommended dietary intakes. Canberra: NHMRC; 2006 Available from: 

http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/n35.pdf. 

 34 Okwu DE. Phytochemicals and vitamin content of indigenous spices of south eastern Nigeria. J Sustain Agr., 2004; 

6(1):30-37. 

35 Okwu DE, Josiah C. Evaluation of the Chemical Composition of two Nigerian Medicinal Plants. Biotechnol. J., 2006; 

5(4):357-361. DOI:10.4314/AJB.V5I4 

https://doi.org/10.4314/as.v19i1.1
http://dx.doi.org/10.1152/physrev.2001.81.3.1031
https://doi.org/10.1080/03670244.1994.9991404
http://dx.doi.org/10.1080/19476337.2018.1475422
http://dx.doi.org/10.1177/026010600201600205
http://dx.doi.org/10.1590/S0101-20612005000300005
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/n35.pdf
https://doi.org/10.4314/AJB.V5I4


 

 

36 Popova A, Mihaylova D. Antinutrients in plant-based foods: A Review. TOBIOTJ, 2019; 13:68-76. DOI: 

10.2174/1874070701913010068 

37 Boua Boua B, Ouattara D, Traoré L, Akhanovna J, Békro M, Békro YA. Effect of domestic cooking on the total 

phenolic, flavonoid and condensed tannin content from plantain of Côte d’Ivoire. J. Mater. Environ. Sci., 2020; 11(3):396-

403 

 

38 Aletor VA. Adeogun O.A. Nutrients and anti-nutrient components of some tropical leafy vegetables. Fd Chem., 1995; 

54 (4):375-379. 

 

 
 
 
 
 
 
 

 

http://dx.doi.org/10.2174/1874070701913010068

