Studies on the Nutritional, Minerals, Mineral ratio, Anti-nutritional, Molar Ratio and
Antioxidant compositions of Four Selected Leafy Wild Vegetables in Ado-EKkiti, Ekiti State,
Nigeria

ABSTRACT
The study investigated the nutritional, mineral Anti-nutritional factors, molar ratios and

antioxidants compositions in the leaves of four selected wild edible vegetables (Piper guinensis,
Piper umbelatum, Celosiaargentia and Jatropha tajorensis) collected in Ado EKkiti, Ekiti State,
Nigeria. The proximate, minerals and anti-nutrient compositions of the samples were determined
using standard procedures. Also antioxidant activity of the samples were detected using standard
assays such as 1, 1, diphenyl-2-2 picrylhydrazyl (DDPH) and Ferric Reducing Antioxidant
Potential (FRAP).The mineral ratio, molar ratio and Mineral Safety Index were calculated from
mineral results. The results of the proximate compositions for the four wild vegetables for
moisture content, ash, crude fat, crude fiber, crude protein and carbohydrate ranged from 11.16 -
12.15%, 2.76-4.03%, 4.07 -7.31%, 13.33-16.73%, 7.36 — 10.09%, and 52.09 -58.22%
respectively,. The results of the mineral composition revealed high content of K, moderate
content of Ca, P, and low contents of Mg, Fe, Zn,Cu and very low concentrations of Pb and Ni.
Cd was absent in all the samples investigated. Zn/Cu and Fe/Cu ratios indicated low copper load.
Antinutrients factors in the vegetable were low with the exception of phytate which can be
reduced to non-toxic level through boiling or cooking. The calculatedmole ratio for [Phy][Zn],
[Ca]/[Phy], [Phy]/[Fe] and [Ca][Phy]/[Zn] conformed with the standard values. The results of the
antioxidant properties showed that the wild vegetables are good natural antioxidant sources. The
assessment of the vegetables showed that they are rich sources of crude protein, crude fiber and
carbohydrate with high energy calories. The mineral ratios and mineral safety index suggested
that the minerals could not pose any mineral load to human body. Hence, the vegetables could be
explored as supplement diet for man. The vegetables could provide the needed nutrition health
benefit and also help in addressing the problem of food security in Nigeria.

Keywords: Vegetables, anti-nutrients, antioxidants, bioavailability, Jatropha tajorensis, Piper
guinensis, Piper umbelatum, malnutrition.

1. INTRODUCTION

Low standard of living as a result of low economic status in Nigeria has led to consumption of
poor and unhealthy diets. This has resulted in unbalanced nutrition with malnutrition and causes
of chronic diseases such as diabetes, hypertension, cancer, obesity, respiratory disorder and other
cardiovascular diseases[1]. The uses of vegetables for food security in the nation cannot be
underestimated most especially in Nigeria and Sub- Sahara Africa where malnutrition and
hunger threatens millions of people in in Sub Sahara Africa [2].

“Vegetables occupy an important place among food crops as they provide adequate amount of
minerals and vitamins for humans” [3]. Nnamani et al. [4] reported vegetables to be important

1



sources of protective foods. Also, [5] and [6] reported that more than 900 millions of people are
undernourished and over two billion people are afflicted by one or more micronutrients.
Borokiniet al.[7] stipulated that food plants such as leafy vegetables have played an important
role in human nutrition especially in the aspect of food scarcity and micronutrient deficiencies.
Lyatuu and Lebose [8] also noted that indigenous vegetables are getting more popularity than
ever before due to their contributions in nutrition security to millions of people. Also, [9] in their
findings emphasised that leafy vegetables contribute sustainably to protein, minerals, vitamins,
fibers and other nutrients which are in short supply in people diets. Proteins in vegetables are
ascertained to be superior to those in fruits but inferior to those in grains [10]. “Fats and oil
obtained from vegetable had been reported to lower blood lipids thereby reducing the
occurrences of diseases associated with coronary diseases” [11].

Apart from vegetables as food, it also serves as medicine to manage various ailments for their
therapeutic properties. Aregheore [12] reported that anti-nutrient substances such as phytic acid,
flavonoids, tannins, saponins and alkaloids are present in most vegetables. According to Jimoh
and Afolayan [13], most leafy vegetables contain anti-nutrients of which most of these acts as
antioxidants and are responsible for their therapeutic properties.

Consequent of the above, this research work is designed to examine the nutritional, minerals and
antioxidant compositions of the leaves of four locally consumed vegetables respectively.

2. MATERIALS AND METHODS
2.1 Collection and preparation of samples

The matured leaves of indigenous vegetables of Celosia argentea and Jatropha tajorensis were
obtained from Oba’s market, Ado Ekitiwhile those of Piperguinensis, Piper umbelatum were
obtainedfromfarmlands in Ado EKkiti. The leaves were separated from the shoots, rinsed with
distilled water and air dried for three weeks. The air dried leaves were pulverized into powdery
form and stored separately in a covered plastic rubber at ambient temperature until it was ready
for analysis at the Department of Chemical Sciences, Afe Babalola University, Ado-EKkiti,
Nigeria.

2.2 Proximate Analysis

Proximate analysis of the powdered sample was carried out to determine moisture, ash, crude
fiber and crude fat using standard methods of AOAC [14], protein was determined by the
Kjeldahl method [15]. Carbohydrate was determined by the difference.

2.2.1 Moisture content determination

Moisture content of the powdered samples was determining using AOAC [14] method. The
sample (5g) was weighed into already weighed clean dry cans. The cans with the samples were
then placed in the oven at 105°C to dry until constant weight was determined using the formula:

% Moisture Content (MC) = W, —W; X 100
W, -W;1

Where

W; = Weight of empty can; W, = Weight of can + sample before drying; W3 = Weight of can +
sample after drying.



The dry matter was used in the determination of other parameters. The protein content was
determined using Micro Kjedhal method by multiplying the total organic nitrogen by 6.25
AOAC [14]. Carbohydrate content was determined by the differences obtained after subtracting
the total Nitrogen protein, fat, ash, fiber from the total dry matter and expressed as percentage
AOAC [14].

Available Carbohydrate = (100 - %omoisture +% ash +% protein + %Fibre).

Ash continent was determined by incineration of 10.0 g sample placed in a muffle furnace
maintained at 550°C for 5h. Crude fibre was obtained by digesting 2.0g of the samples with
H,SO4 and NaOH and incinerating the residue in a muffle furnace maintained at 550°C for
5h.Crude fat was obtained exhaustively extracting 5.0g of the sample in Soxhlet apparatus using
petroleum boiling range 40-60°C as extract.

2.3 Determination of mineral compositions

One gram (1g) of the powdered sample was digested with 10ml of concentrated Nitric acid, 3ml
of 60% Perchloric acid and 1ml of concentrated H,SO,. After cooling, the digest was diluted
with 50ml de-ionised distil water filtered with Whatman No 42 filler paper and the filtrate was
made up to 100ml in a glass volumetric flask with de-ionised distil water. Filtered solution was
used to determined Zn, Fe, Mn, Cu, Pb and Cd by means of Atomic Absorption
Spectrophotometer (Bulk Scientific 210 VP Spectrophotometer). The macro-elements Sodium
and Potassium were analysed by Flame Photometer-Jenway (FP) 902 unit-122. Phosphorus was
analysed by Jenway 6 Compressor. All chemicals used are of British Drug House (BDH,
London, UK) analytical grade.

2.4 Determination of Energy

This was calculated using Atwater factor method as described by [16]. The estimated energy
value in the samples in Kilocalorie (Kcal/100g) was determined by adding the multiply values
for crude fat, crude protein and carbohydrate using the factor (9Kcal, 4Kcal and 4Kcal)
respectively. The energy value in Kilojoule was determined by adding the multiply values for
crude fat, crude protein and carbohydrate using the factor (37Kcal, 17Kcal and 17Kcal)
respectively.

2.5 Determination of Anti- oxidants

DPPH Determination (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay .The free
radical scavenging ability of the sample against DPPH (1, 1-diphenyl-2-picrylhydrazyl) was
determined using the method of Gyamfi et al. [17]. An aliquot of 1 ml of the sample was mixed
with 1 ml of 0.4 mM DPPH solution and the mixture was left in the dark for 30 min before
measuring the absorbance at 517 nm on JENWAY UV-visible spectrophotometer (JENWAY
Inc.). The DPPH inhibition ability was calculated in percentages.

FRAP Determination (Ferric Reducing Antioxidant Power). The reducing property of the
extract was determined as described by Pulido et al. [18]. An aliquot of 0.25 ml of the extract
was mixed with 0.25 ml of 200 mM of sodium phosphate buffer pH 6.6 and 0.25 ml of 1%
Potassium Ferrocyanate (KFC). The mixture was incubated at 50 °C for 20 min followed by the
addition of 0.25 ml of 10% Tricarboxylic acid (TCA). The mixture was centrifuged at 2,000 rpm



for 10 min and 1 ml of the supernatant was mixed with equal volume of distilled water and 0.1%
of iron (111) chloride (FeCls) and the absorbance was measured at 700 nm using a JENWAY
UV-visible spectrophotometer. FRAP values were obtained by comparing the absorption change
in the test mixture with those obtained from increasing concentrations of Fe?* and express in
mg/kg.

2.6 Other Calculations
Other calculations made from the mineral elements include mineral ratios and Mineral Safety
Index (MSI).

2.7 Determination of some Anti-nutrient substances

The Oxalate content was determined using High Pressure Liquid Chromatograph
(HPLC)methods described by Wilsonet al. [19] while Phytate and Cyanide were determined
according to methods described by Wheeler and Ferrel [20] and AOAC [21] respectively.

2.8 Determination of molar ratio of antinutrients to minerals

The mole of phytate and minerals was determined by dividing the weight of phytate and mineral
with its atomic weight (Phytate: 660g/mol.; Fe: 55.85g/mol.; Zn: 65.38g/mol.; Ca: 40.08g/mol.).
The molar ratio between antinutrient and mineral was obtained using the formula described by
Woldegiorgis et al. [22].

Molar ratio = [Moles of antinutrient] / [Moles of mineral] = [mg antinutrient/MW of antinutrient]
/ [mg mineral/ MW of mineral]. Where MW = atomic weight.

2.9 Calculation of the mole ratio
The [phytate]:[Zn], [Ca]:[phytate], [phytate]:[Fe] and [Ca][phytate]:[Zn] mole ratios were
calculated as previously described by Wyatt et al. [23]; IZINCG [24].

Statistical Analysis

Descriptive statistics (mean, standard deviation and coefficient of variation) [25] were
determined and all data were subjected to Chi-square (X?) test to determine significant difference
among the results obtained [26].

3 RESULTS

The result of the proximate compositions as shown in the Table 1 revealed moisture values
ranged from 11.16%-12.15%, ash ranged from 2.76-4.03%, crude fat (4.07-7.30 %), crude fiber
(13.33-16.73%) while moderate amount of crude protein ranged from 7.36% in J. tajorensis to
10.90% in P. umbelatum. Statistical analysis at P<0.05 revealed that there are significant
differences among the selected wild vegetables investigated. The vegetables were rich in
carbohydrate contents which ranged from 52.09% to 58.22%. J. tojerensis had the highest value
58.22% while P. umbelatum had the highest content (52.09%) of carbohydrate. The proportion
of percentage contribution to total energy from the proximate values depicts that the total energy
in KJ/100g for the four wild vegetables were very high. The results are 1265.8, 1327.5, 1302.2
and 1265.5 KJ/100g for P. guinensis, P. umbelatum, C. argentea and J. tajorensis respectively.



Carbohydrate had the highest energy percentage proportion with mean value of 935.04KJ/100g
(72.22%) followed by crude fat and crude protein. The CV% of the parameters were low (Table
2).

3.1 Mineral Composition

The results of the mineral composition as presented in Table 3 revealed that all the wild
vegetables have high contents of K (21.19-32.54mg/100g), moderate content of Ca, P and low
contents of Mg, Fe, Zn, Cu and very low concentrations of Pb and Ni. Cd was absent in all the
samples analysed (Table 3).

The calculated mineral ratios of the four vegetables (Table 4) showed that Na/K, K/Na, Ca/P,
Na/Mg and Ca/K were below the critical mineral ratio level while Ca/Mg conformed to the
standard values while Zn/Cu and Fe/Cu ratios indicated low copper content. The calculated
[Phy]/[Zn], [Ca]/[Phy], [Phy]/[Fe] and [Ca][Phy]/[Zn] mole ratio were below the minimum good
ratios. Table 5 revealed the Mineral Safety Index (MSI) values of four selected wild vegetables.
The results of the calculated values were lower than the tabulated values of MSI for Na, Mg, P,
Ca, Fe, Zn and Cu. All the mineral gave positive differences.

The antinutrients in the study showed low antinutrient content (Table 6) with the exception of
phytate which can be reduce to non-toxic level through boiling or cooking. The antioxidant free
radical scavenging activity of the four vegetables was high mostly in P. guinensis(Table 7).
DPPH ranged in P. guinensis>P umbelatum>C. argentea>J. tajorensis respectively. Also, FRAP
showed in P. guinensis>T. tajorensis>P. umbelatum>C. argentea.

Table 1: Proximate composition of Four Selected Leafy Wild Vegetables

Veagetables Moisture Ash Crude Fat Crude fibre (E)/rude protein (E)/arbohydrate
g content (%) (%) (%) (%) (%) (%)

Piper guinensis 11.16+ 0.07d  4.03+0.01a 6.68+0.05ab 13.33+0.05b 9.86+0.01b 55.06% 0.01b

Piper umbelatum 11.39+0.04c 3.85+0.01b 7.31+0.00a  15.26+0.01ab 10.09+ 0.04a 52.09+ 0.02c

Celosia argentea 12.15+0.03a 3.18+0.01c 6.55+0.51b  14.37+ 0.00b 8.76+ 0.02c 54.64+ 0.04b




Jatrophatajorensis 1) ge 0 0an  2.76:0.12d  4.07+0.02c  16.73+1.44a  7.36+ 0.00d 58.22+ 0.02a

Mean 11.64 3.46 6.15 14.92 9.02 55.00
sD 0.45 0.59 1.43 1.44 1.25 2.52
C\V% 3.87 17.05 23.24 9.65 13.86 4.58

Means followed by the same letter within column are not significantly different at P< 0.05, SD- Standard
deviation, CVV%- Coefficient of variation

Table 2: Proportion of percentage contribution from fat, protein and carbohydrate to total

energy
Parameter A B C D Mean SD CV%
Totalenergy  1,265.8 1,327.5 1,302.2 12655 1,2948 33.73 2.61
E in kJ/100g)
(Ein
kcal/100g) 3198 3145 3126 29895 31146  8.88 2.85




PEF % 24716 27047 24235 15059  227.64  52.82 23.20
(E in kJ/100g)

(Ein

kcal/100g9) 60.12 65.79 58.95 36.63 55.37 12.84 23.19
PEP % 82.62 171.53  35.0431 125.12 132.05 38.01 28.78
(E in kJ/100g)

(Ein

kcal/100g) 39.44 40.36 35.04 29.44 36.07 4.99 13.83
PEC % 936.02  885.53 928.88  989.74 935.04 42.74 4.57
(E in kJ/100g)

(Ein

kcal/100g) 220.24  208.36 21856  232.88 220.01 10.06 4.57
UEDP % 49.57 102.92  89.35 75.07 79.23 22.81 28.79
(Ein

kJ/1009)

(Ein

kcal/100g) 23.66 24.22 21.02 17.66 21.64 2.99 13.82

PEF = proportion of total energy due to fat; PEP = proportion of total energy due to protein; PEC
= proportion of total energy due to carbohydrate; UEDP = utilization of 60% of PEP %,SD-
Standard deviation, CV%- Coefficient of variation

KEY

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis

Table 3: Mineral composition of Four SelectedLeafy Wild Vegetables (mg/100g)

Sample Min  Max Remark
Parameter Mean SD CV%  (x) (X) )
B C D x
Na 11.38  12.00 8.67 10.25 1058 1.46 1380 867 120 0395 NS
K 3254 3167  27.37 2119 2819 519 1841 2119 3254 2863 NS
P 8.02 751 9.21 9.57 858 0.97 1131 751 957 0331 NS
Ca 1957 2062  16.62 19.36 19.04 171 898 16.62 20.62 0459 NS




Mg 2.85 3.02 2.67 2.62 278 0178 640 262 3.02 0036 NS
Mn 0.03 0.03 0.05 0.06 0.178 028 157.3 0.03 0.60 4159 NS
Fe 0.20 0.19 0.05 0.06 0.125 0.081 64.80 0.05 02 0140 NS
Zn 0.17 0.16 0.19 0.17 0.173 0.012 694 016 019 0002 NS
Cu 0.02 0.01 0.02 0.02 0.017 0.0005 294 0.01 002 0000 NS
Pb 0.001 0.002 0.001 0.002 0.015 0.000 3.80 0.001 0.002 0000 NS
Cd ND ND ND ND ND ND ND ND ND - NS
Ni 0.001 0.001 0.00 0.001 0.0007 0.0005 1.42 0.00 0.001 0000 NS

Chi-square (Xz)at P=0.05, V=n-1=3Critical value = 7.81, S=results significantly different NS=results not

significantly different, SD- Standard deviation, CV%- Coefficient of variation

KEY

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis

Table 4: Calculated mineral ratios of Four Selected Leafy Wild Vegetables

) ) Sample Mean SD CV%
Mineral ratio  Standard
B C D

Na/K 0.06 0.349 0.378 0.316 0.483 0.382 0.07 18.32

K/Na 5.0 2.857 2.639 3.157 2.067 2.18 1.43 65.59

Ca/P >0.5 2.440 2.75 1.89 2.02 2.28 0.39 17.10




Ca/Mg
Na/Mg

Ca/lK
[K/(Ca+Mg)]
Zn/Cu

Fe/Cu

Ca/Pb

Fe/Pb

Zn/Cd

6.67
4.17
4.0
2.2
4.75
5.59

6.86 6.83
3.99 3.97
0.601 0.65
1.45 1.34
8.50 16.0
10.0 19.0
19,570 10,310
200 95
0.0 0.0

6.23
3.25
0.61
1.42
9.5
25
16,620
50
0.0

7.39
3.91
0.91
0.96
8.5
3.0
9,680
30
0.0

6.83
3.73
0.69
1.29
10.63
8.63
14,045
86.25

0.47
0.33
0.14
0.23
3.61
7.71
4835.9
85.16

6.88
8.85
20.28
17.83
33.96
89.34
34.43
98.74

SD- Standard deviation, CVV%- Coefficient of variation

KEY

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis



Table 5: Mineral safety index (MSI) of Na, Mg, P, Ca, Fe, Zn, Cu

Sample Na Mg P Ca Fe Zn Cu
TVof CV D v Ccv D v Ccv D v Ccv D v Ccv D v Ccv D v Ccv D
MSI
A 4.80 0.11 469 150 011 14.89 10.0 0.066 9.93 10.0 0.160 9.84 6.70 0.089 6.61 33.0 0.37 32.63 33.0 0.22 32.78
B 4.80 0.12 468 150 0.11 14.89 10.0 0.063 9.94 10.0 0.172  9.83 6.70 0.071 6.63 33.0 0.35 32.65 33.0 0.11 32.89
C 4.80 0.08 472 150 0.10 14.90 10.0 0.077 9.92 10.0 0.138 9.86 6.70 0.022 6.68 33.0 0.42 3258 33.0 0.22 32.78
D 4.80 0.10 470 150 0.0 14.99 10.0 0.079 9.92 10.0 0.161 9.84 6.70 0.027 6.67 33.0 0.37 32.63 33.0 0.22 32.78
Mean - 0.103 468 - 0.083 - 0.071 9.93 - 0.157 9.84 - 0.052 6.65 - 0.277  32..62 - 0.192 3281
SD - 0.017 017 - 0.048 - 7.93 9.57 - 0.014 0.01 - 0.033 0.033 - 0.029  0.029 - 0.055 0.055

TV = Table Value; CV = Calculate value; D = difference (TV-CV)

KEY

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis
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Table 6: Anti-nutrient composition (mg/100g), calculated [Phy]/[Zn], [Ca]/[Phy], [Phy]/[Fe] and

[Ca][Phy]/[Zn] Mole ratiosof Four selected Leafy Wild Vegetables

Parameter |deal A B C D Mean SD CV%
value

Phytate - 82.14 70.57 210.16 203.74 141.65 75.59 53.36
Oxalate - 4.88 5.13 9.46 7.97 6.06 2.23 36.80
Cyanide - 0.18 0.13 0.23 0.18 0.18 0.04 22.22
Saponin - 0.42 0.36 1.31 1.20 0.82 0.50 60.97
Ca - 19.57 20.62 16.62 19.36 19.04 1.706 8.96

Fe - 0.20 0.19 0.05 0.06 0.125 0.081 64.80
Zn - 0.17 0.16 0.19 0.17 0.173 0.012 6.94

[Phy]/[Zn] >15 47.69 4458  109.7 128.6 82.64 42.87 51.88
[Ca]/[Phy] 6< 0.25 0.208 0.767 0.638 0.466 0.278 59.65
[Ca][Phy])/[zn] >0.5 23.27 2293 45.46 62.11 38.44 18.97 49.35
[Phy]/[Fe] >1 34.44 38.21 9452 102.86 67.51 36.19 53.36
[Oxa][Ca] 1 0.249 0.249 0.570 0.412 0.370 0.154 41.62

SD- Standard deviation, CVV%- Coefficient of variation.
KEY

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis

Table 7: Anti- oxidant composition of Four selected Leafy Wild Vegetables

Parameter A B C D Mean SD CV%

DPPH (%) 83.13 80.27 7461 7032 7708 573  7.43
FRAP (mg/kg) 9210 90.75 88.15 91.20 9055 1,70  1.87

SD- Standard deviation, CVV%- Coefficient of variation,

KEY:

A= Piper guinensis, B = Piper umbelatum, C= Celosia argentea,D= Jatropha tajorensis
DPPH=1, 1, diphenyl-2-2 picrylhydrazyl

FRAP= Ferric Reducing Antioxidant Potential

4. DISCUSSION

The results of the moisture content of the selected vegetables as reported in this study were in
tandem with those obtained in P. guinensisand O. gratisimun[27] but were lower than the

moisture content recorded in the previous work of Amata [28] for

the

leaf of

Myrianthusarboreous. The values of the moisture content in this study were higher than the
values reported for T. tajorensis [29] and Ceratothecasesamoides[30]. The amount of dry matter
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in a food is inversely related to the amount of moisture it contains. Moisture has effect on the
stability and quality of food [31]. Food that has high moisture content is prone to quick
deterioration from microbial attack. Low moisture content in the vegetables could be an added
advantage in extending their shelf life and preventing them from spoilage for a long.

The results of the crude protein in the vegetables revealed appreciable quantities of crude protein
in all the vegetables examined and were similar to the values of 8.75% and 8.77% reported for C.
argentea and T. tetrapleura respectively [32]. However, they were comparably higher than the
crude proteins values of 0.77% obtained for T. tetrapleura [33], 6.195% for T. tajorensis [32]
and 2.24% in the leaf of B. diffusa [34]. Guoyao [35] reported that the dietary protein provided a
significant benefit On bone health in humans. Whitney and Rolfes [36] noted that average crude
protein would serve as enzymatic catalyst and mediate cell responses. The reasonable quantities
in all the wild vegetables investigated could rank the four vegetables among the list of vegetables
that could be recommended as good source of crude protein.

The results of the crude fiber in the four vegetables showed that they contained moderate amount
of crude fiber. The results were in agreement with the results of Nwankwo et al. [27] for T.
tajorensis (10.10%) and Ayeni et al. [37] in the G. hirsutum (8.31%). However, the results were
higher when compared with the values obtained for wild vegetables such as S.
spargonopnora(5.85%), C. crepidiodes (3.89%) and S. tranganta (6.01%) [38]. Vinuda-
Martoseet al. [39] noted that adequate intake of crude fiber can lower serum cholesterol level
risk coronary diseases, hypertension, constipation, diabetes and breast cancer. Also, Egbonet al.
[40] asserted that dietary fibre is essential as it helps to absorb water and provide roughages for
the bowel. Consumption of these vegetables in this era of fast food cannot be underestimated to
provide crude fibre to prevent constipation.

The results of the crude fat in these vegetables were low and were closely similar to value
obtained in C. argentea (5.70%) at the second stage of pre flowering [41]. The values were
comparatively higher that the crude fat values obtained in the roots (0.40+0.01%) and leaves
(0.45+£0.59%) of B. diffusa[34]. The low fat content in the vegetables is sheering and
corroborated the assertions of some researchers that leafy vegetables are lower in lipids/fats
which make it suitable to be consumed and prevent obesity [42, 43]. Singh et al. [44] noted that
excess fat (saturated) can lead to increase in cholesterol level which is a major cardiovascular
disorder.

The ash content in P. guinensis in this study was similar to the value 4.09% reported in the
leaves of B. diffusa [34] and 3.14% in P. umbelatum[45]. However, the values in the four
vegetables were lower when compared to the results obtained by Amata [28] for
Myrianthusaboreus (16.40%) as well as 18.72% and 14.71% for G. hirsutum and Momordica.
charantiarespectively [37].

High ash content would imply high mineral content and nutritious, but Uduosoro and Ekanem

[42] asserted that it could be the reverse,if it contained toxic metals which also contribute to the
ash percentage of leafy vegetables. Hoofman et al. [46] noted that ash content in any food
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sample depicts the quality of its elemental composition. The low ash contents in the vegetables
reflect low micro and macro elements in the samples. The proximate compositions of these
vegetables are rich sources of carbohydrate. The results obtained for carbohydrate in this study
were similar to the values reported for J. tajorensis[29] but were higher than the values obtained
for Piper guinensis and Ocimumgratisimum respectively [27] as well as in L. africana and in P.
umbelatum as reported by Okwonu and Osuji [45]. Energy is needed in the body for metabolic
activities, physiological functions, growth and synthesis of new tissues. The consumption of
these vegetables could provide the body fuel and energy that is required for daily activities and
exercise [42, 47].

The total calculated energy KJ/100g for the four selected vegetables showed that the vegetables
could provide energy for man when consumed. The values compared favourably with the values
reported for young and matured silk [48] but higher than the values reported for
Jathrophatajorensis [40]. Carbohydrate contributed the highest proportion of energy followed by
crude fat then crude protein. The best energizing foods are those that are rich in carbohydrates,
protein, minerals and other health-promoting substances. Carbohydrates, crude fat and crude
protein in these vegetables could provide energy in the form of calories that the body needs to
work and support other metabolic activities.

Mineral Composition

The mineral compositions of the vegetables under study are rich in health promoting minerals.
Potassium, Calcium, Sodium, Phosphorus and Magnesium were found in moderate quantities
while the concentration of Cu, Fe, Zn and Mn werefound in lower concentration and were <
1.0mg/100g. Potassium is found naturally in many foods and has been reported to maintain the
normal balance and distribution of fluids throughout the body. Alinnor and Oze [49] Akpabio
and Akpakpam [50] reported potassium as electrolytes that are involved in maintaining the
normal pH balance and work in conjunction with calcium and magnesium in the maintenance of
normal muscle contraction and relaxation and nerves transmutation.

Calcium has been reported as a constituent of bones and teeth. Ca also helps in blood coagulation
as well as activation of a large number of enzymes such as Adenine triosephosphate [51]. Also,
Akubugwoet al. [52] noted that Ca is an important macronutrient for the growth and
maintenance of teeth, bone muscle and heart functions. Calcium deficiency can have severe
consequences on the body. The deficiency may leads to syndrome like rickets and calcification
bones as well as osteoporosis and higher risk of fracture [53]. Calcium deficiency is a risk factor
for rickets in children, osteomalacia in adults and osteoporosis in later life [54].

Phosphorus is required for bone teeth formation and its maintenance can also help in blood
clothing, muscle contraction and regulation of cell permeability [55]. Moderate concentration of
Potassium and Calcium in these vegetables could make them to be good sources of these
essential minerals. The vegetables could be administered to people suffering from deficiency of
such minerals.

Magnesium is a constituent of bone, teeth and enzyme cofactor [56, 57]. Magnesium is important

in regulating inflammation [58]. Magnesium deficiency can cause low appetite, nausea and
vomiting, fatigue and muscle weakness. Epstein et al.[59] noted that Magnesium deficiency is
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commonly associated with other conditions including diabetes, obesity, infection and
malnutrition while some commonly used therapies such as proton pump inhibitors can also cause
a significant magnesium deficiency. Also, Ismail et al. [60] reported that magnesium could result
in abnormal energy production in cardiac myocytes.

Zinc play major role in immune functions, DNA and RNA functions. Zinc deficiency can be a
serious health concern and its deficiency promotes malnutrition and may result in hypogonadism
and dwarfism, dermatitis and altered reproductive performance [61]. Copper is an essential
micro-nutrient necessary for hoematologic and neurologic system [62]. Murry et al. [56] noted
that copper helps in the incorporation of iron in haemoglobin, assists in the absorption of iron
from the gastrointestinal tract and in the transfer of iron from tissues to the plasma.

Very low Pb and Ni contents and absence of toxic metals Cd could allay the fear of heavy metal
contamination and equally qualified the vegetables as good for human consumption

Mineral ratios are often more important in determining nutritional deficiencies and excesses than
mineral levels alone, albeit both are important and should be considered together.If the
synergistic relationship (or ratio) between certain minerals in the body is disturbed, the normal
biological functions and metabolic activity can be adversely affected. Even at extremely low
concentrations, the synergistic and/or antagonistic relationships between minerals still exist,
which can indirectly affect metabolism. The calculated mineral ratios for Na/K, K/Na, Ca/P,
Ca/Mg, Ca/K and K/[Ca+Mg] were below the critical mineral. Na/K ratios were higher than the
standard value (0.06) and an indication that the consumption of these vegetables may allay the
fear of consumers with high blood pressure and bone loss. Ca/P ratios in this study were greater
than the standard value (0.5). This is in agreement with the previous reports of Adeyeye et al.
[63] and Akinbuleet al. [64] who reported high Ca/P ratios in their studies. When the ratio of
Ca/P is high in food, it promotes calcium absorption in the intestine for bone formation and
prevents metabolic disorders [65]. Calcium to Magnesium ratio shows blood sugar indicator. A
high ratio indicates the propensity to improperly manage calcium and deposit it in abnormal
places in the body. The Ca/Mg ratios in this study were within the standard value and this shows
that there would be no hindrance of Ca absorption by Mg when the vegetables are consumed.
The Fe/Cu ratios were not high. Itis of note that high Fe/Cu ratio indicates possible iron toxicity
while a lower ratio indicates a possible copper toxicity.

Mineral safety index of foods is important because it measures the possibility of minerals to
cause their overload in the human body [63]. Previous studies have reported that phytate to Fe
molar ratio above 1 and phytate to Zn molar ratio higher than 15 have a negative effect on the
bioavailability of Fe and Zn respectively [66]. The results of the calculated antinutrient-mineral
molar ratios in this study had phytate to Fe and phytate to Zn were above the ideal values
necessary for proper iron and zinc bioavailability. Frontela et al. [67] showed that when oxalate:
Ca is higher than 1.0, dietary calcium availability is limited. The oxalate: Ca molar ratios of
unprocessed and processed sorghum grains were below the critical level of 1.0. This implies that
oxalate may not have adverse effects on bioavailability of dietary calcium in the studied samples.
The results obtained in this present study revealed [Oxalate]/[Ca] ratios that ranged
between0.249-0.370 were below the critical level of 1general known to impair calcium
bioavailability [68]. The present of oxalate in the four vegetables may not affect the
bioavailability of calcium in the vegetable samples.
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The four vegetables are rich in antioxidants.This study corroborated the findings of Kris- Etherton et al.
[69] who reported that a high intake of food rich in antioxidants had been shown to increase the
antioxidant capacity of the plasma and reduce the risk of some but not all cancers, heart diseases and
stroke. The consumption of these vegetables apart from its food values could also serve as medicinal
purposes in combating some diseases.

The results of the Mineral Safety Index (MSI) of the four selected wild vegetables revealed that all the
samples investigated have theirTable Value Index (TV) greater thanCalculated Value(CV) for Na, Mg, P,
Ca, Fe, Zn and Cu. All the minerals gave positive differences with Calculated Value. The mineral safety
index showed that all essential minerals were relatively low, in safe concentration and no overloading in
the body if consumed.

5. CONCLUSION

The nutritional profile of the four vegetables showed that theyare rich sources of carbohydrate,
protein and minerals such as calcium, potassium and phosphorus which are essential in body
metabolism.Theycontainedmoderate amount of anti -nutrients except phytate which have higher
concentration which can be reduced by processing such as squeezing, cooking, heating, boiling,
and bleaching to leach out its concentration before consumption. The vegetableshave
highantioxidantqualitieswhich could suggest their free radical scavenging activities for medicinal
purposes to combat various diseases.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES
1. ljeoma UN, Unaogu NN, Onyeka TI, Nwatu CB, Onyekonwu CL, Onwueke 10,
Uguwumba F, Nwutobo RC.Health- related Quality of life in people with chronic
diseases managed in low - resources setting: A Study from South East Nigeria. Clinical
Pract. 2019; 22: 1180 -1188.D0I:10.4103/njcp.njcp 29 19
2. Obel- Lawson E. The Contribution of the Awareness Campaign of the African Leafy

Vegetable Project to Nutrition Behaviour Change among the Kenyan Urban Population:
The case of Nairobi. Biodiversity International. 2005; 2002- 2005.

3. Inyang UE, Ani JC.Effect of Traditional Processing Methods on Nutrients and
Phytochemical Contents of LasiantheraafricanalLeaf Residue. International Journal of
Current Research in BiosciencesandPlant Biology. 2015; 2(5): 101 -107.

4. Nnamani CV, Oselebe HO, Agbatutu A.Assessment of Nutritional VValues of Three
Underutilized Indigenous Vegetables in Ebonyi State, Nigeria. Afri. J. Biotechnol.,2009;
8(9): 2321 - 2324.

5. World Health Organization. Joint by the World Health Organization, the world Food
Programme and the United Nation's Children Fund: Prevention and Controlling
Micronutrient Deficiencies in Populations Affected by an Emergency. WHO, Geneva;
2007.

6. Food and Agricultural Organization of United Nations. The State of Food Insecurity in
the World. FAO, Rome; 2010.

15



10.
11.

12.

2]

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

BorokiniFB,Olaleye MT, Laide L. Nutritional and Chemical Compositions of two
Underutilized Vegetables in Nigeria. Bangladesh J. Sc. Indus. Res., 2017; 52: 201 -
208.D0I:10.3329/bjsir.v52i3.34156

Lyatuu E, LabotseL. (eds.).Marketing Indigenous Leafy Vegetables and hoe small
scale farmers can improve their incomes. Agricultural Research Council, Dares Salaams
Tanzania; 2010.

Omara-Achong TE, Edwin-Wosu NL, NkangAE.Survey of Indigenous Vegetable
Species in parts of Ogoja and Calabar, Cross River State, Nigeria. European Journal of
Experimental Biology. 2012; 2(4). 1289 — 1301.

George PM. Encyclopedia of Foods. Humane Press: Washington. 2003; 1: 526
Adenipekun CO, Adetunji OJ. Nutritional VValues of Some Tropical Vegetables. J. Appl.
Biosci., 2010; 25: 2294-2300.

Aregheore EM. Nutritive Value and Inherent Anti-nutritive Factors in Four Indigenoues

Edible Leafy Vegetables in Human Nutrition in Nigeria: A Review:J. Food Resour. Sci.,
2012;1(1): 1-14.D0I:10.3923/jfrs.2012.1.14

Jimoh FO, Afolayan AJ. Nutritional Quality of Some Wild Edible Vegetables in South
Africa. International Journal of Food Science and Nutrition. 2009; 60(5): 424-431.DOI:
10.1080/09637480701777928

AOAC. International Official Methods of Analysis. Association of Analytical Chemist.
Washington DC, USA, 2005.

Pearson D. Chemical Analysis of Food.7"™Edn. Church Hill London.1976; 7-11.
Osborne DR, Voogst P.The Analysis of Nutrients in Foods. London Academic Press.6th
Edn. 1978; 239-245.

Gyamfi MA, Yonamine M, Aniya Y .Free- radical scavenging action of medicinal herbs
from Ghana Thonningiasanguinea on experimentally- induced liver injuries. General
Pharmacol., 1999; 32(6): 661-667.

Pulido R, Bravo L, Saura-Calixto F. Antioxidant Activity of Dietary Polyphenols as
Determined by a Modified Ferric Reducing/Antioxidant Power Assay.Journal of
Agricultural and Food Chemistry. 2000; 48(8) :3396-3402

Wilson RP, Robinson EH, Poe WE.Apparent and True Availability of Amino Acids
from Common Feed Ingredients for Channel Catfish.The Journal of Nutrition.1981;
111(5): 923-929.

Wheeler EL, Ferrel RE. A method of phytic acid determination in wheat and wheat
fractions. Cereal Chem., 1971, 48: 312-320.

AOAC. Official Methods of Analysis. 18" Edition, Association of Official Analytical
Chemist. Washington DC, USA,; 2010.

Woldegiorgis AZ, Abate D, Haki GD, Ziegler GR. Major, minor and toxic minerals and
anti-nutrients composition in edible mushrooms collected from Ethiopia. J. Food Process
Technol., 2015; 6(3): 430-437.

Wyatt CJ, Triana-Tejas A.Soluble and Insoluble Fe, Zn, Ca and Phytates in foods
commonly consumed in NorthernMexico. J. Agric. Food Chem.,1994; 42: 2224-2209.

16



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

International Zinc Nutrition Consultative Group (IZING). Assessment of the risk of Zinc
deficiency in populations and options for its control. In: Hotz, C. and Brown, K.H.
(eds.). Food and Nutrition Bulletin. 2004; 25(1) (Suppl.2):5113-5118

Chase CIl. Elementary Statistical Procedures, 2nd edn. McGraw. Hill

KogakushaL td. Tokyo,Japan;1976.Avaialble:http:/doi.Org/10.1177/00131644476036004
45

Oloyo RA. Fundamentals of Research Methodology for Social and Applied Sciences,
ROA Educational Press, Ilaro, Nigeria; 2001.
Nwankwo CS, Ebenezer 1A, lkpeama Al, Asuzu FO.The Nutritional and Anti-

nutritional values of Two Culinary herbs- Uziza Leaf (Piper guineensis and Scant Leaf
(Ocimumgratissimum) popularly used in Nigeria. International J. Sci. Engineering
Res.,2014; 5(12): 1160- 1163.

Amata IA. Nutritive Value of the Leaves of Myrianthus arboreous: A Browse Plant.
International ~ Journal  of  Agricultural  Research. 2010;5(8):  576-
581.D0I:10.3923/ijar.2010.576.581

Ochulor OO, Njoku OU, Uroko RI, Egba SI. Nutritional Composition of Jatropha
tajorensis Leaves and Effects of its Aqueous Extract on Carbon tetrachloride Induced
Oxidative Stress in Male Wistar Albino Rats. Biomedical Research. 2018; 29(19): 3569-
3576.DOI:10.4066/biomedicalresearch.29-18-665

Fasola TR, Ogunsola OK.The Proximate and Phytochemical Composition of Sesamum
indicum Linn and Ceratothecasesamoides Endl at different states of growth. Journal of
Biology, Agriculture and Healthcare. 2014; 4(6): 84-88.

Pomeranz Y, Maloan CE.Determination of Moisture. In: Food Analysis. Springer,
Boston, MA. 1994. DOI: org/10.1007/978-1-4615-6998-5-34.

Chinatu LN, Okoronkwo CM, Davids ECM.Assessment of Chemical Composition,
Variability, Heritability and Genetic Advance in Tetraptera fruits.Global Journal of
Agricultural Research.2018; 6(4): 12- 23

Agbaire PO, Emoyan OO.Nutritional and Ant nutritional levels of some local vegetables
from Delta State, Nigeria. African Journal of Food Science. 2012; 6(1): 8-11.

Ayeni MJ, Oyeyemi SD, Akintola DI.Nutritional and Phytochemical Investigation of
Boerhaaviadiffusa L. an edible Vegetable in South West Nigeria. Sch. Acad. J. Biosci.,
2023; 11(1): 43-48.DOI:10.36347/sajh.2023.v11i01.008

Guoyo W. Dietary Protein intake and human health. Food Funct., 2016; 7-1251-1265.
D0i.10.1039/C5f001530h.

Whitney ENM, Rolfes SR. Understanding Nutrition. 10"Edn. hompson/ Wadsworth
Publishing Company, Belmonth, C.A. 2005; Pp. 132-137.

Ayeni, M.J., Oyeyemi, S.D., Kayode, J. and Peter, G.P.Phytochemical, Proximate and
Mineral Analysis of the Leaves of Gossypium hirsutum L. and Momordica charantia L.
Journal of Natural Sciences Research. 2015; 5(6): 99-107.

Ayeni MJ, Oyeyemi SD.Studies on the Nutritional, Mineral Composition, Mineral Ratio
and Anti-nutritional Molar Ratio of Six Underutilized Wild Edible Vegetables in Ado-

17



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Ekiti, Ekiti State, Nigeria. Annual Research and Review in Biology.2021; 36(12): 95-
110.DOI: 10.9734/ARRB/2021/v36i1230467

Vinuda-Martos M, Lopez-Marcos MC, Fernandez-Lopez J, Sendra, E, Lopez-Vargas
JH, Perez-Alvarez JA. Role of Fiber in Cardiovascular Diseases: AReview.
Comprehensive Reviews in Food Science and Food Safety. 2010; 9(2): 240-258.

Egbon EE, lyamu OK, Okojie VU, Egbon IE. (2013). Proximate and Mineral

Composition of Jathrophatajorensis. Chemical and Process Engineering Research.
2013; 17: 21-23.

Adegbaju OD, Otunola GA, Afolayan AJ.Proximate, Mineral, Vitamin and anti-nutrient
content of Celosia argentea at three stages of maturity. South African Journal of Botany.
2019; 124: 372-379.DOI: 10.1016/j.5ajb.2019.05.036

Udousoro 1, Ekanem P.Assessment of Proximate Compositions of twelve edible
vegetables in Nigeria. Int. J. Modern Chem., 2013; 4(2):79-809.
Akinwumi OA, Omotayo F.O. Proximate Analysis and Nutritive Value of Ten Common

Vegetables in South-West (Yoruba land) Nigeria.Communication in Applied Science.
2016; 4(2): 79-91.

Singh H, Ye A, Harbone D. Structuring food emulsions in gastrointestinal tract to
modify lipid digestion. Prog. Lipiud Res., 2009; 48 (2):92-100.

Okonwu K, Osuji V. Comparative Nutritional Studies of Lasiantheraafricana and
Piper umbellatum leaves. Nig. J. Life Sc.,2018; 8(2):23-32.

Hofman PJ, Vuthapanich S, Whiley AW, Klieber A, Simons DH. Tree Yield and Fruit
minerals concentrations influence "Hassvavocardo fruit quality.Sci.Horticult., 2002;
92:113-123.

Okonkwo C, Ogu A. Nutritional Evaluation of Some Selected Spices Commonly used
in the South - Eastern Part of Nigeria. Journal of Biology, Agriculture and Healthcare.
2014; 4(15): 97-102.

Oyeyemi SD, Raymond O. Phytochemical and Nutritional Profile, Mineral Ratio and
Mineral Safety Index of Young and Matured Corn Silk Collected from EKiti State,
Nigeria. Asian Plant Research  Journal. 2023; 11(5): 30-41.DOl:
10.9734/aprj/2023/v11i5223

Alinnor 1J, OzeN.Chemical Evaluation of the Nutritive Value of Pentaclethra
macrophylla Benth (African Oil bean seeds). Pak. J. Nutr., 2011; 10(4): 355-359.DOlI:
10.3923/pjn.2011.355.359

Akpabio UD, Akpakpan AE. Evaluation of Nutritive and Antinutritive Composition of
Seeds of Monodoramystrica (African nutmeg). World Journal of Applied Science and
Technology. 2012; 4(1): 49-55.

SoetanKO, Olaiya CO, Oyewole OE. The importance of mineral elements for humans,
domestic animals and plants, a review.African Journal of Food Science. 2010; 4 (5):
200-222.

Akubugwo IE, Obasi NA, Chinyere GC, Ugbogu AE. Nutritional and Chemical Value
of Amaranthus hybridusL. leaves from Afikpo, Nigeria. African Journal of
Biotechnology. 2007;6(24): 2833-2839.

18



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Eze MI, Nwibo OO.Effect of Processing on Proximate Composition of Hibiscus rosa-
sinensis leaf. European Journal of Medicinal Plants. 2017; 18(2):1-13.DOI:
10.9734/EJMP/2017/32085

Blakes JS, Munoz KD, Volpe S. Nutrition from Science to You. US: Pearson Educaion
Inc., Publishing. 2010; Pp. 1-775.

Wardlaw GM, Hampl JS, DiSilvestro RA.Perspectives in Nutrition. 6th Edition.
NewYork: McGraw Hill. 2004; Pp.67-84.

Murray RK, Granner DK, Mayes PA, Rodwell VW. Harper's Biochemistry. 25™ edition,
Mcgraw-Hill, Health Profession Division, USA; 2000.

Andreini C, Bertini I, Cavallaro G, Holliday G L, Thornton JM. Metal ion in Biological
Catalysis: From Enzyme Databases to general Principles. J. Bio. Inorg. Chem., 2008; 13:
1205-1218.

Maier JA, Castiglioni S, Locatelli L, Zocchi M, Mazur A. Magnesium and
Inflammation: Advances and Perspectives. Semin. Cell Dev. Biol., 2021; 115: 37-44.
Epstein M, McGrath S, Law F. Proton-pump Inhibitors and Hypomagnesemic
Hypoparathyroidism. N. Engl. J. Med., 2006; 355:1834-1836.

Ismail AAA, Ismail Y, Ismail AA. Chronic Magnesium Deficiency and Human Disease,
time for Reappraisal. QIJM. 2018; 111(11): 759- 763.

Vishwanath SM. Introduction to clinical nutrition. New York: Marcel Dekker Inc. USA.
2012; 350.

Tan JC, Burns DL, Jones HR. Severe ataxia, myelopathy and peripheral neuropathy due
to acquired copper deficiency in a patient with history of gastrectomy.Journal of
Parenter EnteralNutr., 2006; 30(5): 446-450.

Adeyeye El, Orisakeye OT, OyarekuaMA.Mineral safety index, calcium, zinc and
phytate interrelationships in Four Fast-Foods Consumed in Nigeria. Bulletin of
Chemical Society of Ethiopia. 2012; 26 (2): 43-54.DOl:
http://dx.doi.org/10.4314/bcse.v26il.5

Akinbule OO, Akinbule AS, Oladoyinbo CA, Omidiran AT, Oloyede AA, Onaneye ID,
Sulaiman RO. Standardization, Proximate Composition, Mineral Contents and Mineral
Ratios of Selected Indigenous Soups in South-West, Nigeria. Nigeria Food Journal.
2019; 37(2): 44-56.

Afolabi WAO, Oyawoye OO, Sanni SA, Onabanjo OO, Obanla OO. Portion size,
Micronutrient Content and Nutritional Quality of Fast Foods Sold in Abeokuta,
Nigeria.InternationalJournal of Health and Nutrition. 2015; 6(1):1-8 .

Castro-Alba V, Claudia EL, Bjorn B, Yvonne G. Phytate, Iron, Zinc and Calcium
Content of Common Bolivia Foods and Their Estimated Mineral Bioavailability. Food
Sci.andNutr,2019; 7(9): 2854-2865. D0i:10.1002/fsn3.1127.

Frontela C, Scarino ML, Ferruzza S, Ros G, Martinez C. Effect of dephytinization on
bioavailability of iron, calcium and zinc from infant cereals assessed in the Caco-2 cell
model.World Journal of Gastroenterology. 2009; 15(16): 1977-1984. doi:

19



10.3748/wjg.15.1977

68. Umar KJ, Hassan LG, Dangoggo SM, Inuwa M, Amustapha MN. Nutritional content of
MelochiacorchorifoliaLinn leaves. Int. J. Biol. Chem. Sci., 2007; 1: 250-255. DOI:
10.3923/ijbc.2007.250.255

69. Kris- Ethrethon P.M, Hecker KD, Bonanome A, Coval SM, Binkoski AE, Hilpert, KF,
Griel AE, Etherton TD. Bioactive compounds in foods. Their roles in the prevention of
cardiovascular disease and Cancer. Am. J. Med., 2002;113(9): 71-88.

20



