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Nutrient and anti-nutrient components of some 
tropical leafy vegetables 

Several leafy vcgelabler species (n = If) found in Nigeria were ~nalysed for their 
proximate chemical composition. mineral conslituents. energy values, phytin 
and oxalatc content in the fresh and air-dried material. The dry vegetables EOR- 
pained. on average. 19.3 g/l00 g crude prolein (CPL IS-3 g/l00 g crude fibrc 
(CFI. 12.7 g’lo(l g cthcr ex~rxt IEEL 17.4 g000 g ash and 89-9 ti100 gdry mat- 
tcr (DM) while the rrnh counterpllrts contained. an average. 4.2, 3.2. 0.6. 7.3 
and 17.6 g/lOa g CP. CF. EE. ash and DM. respectively. Marked wrialions 
were observed in the proximate compositions dl all lbe vegetables analyzed as 
indieahxl by the high coefficients of A&n. Potassium. sodium. cakium and 
phosphorus wcrc the mosl abundant minerals in the dry samples with mean val- 
ues al 3.7. 3.8, 2.5 and I.2 g/l00 S, rqcclively. Similarly, mean values of 4.4. 
6.0.0.9 and 0.8 g/lo0 8. respecrively. were recorded for potassium. sodium. cal- 
cium and phosphorus in the fresh samples. Capper was the least abundant min- 
eral in both the fresh and the air-dried samples. The mean energy value WE 
2757 kc&kg with a range of ?I92 k&kg in rln~urrrrrrl~rr., h$ri& IO 3732 
kc&kg in M~milrvr es&~r~~rs. The dry vegetables generdlly had higher phytatc 
and OX&e values thdn the fresh ones. There were distinct ha’dlial differences in 
these anti-n?llrient constituents as indicated by the higb cc&cienls oTvariation 
of 39.5 and 8X-9% for phytate and oxala~c. respectively. The nutritive potentials 
al’ the vegetables are highlighted. Dic~rry implications of the anti-nutrients are 
also discuswcd. and the need to dcvclop focd/~ced safe programmes involving 
these inhcrcnt Wars cmphariscd. 

INTRODUCTION 

Several vegetables species abound in Nigeria which are 
utilised either as condiments or spices in human diets. 
or as supplementary feeds to livesloek such us rabbits. 

poultry. swine and cattle. These vegtables are har- 
vested at all stages of growth and fed either processed. 
semi-processed or fresh to man while they are usually 
otTercd Fresh to livestock, However, the presence of in- 
herent toxic factors or anti-nutritional components in 
plants has been implicated (Liencr, 1969; Nwokolo & 
Bragg. 1977: Lewis & Fenwick, 1987) as one of the 
variables affecting the nutritional value of foods and 
feeds. Although these factors are usually present in 
trace amounts. they do have profound effects on their 
iIUti%ioKIl qudlity. 

The upsurge in the consumption of these vegetables 
in mlrny Nigerian homes due, perhaps, to the high cost 
of meat, indicates a need for a comprehensive list of 
nutritional acd anti-nutritional characteristics. While 
most studies (especially on an&nutritional factors) relate 
to their presence in European and North American 
species. it is conceivable that the presence of these com- 

pounds and their resultant ctkcts on human health, are 
of more importance in the diets of the less well devd- 
aped counrrics (LDCs). In these countries, the diets 
may he less varied and any physiological el%cts caused 
by these compounds may exacerbate existing problems 
of malnutrition and/or undernutrition. 

In the present study, data are presented on several 
tropical leafy vegetables under conditions in which they 
are usually consumed (i.e. fresh or dry). It is envisaged 
that such results could contribute significantly to the 
developmem of food/feed safety programmes involving 
these inherent anti-nutritional factors. 

MATERIALS AND METHODS 

The vegetables analysed were Munihut cwdenru. T&urn 
rriungulure. Cto.wceph&m crepidiodes. Crussocephulum 
hiajiae. Vemoniu amygdoiinu, Solanum 3firicuna. So/u- 
niunl nigrunl. Celosiu argemea, Amwmhus hybriduts VI, 
Amurumhur hyhridus V2, Gne~um bwhholsianum, Piper 
gui0een.w. Xunrhosoma sagirn@um. re&iriu occidenri- 
ah. Corchorro ulithorus, Hibiscus escuiemus and Busella 
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r&a. All samples were harvcsbzd in fresh conditions on 
the Campus of The Federal Universily of Technology, 
Akure. II is located in the humid tropical rainforest 
zone where the rains, which fall belween the months of 
March and September/October, average between I I50 
and 2000 mm annually. Ullisols arc the predominant 
soil types wirh pH ranging between 5.0 and 6.0. All 
sampks analysed were harvested in early August. Sam- 
pling in all eases was rcslricled 10 maturing leaves (i.e. b 
tween thor not fully extended and the mature leaves 
below the shoot). Most of the slalks were removed and 
the leaves rinsed whh distilled water before division into 
IWO portions. One portion was blended fresh using a 
Moulincx blender while the other was sun-dried and sub- 
sequently milled inlo powder with a laboratory hammer RESULTS 
mill fitted with a I mm sieve b&ore analysis. 

was determined as described by Makowcr (1970). 
Using a 4:6 Fe/P ratio to calculate phytin phosphorus, 
the phytin was determined by multiplying the phytin 
phosphorus by 3.55 as suggested by Young and 
Greaves (1940). Ox&e content was determined by the 
titrimetric melhod of Moir (1953) as modified by Ran- 
jhan and Krishna (1980). Where extracts were intensely 
coloured, they were decolourised with activated char- 
coal (Balogun UI Fetuga, 1980). Gross energy of the 
dried sample was determined against thermochemical 
grade benzoic acid standard using a Gallenkamp ballis- 
tic bomb calorimeter (Model (388-330-01043. 

Deterndlution of proximrte and mineral composition 

The proximale composition was determined by the 
merhod of the Asstiiation of Official Analytical 
Chemists (AOAC. 1980). For the minerals. sodium and 
polassium were delermincd by flame photometry while 
phosphorus was determined by Ihe vanadomolybdate 
method (19#0). Other miner& were determined after 
we1 digestion with a mixlure or nirric acid, sulphuric 
acid and pcrchloric acids using atomic absorption spcc 
tropholomctry (AAS; SP 4 Model). 

Determination of phytin and ox&e 

The exIraction and precipitation of phytin in the fresh 
and air-dried samples were done by Ihc method o( 
Wheeler and Fcrrcl (1971) while iron in the precipitate 

Tables I and 2 show the proximate chemical composi- 
tion and energy values of the dried and fresh vegeta- 
bles, respectively. On average, the dried vegetables con- 
tained 19.3 glloOg crude protein (CP). IS.3 g/l00 g 
<rude fibre (CF). 12.7 g/l00 g ether extract (EE). 17.4 
g/l00 g ash and 89.9 g/l00 g dry matter (DM) while the 
fresh samples contained. on average. 4.2. 3*2. 0.6. 7.3 
and 17.6 g/l00 g CP. CF. EE. ash and DM, respec- 
lively. Higher variations in these parameters were ob. 
served in the fresh samples than in the dried ones as 
judged by the higher coefficients of variation (CV) in 
the former. The gross energy (GE) values of the dried 
vegetables ranged from 2192 kcallkg in Amorunrhus hy- 
hridus lo 3732kcallkg in Mmihor usuden~u with a 
mean of 2787 kcallkg. The energy values had a CV of 
154%. The respective mean values for ptassium, 
sodium. calcium and phosphorus in the fresh vegeta. 
bles (Tables 3 and 4) were 4.5, 6.0, 0.9 and 0+9 g!lOLl g, 

Tabk I. Proximate eomwition (g/l00 g) and p energy oi some air-dried kafy vegelables (mcaiu, # = 2)’ 
-- 

VEgctablc Filmily DM CP EE CF Ash NFE GE 

Euphorbiacea X8.4 
Poruacede 82.1 
Composilae 94.6 
Compcsitac 87-3 
CamiXwilac 89.3 
SolallX%X 89.7 
S&nalY% 87.9 
Amaramh,;eae 93.5 
Amaranthaceac Yo.7 
Amaramhaceae 90.0 
Gnclaceae 936 
Piperaceaf 9?,! 
Ardceac 94.1 
CUCUrblwwC 89.1 
TiliaEcac 87.9 
M?llVXcilC 88.9 
B~SClkiiX!dC 89 7 

89.9 
3.0 
3,4 

22.7 
16.0 
w3 
13.2 
215 
172 
21.9 
26,7 
26,4 
17.7 
13-E 
19.4 
19.7 
26.8 
13-9 
13.6 
17.5 

l%loO g) (kcaUkg) 

3.3 111.8 8.3 35.3 
?.I.3 I I,5 19,4 4.0 
II,8 27 0 20,2 15.2 
13.0 12.9 IS-0 33.2 
5,9 Il.5 15.5 34.4 
6.5 14-7 16.8 34,6 

13.X 6,9 II.4 28@ 
17.5 92 26.8 L3.2 

I.7 9,s 24.1 2889 
I,l IO.4 23.1 37.8 

23,9 29.5 4.1 22.2 
IO.6 18.4 IS.4 20.4 
69 l6,7 16.6 34. I 
7.5 13.2 II.2 30.4 
2,5 IO.9 l4,7 45.6 

18.8 17.1 20.2 30.4 
2.9 21,I 24.7 23,4 

3722 
2738 
2546 
2590 
2939 

f% 
2456 
2415 
2192 
3450 
2798 
3194 
3205 
2663 
ND” 
ND 

2787 
428 

154 

12.7 IS.3 17,4 25.3 
II,1 b,2 5.9 12.8 
87,6 4@9 33.8 50,6 ----~ 

’ 0 M. dry matler: CP. crude protein: EE. ether crtract: CF. crude fibre: NFE, nitrogen&e extrdc1: GE, gross energy. 
hN0. nol d&mined. 



Vegeta blt Family DM CP 

Euphorbiau 
Porlulawae 
Composirac 
Compositac 
Comporitac 
SOlllllXeae 
Solanaceae 

Amaranthaeeae 
Gnelaceae 
Piperaceae 
Aractae 
Cucurbhaccac 
Tiliaceae 
Malvaeene 
ki%lkdCcdC 

15.8 
17,2 

20,4 
14,7 
s.4 
26.5 
13.7 
II.1 

17.h 
6.4 

362 

6,3 I.0 
2.5 0.4 
3.4 0.5 
2.3 0.5 
4.1 0, I 
3.4 O,l 
2.9 0,2 
5.8 0.4 
5.9 0.5 
2,9 O,? 
57 0.7 
26 
37 
4.3 
3,i 
4,5 
6.9 

4.2 
I.5 

38.9 

2,8 
0.7 
0.8 
0.7 
0.5 
0.2 

0,6 
0,6 

99.3 

5.7 6.9 
I.7 2.5 
1.6 II.4 
I.6 9.6 
2.9 5,8 
1.5 8.6 
1.9 6.7 
ii 
I.6 
I,7 

IO-8 
2-9 
3.2 
2.3 
5.2 
2.J 
I,6 

3.2 
2.4 

74.8 

Ai 2.2 
IO.6 0.3 
12.3 0, I 

3.8 12.8 
IHI LIB 

7.2 I.0 
6, I 0.1 
7.2 9.6 
2.9 3.5 
2,4 0.1 

7.3 
3.1 

43.0 

2.8 
3.6 

131.8 

5.8 
2.1 
I-O 
1.7 

::: 
0.7 

‘DM. dry matter: CF. crude protein: EL ether extract: CF. crude fbre: NFE. nhrogen-free extract. 

Copper was the least abundant mineral in both the dry 
and fresh vegetables. 

The phytin. phytin-P. phytin-P as ‘XI or total phos- 
phorus and the oxalate content of both the dry and 
fresh vegetables are in Table 5. Generally, the concen- 
trations or these components were higher in the dried 
samples than in the fresh ones. Phytin level in the dried 
samples ranged from 160 mg/lOO g in S. nigrum 10 664 
mg/lOO g in A. bybriclus with a mean of 310 mg/lOO g. 
In the fresh samples, it ranged from 60 mg/100 g in C. 
buchholsiunum IO I90 mgi IO0 g in T. Mmgulare with a 

mean of I IO mg/lOO g and a CV of 27~3%. Only trace 
amounts of oxalate were detected in most elf the fresh 
vegetables. 

DISCUSSION 

An immediate and perhaps not surprising observation 
from these analytical results is the higher concentration 
of the nutrients and anti-nutrients in the dried vegeta- 
bles than in the fresh. The variation can largely be 

Tuhlc 3. Miaenl romposhioa of air-dried leafy vegetables (rmms, m F 2) 

Vegekrble Ca P K Na ME Fc Mn Cu Zn 

Wloog) (PPm) 

0.7 5.9 8,l 0.7 
0.9 2.6 3.7 0,6 

0.9 0.4 3.6 4,9 II 
2.8 I.8 4-o 3,O 
3.3 I.3 2.9 3,7 i.t 
3.6 I.0 5.4 2,4 I.4 
2.0 I I 2.0 30 0.6 
2.6 I.2 3.9 52 I.4 
2.1 2.9 5.2 14 ?,6 
I.9 0.9 4.4 6.2 2,4 
0.6 0.5 0.6 I.5 0.3 
2.2 I.7 5.8 I.4 I.6 
3.4 I.7 6.1 2.3 0,6 
I.7 1,s 2,5 34 I,I 
2.7 1,; 0.8 :.i I4 
8.6 I,.5 0.6 
2.3 0,7 5E 5,l 0.6 

2.49 Ml 3.7 3.8 I.2 
I.8 0.6 I.8 2.1 0.6 

73.6 49.2 49.6 54.3 55.1 

425 263 551 
385 I33 890 
349 255 20 293 

:: 242 
SE1 

372 135 51 523 
572 522 

2229 
943 

1217 I86 19 845 
195 144 IO.3 1132 
794 235 72 1552 
640 162 I6 793 
881 170 
270 372 ii 

1525 
676 

383 344 ,I: II7 
393 58 405 

564 230 28 701 
214 117 I7 415 

49 51 61 59 
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-rabk 4. Mbwnl comp&tian of seine fresh leafy vegetabh (means, A = 2) 
-- 

Pa P K Na Mg Fe Mn ctl 
~_____~ ~__ --- 

ktm 8) @Pm) 

Zn 

0.8 0.9 1.1 0.6 278 208 39 
0.1 0.7 0.4 

:: 
0,2 63 IS 5 

o-9 0.9 3.7 5.5 U,3 437 93 I.8 0.7 2.8 4.1 0,6 640 I80 :; 
0.8 07 I.3 2.5 0.4 465 76 23 
1.1 08 2.5 2,6 579 157 29 
2.4 09 I.6 I,I ;:; 6U9 91 64 
I.4 12 2.0 3,O 0,s 569 61 31 
I.1 I.0 3.2 3,x I.2 6U6 39 
0.8 I,9 3,2 5.1 I.2 901 :: 41 
::9 , 01 I? 02 I.6 0.3 3.3 O-I 0.7 476 150 56 

I: 

48 4 

I.1 I.3 2.2 4.3 0.3 348 48 
0.6 I.4 O-6 2.9 0.4 941 t35 29 
0.9 I.0 l-8 2.9 0.4 472 14 
0.9 Il.1 0.3 0.h 0.1 88 

2;; 

0.3 0.2 0.6 1.6 0.1 62 21 NN: 

0.9 0.9 4,4 6.0 0.5 440 94 30 
0.5 0.5 2.4 37 0.4 262 57 I9 

56.X 54.6 54.6 61.9 76.0 59 61 65 

241 
I38 

1220 
it86 
191 

1033 
1091 
691 

1905 
545 
278 
873 
674 
341 
512 

E 

66 
485 
12s 

ascribed to the lower moisture content of the former. although this proportion varies with vegetable species. 
In the main. several of the dried vcgctablcs including Subject to a high level of intake and amino acid supplc- 
M. (‘EI.II/~W C. W~WIICI. A. /~,rhri& and 7? wcidcn- mentation, it appears feasible to meet a substantial pro. 
ru/iF had a CP content (on a DM basis) and energy val- portion of an animal’s protein and energy requirements 
ues comparable lo a number of tropical lcgumcs in- by feeding some of these vegetables. The major draw- 
cluding lima bean and cowpcas. The high CP content backs to the use of vegetable materials as major 
of the dry vegetables is of particular nutritional interest sources of nutrients by monogsstrics (including man) 
sinxc. according to Schmidt (1971). about 7% or the are rhcir high fibrc and bulkiness which call for large 
tolat nitrogen in most vegetables is protein-nilrogen quantities to be consumed to provide adequate levels of 

Tabk 5. Phytie acid, p8ytia.P aad oxalii acid content of tropical My vegetables (mesas, a ??2) 

Vegerablc Phylic acid 
(XWJU g) 

Phylin-phosphorus 
(rndlUOg) -. .-_L- 

Fresh Dried Fresh 

;!I 70 70 : 
160 70 40 
IdU 80 :1: 
120 60 
I10 50 :: 
IO0 400 
IXJ IS0 30 
140 190 40 
130 140 7u 
60 90 20 

120 II0 30 
80 SO 20 
80 60 20 

I20 70 30 

80 I: 20 LiO 20 

II0 : 30 
30 IO 
27,3 48.3 23.3 

F’hytin-phosphorus 
as ‘%, of total P 

Dried 

K-U 7.8 
16 3 
4,2 
4.3 
4.7 
4.1 

12.9 
6.5 

15.5 
16-l 
4.3 
2.8 
4.1 
6.8 

4,7 W6 

86 
5.4 

62.3 

Fresh 

2.9 8.1 
4-7 
5-7 
5.2 
4.2 
3.1 
2.5 
3.7 
3.4 

15.0 
2.6 
I.7 
I.6 
3.2 

32 4 14.4 

67 
7,7 

114.4 

DXak,tc 
(WI00 8) _ _ 

Dried Fresh 

110 80 20 20 
50 IO 

20 :: 
ND” 

50 ND 
70 ND 

6: 20 
40 

5cuJ 50 
50 ND 

270 ND 
180 20 
470 40 
I70 ND 

790 56 :: 

270 20 
240 IO 

89 50 
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nutrients. According IO Oyenuga and Fetuga (1975) and 
Johns (1987) the presence of high tibre levels in dietscan 
cause intestinal irritadon. lower digestibility and overall 
dccrcased nutrient utilisation. Although technologies 
exist for extracting leaf proteins, they are still largely 
beyond the reach of several developing countries. 

The potassium. sodium, calcium, phosphorus and 
magnesium contents in these vegetables were particu- 
larly high when compared with most other foods, while 
iron which is commonly deficient in many diets. is 
fairly abundant in these vegerables. particularly Am- 
roar& Te@ria and Piper species. The high propr- 
tions of mineral elements in these vegetables when 
compared with other foods, such as legumes and tu- 
bers. confirm their importance as rich sources of miner- 
als. However. there is a need for judicious selection of 
vegetables, especially in sodium- and potassium-re- 
stricted diets. This is important since high dietary 
sodium is implicated in cardiovascular and renal disor- 
ders. Similarly. high dietary sodium is discouraged in 
subjects who suffer from. or are prone 10, hypertension. 

Results in Table 5 suggest fairly high levels of phytic 
acid and low levels of oxalates in the vegetables. The 
presence of phytic acid in all the vegetables agrees with 
an earlier report (Lolas & Markakis. 1975) of a 
widespread occurrence of phytic acid in plants. Several 
studies including Rackis (1974). Reddy er a/. (1982). 
Forbes and Erdman (1983) and Aletor (1990) have im- 
plicated dietary phytic and oxalic acids in the impair- 
ment of the efficient utilisation especially of divalent 
minerals such as calcium and magnesium and the sub- 
s:quent development of rickets when certain legumes 
and cereals arc fed. Dietary phytin is of particular im- 
portance in monogastric animals (including man) who 
lack phytase which breaks down phytin to release 
phosphorus for metabolism. Phosphorus utilization has 
become an important current issue on the question of 
environmental pollution. This arises from the poor di- 
gestibility of phosphorus, especially, in foods of veg- 
etable origin (Huismaa, 1991) where a high proportion 
of the phosphorus may be present as the poorly di- 
gested phytin-phosphorus in monogastric animals. 

In view of the present study. it would appear that 
when dried, a number of these vegetables could be 
utilised as supplementary sources of protein, energy 
and minerals for man and/or livestock. In such circum- 
stances, the feeding of high phytin and/or oxalatc 
species may require dietary supplementation of the di- 
valent minerals. The addition of the enzyme, plryrusr, 
IO foods high in phytin has been advocated (Simons & 
Verstecgh, 1990) as a way of enhancing P digestibility 
and hence utilisation. 
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