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ABSTRACT

The leaf age (which is linked to position on mothgrant) influenced the accumulation of nutriearsd toxic
substances by the leaves on plants. It is agamstitackground that this study was carried out b @xperiment to
examine the effect of leaf position on the levelntinutrient (soluble and total oxalates), tosighstances (cyanide
and nitrate) and some micronutrients vyizcarotene (provitamin A), vitamin C and mineralreknts (Fe, Mg, Cu,
Zn, Ca Na and K) at vegetative phase of Hibisciilagffa grown in nitrogen and non — nitrogen tredtsoil. The
leaves of Hibiscus sabdariffa were harvested analymed at three different leaf locations, namelgs#l, middle
and upper positions. The results obtained showed ttie concentrations of cyanide and nitrate weemagally
higher in older leaves than younger ones. The delahd total oxalate contents in the vegetableeased with leaf
age. Vitamin C content was concentrated more imifdele leaf region compared to basal and uppef fassitions
in the vegetable.Th@&carotene concentration was significantly (p < 0.@%ghest in middle leaves, closely followed
by upper leaves and least in the basal leaves.|safeFe in the basal and middle leaves were ngiicantly
different from each other, but the two leaf positidiad significant (p < 0.05) higher amount of thaeral than
upper leaves irrespective of the soil nitrogen leMéne concentrations Ca, Cu and Na were signifigamigher in
the basal leaf region compared to middle and upeaf locations in Hibiscus sabdariffa except thatsignificant
variation in Cu content was observed between basdlmiddle when nitrogen was applied. While leadifian had
no significant effect on the concentrations of MgdaZn in Hibiscus sabdariffa, the concentration Kofwas
significantly higher in the upper leaves than thiddie and basal leaves in control and nitrogen @l The study
concludes that the plant toxins are concentratedenio the older leaves than the younger ones iniddils
sabdariffa at vegetative phase.

Key words: Hibiscus sabdariffaleaf age (leaf position), cyanide, nitrate, ot@damicronutrients, market maturity
(vegetative phase).

INTRODUCTION

Roselle Hibiscus sabdariffabelongs to the family of Malvaceace and is a pexpuegetable in Indonesia, India,
West Africa and many tropical regions [1, 2]. Thegegtable is widely grown in the North-Eastern anddbe belt
regions of Nigeria [3]. In Nigeria, two botanicaineties were recognised, the red variety in whiehcalyx is used
for the preparation of "sobo" drink and the greariety which calyx and leaves are used in stewsanates [4, 5, 6,
7]. This plant has been found to thrive on a wialege of soil conditions. It can perform satisfaityavn relatively
infertile soils but for economic purposes, a sodéllwsupplied with organic materials and essentiatriants is
important in the productions [1, 6]. It can toleraelatively high temperature throughout the granémd fruiting
periods. The plant requires an optimum rainfallapproximately 45 — 50 cm distributed over a 90 0 Hay
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growing period [1]. The leaves and calyx of theegrevariety are very rich in vitamin @;carotene and riboflavin
with some major mineral elements [8]. The leaveslibiscus sabdariffaalso contain phytic acid, tannin, oxalate,
nitrate and glucoside such as delphinidin-3-monoggides and delphinidin which are toxic to animad duman
tissue at high concentration [9, 10, 11]. Tannorsnf complexes with protein [12]. Phytic acid chetaminerals and
form complexes with proteins, and thereby affehtsrtnutritive values [13]. Cyanogenic glucosidé&sgound in
this plant are inhibitors of cytochrome oxidaseyene [14, 15]. The concentrations of these nutriemd toxic
substances in the leaves of tHiiscus subdariffdike other leafy vegetable are known to be infleesh by the
position of the leaf on the mother — plant. Itas this reason that this research was designet/asiigate the effect
of three leaf positions, namely; basal, middle amger leaf locations on the levels of some microeants,
antinutirients and toxic substances in the lea¥dsibiscus subdariffaThis is aiming at determing the leaf position
that will provide higher nutrient concentrationgiwliower levels of phytotoxins iHibiscus subdariffa

MATERIALS AND METHODS

The study area
The pot experiment was conducted in the nursetli®School of Agriculture and Agricultural Techngyo Federal
University of Technology, Minna, Niger State of M.

Niger State has a Savannah climate characterigedabitime. The geographical location of Minna idangitude

9° 40'N and latitude 830’E. Minna lies in the Southern Guinea Savannatezof Nigeria and has a sub - humid
semi arid tropical climate. The raining seasondasmMeen April and October. About 90% of the totahfal occurs
between the month of June and September. The nmmaralarainfall is in the range of 1200 — 1300 mrheT
temperature of this zone rarely falls below’Q2with peaks temperature of Din February /March and 30 in
November /December. Wet season average tempeiatat®ut 28C. The Dry season occurs between November
and March while harmattan which is chacterised tyyait is between November and February [16].

Soil sampling and analysis

The soil used in this study was collected from Minfihe soil has been classified as Inseptisol [Ifig bulked
sample was collected during the dry season fronfighé which has been under fallows for about fgears. The
bulked soil sample was passed through 2 mm sieve-s8mple of the soil was subjected to routine andlysis
using procedure described by [18]. The soil paxtisizes were analyzed using hydrometer method; pid w
determined potentiometrically in the water and ®8102aC} solution in a 1: 2 soil/ liquid using a glass etede pH
meter and organic carbon by Walkey-Black method.[E&change acidity (E.A Hand AP") was determined by
titration method [18]. Exchangeable Ca, Mg, K arelWere leached from the soil sample with neutraNHjOAc
solution. Sodium and potassium were determinedldynd emission spectrophotometry while Mg and Caewer
determined by E.D.T.A versenate titration methdg].[Total nitrogen was estimated by Macrokjedalcedure and
available phosphorus by Bray No 1 method [18].

Sources of seeds
The seeds of rosellél{biscus sabdariffawere obtained from Schools of Agriculture and igltural Technology’'s
Farm/Nursery of Federal University of Technologynig.

Planting, experimental design and nursery managemen

About ten seeds dflibiscus sabdariffavere planted in a polythene bag filled with Q®kg of top soil and after
emergence the seedlings were thinned to two pfertpot. The factorial design was adopted to deterrtine effect

three leaf age/positions (basal, middle and upgpeations) in control and nitrogen treated vegetdbéeh treatment
had 10 pots replicated three times. This gavea t§t60 pots for the vegetable. The seedlings wextered twice

daily (morning and evening) using watering can ameded regularly. The experimental area and th®wsodings

were kept clean to prevent harbouring of pest. pats were lifted from time to time to prevent ttosts of the

plants from growing out of the container. Insestre controlled using Sherpa plus (Saro Agro Seshéour

weeks after planting at the rate of 5 ml per ®4itof water.

Fertilizer treatment

The fertilizer treatments fdiibiscus sabdariffare stated below:
F1 (control): 0 N, 40 mg fs/kg soil and 40 mg kO/kg soll

F,: 40 mgN/kg soil, 40 mg ®s/kg soil and 40 mg ¥O/kg soil
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Harvesting

The leaves oHibiscus sabdariffagrown in pot experiment in control and nitrogertifieed soil were harvested at
three different locations on the plant (basal, feddnd upper locations) at the vegetative phaséhefplant
development.

Sample analysis

The soluble and total oxalates concentration inl¢fages ofHibiscussabdariffaobtained from the three different
leaf positions were determined by titrimetric methaf [18]. Nitrate content in the test samples was determiayed
the colourimetric method [20]. Alkaline picrate metl was used to analyse the cyanide concentraibp The
mineral elements (Fe, Mg, Zn, Cu, Ca, Na and K§amples were determined according to the meth§22pf The
ascorbic acid concentration was determined bydcBlorophenol indophenols method [23] while theénaation of
B-carotene was done by ethanol and petroleum extiercéion method [24].

Statistical analysis

Analysis of variance (ANOVA) was carried out usisigtistical package Minitab to determine variatimtween
three levels of age of plant leaves. The DUNCAN'slfiple Range Test (DMRT) was used for comparisén o
means.

RESULTS

Physical and Chemical Properties of Soil

Result of analysis of the soil used for pot expenins presented in Table 1. The texture clasb®fbil is sandy
loam signifying that the water holding capacityriederate. The organic matter content, total nitnoged available
phosphorus are low. Sodium and calcium contentsnaderate while magnesium and potassium conteethigh.

The CEC (cation exchange capacity) is moderateentalse saturation percentage is high. Soil pH shbatsthe

soil is slightly acidic.

Table 1 Some Physical and Chemical Properties of ¢hSoil (0 — 20cm) Used for Pot Experiment

Parameters Values
Sand (%) 71.40
Silt (%) 18.00
Clay (%) 7.60
pH (in HO) 6.54
pH (in 0.1M GCl) 5.25
Organic Carbon (%) 0.83
Organic Matter (%) 1.43
Total nitrogen (%) 0.05
Available phosphorus (mg/kg) .66

K (cmol/kg) 0.92
Na (cmol/kg) 0.68
Mg (cmol/kg) 4.80
Ca (cmol/kg) 8.00
E. A (H" +AL®")(cmol/kg) 1.50
CEC (cmol/kg) 15.90
Base saturation (%) 90.55
Texture class sandy loam

*Values represent means of triplicate determinagion

Effect of leaf position on antinutrients and vitamns concentration

The determination of effect of leaf position oniantrients and vitamins concentration libiscus sabdaliffa
showed that no significant differences in cyanidaaentration was observed between basal (522.8942 3ng/kg)
and middle (472.57 £ 6.83 mg/kg) leaves, however tivo leaf positions each was significantly (p.€5) higher in
cyanide concentration than upper (383.45 + 25.41kg)gregion in control When the plant received nitrogen
fertilizer, the same trend of result was obtainedh no significant variations in cyanide concetitra between
basal (466.81 + 75.17 mg/kg) and middle (428.8680 mg/kg) leaves , but upper leaves (362.84.2861g/kg)
had significant (p < 0.05) concentration of the poomd than leaves obtained each from the two leedtions
(Table 2).
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Results obtained from the analysis of nitrate shibteat basal leaves (179.22 + 12.73 mg/kg) hadhigbest
significant (p < 0.05) amount of nitrate, followbg middle (37.72 + 8.99 mg/kg) and lowest in upfiet.79 + 8.59
mg/kg) leaves in control vegetable. Similarly wipplication of nitrogen fertilizer, basal leavesravbighest in in
nitrate concentration (205.55 + 4.81 mg/kg), folemhby middle leaves (57.22 + 8.83 mg/kg) and lgatte upper
(42.78 £ 16.55.76 mg/kg) leaf positions.

The determination of soluble oxalate concentratiothe vegetable showed that leaf positions hadigificant (p

> 0.05) effect on the antinutrient concentratiorttie leaves ofibiscus sabdaliffan control. However, with the
application of nitrogen fertilizer, though no sificant variation in soluble oxalate concentratioaswobserved
between basal (1.53 + 0.06 g/100g) and middle (£.85.1 g/100g) leaves, the antinutrient conterthmtwo leaf

locations were significantly (p < 0.05) higher thianthe upper leaves (1.22 + 0.05 g/100g). Thel toxalate

concentrations in the middle leaves was not sigaifily (p > 0.05) different from upper leaves, hware basal
leaves had significant (p < 0.05) higher conceitnadf compound than in the two leaf positions athbcontrol and
nitrogen treatedtibiscus sabdalifffTable 2).

The significant (p < 0.05) increased frcarotene concentration observed in the three peaitions inHibiscus
sabdaliffairrespective of soil nitrogen levels is in theléaling order Middle > Upper > Basal leaves (Tabje 2

Analysis of vitamin C conconcentration litibiscus sabdaliffsshowed that no significant variations in the vitam
content was observed between basal and upper |ehuéshe two leaf positions were significantly<{®.05) lower

in the vitamin concentration than in the middleviesain control and nitrogen treated. The mean wafae basal
leaves in control (10.45 + 0.99 mg/100g) and niéocppplied vegetable (12.42 + 1.49 mg/100g) were no
significantly different from the levels in upperales (10.45 + 0.99 mg/100g and 11.03 £+ 0.99 mg/100g
respectively). The mean value of the vitamin in thieldle leaves for control (16.61 + 2.20 mg/100gdl aitrogen
applied (18.19 + 3.47 mg/100g) were significangy<(0.05) higher than the two leaf positions (Table

Table 2. Effect of leaf position on antinutrients ad vitamins concentration in Hibiscus sabdaliffa at vegetative phase

Antinutrients and vitamins Leaf positions
Basal leaves Middle leaves Upperés

Cyanide (mg/kg DW), Control 522.89 +30.42 47257 +6.83 383.45+25.41
Cyanide (mg/kg DW). Nitrogen applied 466.81 + 75.1% 428.92 + 36.80 362.84 +33.28
Nitrate (mg/kg DW), Control 179.22 +12.73 37.72 £8.99 17.79 +8.59
Nitrate (mg/kg DW), Nitrogen applied 205.55 +4.81 57.22 +8.88 42.78 + 16.5%
Soluble oxalate (g/100g DW), Control 1.70 +£0.09 1.63 +0.07 1.54+0.17
Soluble oxalate (g/100g DW), Nitrogen applied 1.53+0.08 1.45+0.1% 1.22+0.08
Total oxalate (g/100g DW), Control 2.33 +0.14 1.97 +£0.09 1.93 +£0.08
Total oxalate (g/100g DW), Nitrogen applied 2.04+0.60 1.88+0.07 1.85+0.09
B-carotene (ug/100g FW), Control 3706.00 +217.30 6518.00 +80.00 5989.00 +89.90
B-carotene (1g/100g FW), Nitrogen applied 6105.00 + 149.00 7874.30 + 155.90 7220.00 + 89.60
Vitamin C (mg/100g FW), Control 10.45 +0.99 16.61 +2.20 10.45 +0.99
Vitamin C  (mg/100g FW), Nitrogen applied 1242 +1.49 18.19 + 3.4% 11.03 £0.99

DW = Dry weight, FW = Fresh weight, Control = Natrtigen applied. Values represent means of tripiadéterminations. Mean values
carrying the same superscripts across rows do fiftgrdsignificantly from each other (P > 0.05).

Effect of leaf position on mineral elements concerdtion

The studies conducted on the effect of leaf pasition mineral element concentrationsHibiscus sabdariffa
showed that there was no significant differencethenFe concentration between basal (35.90 + 5.8&gh and
middle (34.50 + 1.42 mg/kg) leaves, but the twd lgasitions had significant (p < 0.05) higher amiooh the
mineral than upper leaves (29.10 + 4.99 mg/kgh&dontrol vegetable. When the plant received génofertilizer,
the same trend of result was obtained with conagotr of Fe in basal, middle and upper leaves 0632 8.81
mg/kg, 31.90 £+ 6.61 mg/kg and 23.80 + 1.90 mg/kgpectively (Table 3).

Results obtained from the determination of Mg andriflicated that leaf positions had no significeffiect on these
mineral elements content in the leavesiddiscus sabdariffarrespective of the nitrogen fertilizer levels (Tal3).

The concentration of Cu in the middle leaves (&20 mg/kg) was not significantly different frompper leaves
(1.56 £ 0.15 mg/kg); however, both leaf positiorerevsignificantly (p < 0.05) lower in the mineraintent than the
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basal leaf (3.02 £ 0.03 mg/kg) in the control. Whétnogen fertilizer was applied, no significantriaion in Cu
conconcentration was recorded between basal (3@@3mg/kg) and middle (3.29 + 0.96mg/kg) leavég tiwo
leaf positions were significantly (p < 0.05) higherthe mineral content than the upper (1.99 + \@&kg) leaf
region (Table 3).

The determination of Na in the vegetable showed tivere was no significant variation in the minecahtent
between middle and upper leaves; however, basabselaad significant higher Na concentration thanttko leaf
positions in control and nitrogen fertilizétibiscus sabdariffgTable 3)

The analysis of Ca revealed that the concentraifothe mineral in the middle leaves was not sigaifitly (p >
0.05) different from upper leaves, but basal ledass significant (p < 0.05) higher concentratiorCaf than middle
and upper leaves in both control and nitrogen éctBtibiscus sabdaliffaThe mean values for middle leaves in
control (22.11 + 1.23 mg/kg) and nitrogen applie8.82 + 3.79 mg/kg) were not significantly diffetdrom the
levels in upper leaves (22.89 + 3.59 mg/kg and£23.6.36 mg/kg respectively). The mean values efrttineral in
the basal leaves for control (46.18 = 5.88 mg/kgyl aitrogen applied (45.87 = 0.05 mg/kg) were digantly

(p < 0.05) elevated than the middle and upper kéVable 3).

Result obtained from the investigation of K contienthe three leaf locations showed that there wersignificant
differences in the mineral element concentratiotwben basal and middle leaves, however, its lavehé upper
leaves was significantly (p < 0.05) higher thandbasid middle leaves in both control and nitrogeatedHibiscus
sabdariffa. The mean values for basal leaves in control 83.6.74 mg/kg) and nitrogen applied vegetable936.
+ 3.37 mg/kg) were not significantly different frothe levels in middle leaves (38.28 + 3.00 mg/kd 88.09 +
2.90 mg/kg respectively). The mean value of theemahin the upper leaves for control (46.18 + 5n8&kg) and
nitrogen applied (45.87 + 0.05 mg/kg) were sigmifity (p < 0.05) higher than the two leaf positighable 3).

Table 3. Effect of leaf position on mineral concemation in Hibiscus sabdaliffa at vegetative phase

Minerals Leaf positions
Basal leaves Middle leaves Upper leaves
Fe (mg/kg), Control 35.90 +5.3D 3450 +1.42 29.10 + 4.99
Fe (mg/kg) , Nitrogen applied 39.60 +8.81 31.90 +6.61 23.80+1.90
Mg (mg/kg), Control 17.87 £ 0.59 18.41 +0.97 19.92 +10.80
Mg (mg/kg), Nitrogen applied 19.09 +£0.39 20.02 £0.71 23.27 £5.2%
Zn (mg/kg), Control 0.04 +0.02 0.03 +0.01 0.03+0.0%
Zn (mg/kg), Nitrogen applied 0.03+0.0% 0.02 +0.0% 0.02 +0.0%
Cu (mg/kg), Control 3.02 +0.08 1.83 +£0.20 156 +0.18
Cu (mg/kg), Nitrogen applied 3.40+0.29 3.29+0.98 1.99+0.24
Ca (mg/kg), Control 25.42 +3.89 22.11 +1.23 22.89 +3.59
Ca (mg/kg), Nitrogen applied 26.96 + 0.5 23.82 +3.79 23.64 +1.38
Na (mg/kg), Control 3.38+0.42 2.54+0.37 2.48 +0.38
Na (mg/kg), Nitrogen applied 3.38+0.2% 2.96 + 0.04 2.86 +0.64
K (mg/kg), Control 33.08 +6.72 38.28 +3.00 46.18 +5.88
K (mg/kg), Ntrogen applie 36.98 + 3.37° 38.09 +2.9° 45.87 +0.0°

Control = No nitrogen applied. Values represent meaf triplicate determinations. Mean values cargythe same superscripts across rows do
not differ significantly from each other (P > 0.05)

DISCUSION

The significantly higher cyanide concentrationghia basal than upper leavesHibiscus sabdariffds in harmony
with the report of [25, 26, 27], who have reportedt the cyanide concentrations increased withiagessava
leaves, crucifers antlelfairia occidentalis respectively. The reason for higher level of d¢glarin basal leaves than
the upper leaves could be that the enzymes redperfsir synthesis of the cyanide may be more adtivéully
developed leaves where the metabolic activitiesatrmaximum than the immature leaves. These rekaiiever,
disagree with the report of [28, 29], who obsertleat the level of this respiratory poison is corcaed in younger
leaves of sorghum than the older leaves. The obdevariations in the cyanide concentration in thHteknt leaf
position of this vegetable from those of the presiovork reported by different authors may be dudifferences in
cultivars and environmental factors.
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The significantly higher nitrate content in bassdJes followed by middle and least in the upperdsanHibiscus
sabdariffamay indicate that nitrate content in leaves ofutbgetables increased with leaf age. This resitilt ige
with the report of [30] who attributed the highecamulation of nitrate concentration in older leatiean younger
ones to lower activity of nitrate reductase enzymthe former than in the later. This enzyme igpogsible for the
reduction of nitrogen to amino acid used for pmot®inthesis. Low activity of the enzyme in the b#saves reduce
the rate of protein formation from nitrogen andsthiay favours the accumulation of nitrogen andiissequent
oxidation to nitrate in the affected leaf regiofitis finding is likely to be correct since the saméhor had also
reported that nitrate had a significant negativeatation with nitrate reductase activity. In gealethe higher and
lower nitrate concentrations observed in the défférleaf positions may be due to the lower and dnigfitrate
reductase activity respectively, in those leafoagi

The generally highest level of soluble and totadlates in basal leaves followed by middle and leashe upper
leaf region inHibiscus sabdariffaare in harmony with the submission of [27, 31} tie oxalates (soluble and total)
were higher in older leaves than younger one$elairia occidentalisand Spinaciaoleracea respectively. The
reason for this observation could be that the dieleves are fully matured with optimum metabolit\aty leading
to the production of oxalates. The results howewdisagree with the finding of [32, 33]. These ausho
independently observed that oxalate concentratiogeunger leaves were slightly higher than in ¢lder leaves in
Diplazium sammatiland Colocasia esculentaiespectively. Our present study clearly revealtest the levels of
these phytotoxins are concentrated more in ther deves ofHibiscus sabdariffahan the younger ones. Thus
consumption of the younger leaves of the vegetabieh are located in the upper leaf region on tlegher - plant
is likely to reduce the public health problems &dkwith higher intake of the antinutrients and tosubstances in
the vegetable.

The observed higher concentrationgafarotene and vitamin C in the middle leaves thasaband upper leaves of
Hibiscus sabdariffaagrees with the report of [34] which show thatsthenicronutrients are concentrated in the
middle leaves oAmaranthus cruentuthan basal and upper leaves. This higher levelhefprovitamin A and
vitamin C in middle leaves than the basal and upg&ves inHibiscus sabdariffacould be an indication that the
leaves in the middle region of the vegetable allg fnatured with optimum physiological and metabddictivities
leading to the production of these compounds. WAsene the in basal leaves, though they are fullyunea, the
leaves in this region are withdrawing some oxidieatutrients due to aging [35]. Wilting which ocsun older
lower leaves may be another reason responsibliaédower level of these micronutrients in basalvks compared
to middle leaves. This observation may be corredabse wilting decreases the vitamin C content $36,38].
Leaves in the upper region Hibiscus sabdariffaare still developing and are immature with low gibjogical and
metabolic activities leading to the formationfls€arotene and vitamin C. The higher concentnatiof the water
soluble vitamin and provitamin A in middle leavefstive vegetable does have not much nutritional athge over
the upper leaves. This is because the concentrafifacarotene in the upper leaves can still provideughoof
vitamin A to meet the adult recommended daily adloee of 900 pg [39, 40]. While the concentrationitdmin C

in the two leaf regions dflibiscus sabdariffavas lower than the recommended daily allowanc&aing [38, 40] if
100 g of the leaves of the vegetables are consuffaas considering the crucial functions of this evatoluble
vitamin, such as anti-infective properties, promgtivound healing, acting as antioxidant and bogsbdhimmune
system, supplementation of the vitamin from otrmirses (such as from pharmaceutical or fruits)ithee cases
will be necessary.

The significant higher concentrations of Fe, Cu &alin older leaves than the younger leaves conttlr the

findings of [32, 35, 41] who reported that thes@maenal elements in plants are generally higher deoleaves than
the younger ones. [35, 41], attributed the higkeel of these minerals in the older leaves comptrade younger
leaves due to their immobile nature in plants. Towe mobility of Fe in the plant is probably dueits precipitation

in the older leaves as insoluble oxides or phogshat to the formation of complexes with phytotamrian iron-

binding protein found in the leaf and other plaattp [35, 42]. Although the concentrations of Fe &u in the

leaves obtained from upper leaf positiorHibiscus sabdariffavas lower than other leaf locations, the levelhafse

trace elements in the upper leaves could providebtidy with the recommended daily allowance of Ifday for

Fe and 1.5 — 3.0 mg/day for Cu [43]. Thus this hig¥el of these mineral elements in the basal lgdwes no
nutritional benefit over the leaves obtained fromildle and upper leaf regions. Similarly, the coriraions of Ca
in each of the three leaf positions are lower thecommended daily allowance of 800 mg/day [40]refae

supplementation of the mineral from other soureehsas fruits and pharmaceuticals becomes necefssaalj the

leaves from the three leaf locations.
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The significantly higher concentration of K in upgdeaves than basal and middle leave$lihiscus sabdariffa,
justify the highly mobile nature of this minerabth play an important role in regulation of the asim potential of
plant cell [35]. Since K can be mobilized readityytounger leaves, the concentration appears tadehin the
upper leaf region than the basal leaf position {33,

CONCLUSION

Our current study divulges that the antinutriemtd toxic substances idibiscus sabdariffeare concentrated more
in the older leaves than the younger ones. It fberemeans that inclusion of younger leaves (esfigdhose
obtained from upper leaf region) Hfbiscus sabdariffan our meals will reduce the health problems caoterd with
high intake of cyanide (respiratory poison), nigrétancer and metheamoglobinemia) and oxalatesgkidtone)
and still provide micronutrients in amount to meat nutritional requirements. This practice will glong way in
recuperating the general wellbeing of individuadl &ime general public.
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