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ABSTRACT

Roselle is an important part of the human diet amyncountries, particularly in the
Sahel zone of West Africa. The leaves of Rosellecansumed as a green vegetable
and in sauce. Nevertheless, little attention has lpaid to their nutrient composition
at different stages of plant growth. Therefore,eaperiment was carried out under
rainfall conditions from July to September 2006ttet experimental station of the
Agrhymet Regional Centre in Niamey (Nigefjhe contents of Ca, K, Mg, P and
protein in leaves of three ecotypes (A3, A7 and A8)ye determined at stages I,
and IlIl, corresponding, respectively to vegetatiflewering and mature stagebhe
experimental design was a randomized complete blatik four replicates and one
variable (ecotype)For ecotype A7, the protein content of the leavesrehsed
significantly (p<0.05) between stage | and I, thamained relatively constant up to
stage Ill. In contrast for A3 and A9, protein cortten leaves decreased significantly
(p<0.05) between stage Il and Ill. From stage lliiathe decrease of protein content
in leaves was 41% for ecotype A3, 50% for A7 an#h@6r A9. For all ecotypes, the
P content of the leaves decreased progressivelggiptant growth. For A7 and A9,
the reduction in P content from stage | to Il anahf Il to Ill was about the same,
namely 30%. However, for ecotype A3, the decreaas greater, respectively, 37%
and 46%. The Mg content of the leaves was relatigehstant for all three ecotypes
at a given stage of plant development. However, Mg content of the leaves
decreased significantly (p<0.05) from floweringnaturity: 28% for A3, 23% for A9
and 14% for A7. For the three ecotypes, the Caetinof the leaves remained
relatively constant from stage | to I, than ined markedly from stage Il to Ill, to
about 150% for A7, 85% for A3 and 50% for A9. Fretage | to Il, the leaves’ K
content decreased significantly for all three epesy about 67% for A9, 62% for A3
and 44% for A7. The data indicated that Roselle camntribute useful amounts of
essential nutrients such as Ca K, Mg, N and P mahlegetative stage in the diets
of people who inhabit the western Sahel.
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INTRODUCTION

Roselle Hibiscus sabdariffa L.) is an important part of human diet in many mies,
particularly in the Sahel zone of West Africa. Téayces are utilized in producing
drinks, jellies, sauces, chutneys, wines, presefijesrhe calyces drink is a readily
available and inexpensive source of vitamin C iditmh to various medical values
[2]. The seeds of Roselle are subjected to a stditk fermentation process to
produce a meat substitute condiment known in Negedawadawa-botso or Mari Mi,
respectively in Hausa and Djerma language. Theekae consumed as green
vegetable (spinach) [3]. In Niger, they are alseduas an ingredient in sauces and,
therefore, serve as a nutrient complemientcereals such as sorghum or millet.
Moreover, Roselle is regarded as one of the mgatilpo folk medicinal plants.

The leaves ofHibiscus sabdariffa contain nutrients such as phosphorus, calcium,
magnesium, and potassium [4]. The role these migriplay in human nutritiohas
long been appreciated [5]. Calcium is major minarahstituent of the skeleton.
Calcium is vital for a large number of functionsicluding prostaglandin and
leucotriene synthesis and a signaling moleculeetalyolism. Potassium is a factor in
tissue elasticity, healing injuries, liver functjonormal bowel activity and regular
heart rhythm. It regulates nerve and muscle a@ihis needed for intercellular fluid
homeostasis. A lack of potassium can result inrlaiéments, pimpling of the skin,
slow healing of sores, and muscle weakness. Phasphis necessary for the
innumerable biochemical reactions in which phosphaserve as substrates or
products such as ATP and as an integral part o$gitaipids, phosphoproteins and
phosphosugars. Magnesium, like P is widely distatuin soft tissues and in the
skeleton, and is involved in a numerous metabobcgsses [6].

However, the database of Roselle nutrient and atencomposition is incomplete
and fragmentary [7]. The objective of this studysw#® investigate the macro-
elements (Ca, Mg and P) and Protein contents imete@af three Roselle ecotypes
from Niger at different stages of plant growth.

MATERIALS AND METHODS

Experimental details

Field experiment was carried out from July to Seyter 2006 at the experimental
station of the Agrhymet Regional Centre in Niamiegitude 13° 29’ N, longitude 2°
10’ E, altitude 222 m), Niger. Total rainfall dugrthe experiment was 395 mm.
During the growing season, the daily temperaturgedarom 20.3 to 27.4°C for the
minimum and 28.8 to 37.6°C for the maximum and direhumidity, from 29.4 to
69.5% and 74.7 to 97%. The top 30 cm of the stalisad a pH in ED of 7.4.The soil
was sandy with low moisture storage capacity amdatoed 0.20 % of C, 0.162% of
total N and 0.0479% of P [8]. In order to improwe twater storage capacity of the
soil moisture, 10 tons/ha of organic matter wadiagpln addition, 100 kg N.kaof
composite fertilizer NPK (15-15-15) was incorporhieto the soil using a plow.

Published by African Scholarly Science Commumications Trust
Josem Trust Place, Bunyala Road, Upper Hill, Nairobi

P.0. Box 29086-00625 Tel: +254-20-2351785 Fax: +254-20-4444030, Nairobi, KENYA
Email: oniangofiiconneet.coke OR  infoi@ajfand net www.ajfand net




Y Volume 10 No. 6 - ISSN 16845374
'J June 2010 Peer Reviewed
KINE

QIFRICAN JOURNAL OF FOOD AGRICULYURE
NUTRITION AND DEVELOPMENT &

Experimental design

The experiment was laid out in a randomized coreplabck design with four
replicates. The distance between two consecutivekblwas 2 m. Plot size was 10 m
x 6 m with 1 m margin round each plot. All plotsecsted of 6 rows of plants with 1
m apart between rows and 1 m between plants withivs. The four central rows
were intended for plant sampling.

Three Roselle ecotypes (A3, A7 and A®)lected in the south sahelian zone of Niger
were field tested [15]. Ten seeds per hole werel lsaavn on July 14, 2006. After 22
days, the crop was thinned to two plants. The pleie weeded manually with a hoe,
at five times in order to assure good conditiomspfant growth.

Plant sampling and analysis

Plants were sampled at three stages of growth:tatge (stage I), flowering (stage
II) and mature (stage IIl) corresponding respetyite 25, 75 and 115 days after
sowing (DAS).

For a given stage, five plants were randomly setkatithin central rows of each plot.
The plants were then separated into different @g@deaves, stems, calyces and
seeds), which were sun-dried.

The leaves of three replicates were oven-dried@6&%ernight) and finely milled
using the multi-beads shocker (Yasui Kikai, mod@300E). Thereafter total N, total
P, Ca, K and Mg were determined at the AnalytiGaiies Laboratory of ICRISAT
Niamey (Sadoré, Niger) according to proceduresafysis [10].

The total N content was measured by colorimetricalymis by the
salicylate/nitroprusside method. By this metho@, @dimmonium reacts with salicylate
in the presence of hypochlorite (oxidant) and pitusside (catalyst) to form an
emerald green colour measured calorimetrically mm@ato-analyzer Technicon AAlI
(Californie, USA) at 660 nm. The reaction takescpln a buffered alkaline medium
ata pH of 12.8 - 13.0.

The total N content in leaves was converted togamatontent as follows:
Protein content = total N content * 6.25.

The quantitative determination of Ca, K and Mg he extract was done by atomic
absorption spectrometry using the Atomic Absorpt®mpectrometer, model Perkin-
Elmer AAnalyst 400 (Shelton, USA). The samples waebulized into an air-
acetylene flame where they were vaporized. The ocoamgs were atomized.
Thereafter, the atoms thus formed were measuredatbynic absorption at a
wavelength of 422.7 nm for the Ca, 766.49 nm ferKhand 285.2 nm for the Mg.
Phosphorus was determined by the molybdate-bluaodeaising ascorbic acid as the
reductant. Colour development was measured at 82m a visible spectrometer
(Turner model SP-850, Dublin, Ireland).
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Data analysis

The analysis of variance (ANOVA) was carried outdetermine the differences
among the three growth stages. Significantly-défférmeans values were compared
using the Student Newman Keuls test at 0.05 prdibalgivel.

RESULTS

Protein content The protein content of the leaves of Roselle deswd for all
ecotypes during plant growth (Fig. 1). From the etagive stage to maturity, the
decrease was 41% for ecotype A3, 50% for A7 and 6&%A9. However, within
plant growth, this decrease occurred at differeatvth stages according to ecotypes.
Therefore, for A3 and A9, no significant differeniceprotein content in leaves was
observed between vegetative stage and flowering aandng ecotypes. For these
ecotypes, protein content in leaves decreased fisgmily (p<0.05) between the
flowering stage and maturity. For ecotype A7, thretgin content of the leaves
decreased significantly (p<0.05) between the végetastage and flowering, and
remained relatively constant up to maturity (Fig. 1

350
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Figure 1: Protein content of leaves at different gpwth stages of Roselle

(Stages 1, Il, and Ill corresponded, respectivady viegetative stage (25 DAS),
flowering stage (75 DAS) and maturity stage (1153)AData of the same ecotype
with the same letter(s) are not statistically digant at P=0.05 probability level).
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At maturity, the lowest protein content in leavessvobserved for A9 (76 mg/g d.w.).
Ecotypes A3 and A9 had similar and higher protentent in leaves, respectively
133 mg/g d.w. and 144 mg/g d.w.

Phosphorus content For all ecotypes, the P content of the leaves dse
progressively and significantly (p<0.05) duringrglarowth (Fig. 2). For A7 and A9,
the reduction in P content during each of the twoiquls of plant growth (from
vegetative stage to flowering and from floweringmaturity) was about the same,
namely 30%. However, for ecotype A3, the decreass \greater: 37% from
vegetative stage to flowering, and 46% from flowgrto maturity. At maturity, the P
content of the leaves varied from 2010 pg /g dow A3 to 3080 g /g d.w. for A7.
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Figure 2: P content of leaves at different growthtages of Roselle

Magnesium contentThere was no significant difference of Mg contanigaves of
Roselle between vegetative and flowering stagesther three ecotypes (Fig. 3).
However, the Mg content of the leaves decreasedifisigntly (p<0.05) from
flowering to maturity: 28% for A3, 23% for A9 and% for A7 (Fig. 4). At maturity,
the Mg content of the leaves was higher for A7 carag to that of ecotypes A3 and
A9.
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Figure 3: Mg content of leaves at different growtrstages of Roselle

Calcium content For the three ecotypes, the Ca content of the teagmained
relatively constant from the vegetative to the #oing stage (Fig. 4). However, the
differences between ecotypes were statisticallgisognt: at the vegetative stage, the
Ca content ranged from 13,600 pg/g of d.w. for A20,200 pg/g d.w. for A9. At
flowering stage, the Ca content of the leaves dafiem 12,700 pg/g for A7 to
21,400 pg/g d.w. for A9. From flowering to maturgyage, the Ca content of the
leaves of the three ecotypes increased markedighoot 150% for A7, 85% for A3
and 50% for A9 (Fig. 4). At maturity, the Ca coritehthe leaves was about the same
for the three ecotypes, namely about 32,000 pgvg d.
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Figure 4: Ca content of leaves at different growtlstages of Roselle

Potassium contentAt the vegetative stage, A3 and A9 had significarfi<0.05)
higher K content in leaves than A7 (Fig. 5). Frdm vegetative stage to flowering,
the leaves’ K content decreased significantly (pSp.for all three ecotypes. The
decrease was greater for ecotypes A3 and A9 (6206 a%, respectively) compared
to A7 (44%). At maturity, the K content of the lesvwas halved for all ecotypes,
compared to those of vegetative stage.
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Figure 5: K content of leaves at different growth tages of Roselle

DISCUSSION

The main result of the present study was that P, Klgnd protein contents in the
leaves of Roselle were higher at vegetative stageever, variations were recorded
among ecotypes.

The protein content in leaves decreased signifigafi<0.05), mainly from the
flowering stage to maturity. This indicated nitrageemobilization from leaves to
seeds filling. In oilseed rape, more that 48% oé tiotal N which had been
remobilized from vegetative tissues was ultimatelyovered in the mature pods [11].
Also, in cereals, a large proportion of the N poexsly accumulated in the stems and
leaves was mobilized to sustain grain filling whdnuptake is limited by soil N
availability and/or down-regulation of the N uptakechanisms [12]. In addition, it
has been shown in both herbaceous and woody spiEesN can be transiently
stored as vegetative storage proteins, which canydeolysed to supply developing
sinks such as seeds with N [13, 14].

No variation in the P content of the leaves wasnibietween ecotypes at the
vegetative stage. However, at the flowering andunitgitstages, the highest P content
was observed in A7. For all three ecotypes, theoftent of the leaves decreased
progressively from the vegetative stage to matufityis finding confirms the results
which indicated that P content, which was higherthat initial stage, decreased
continuously until maturity inH. sabdariffa, H. cannabinus, Amaranthus blitum,
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Amaranthy gongecus and Spineces olerecea [15]. Moreover, the extant of the
decrease in the leaves’ P content reported by tfessarchers fad. sabdariffa and
Amaranthy gongecus, were confirmed in the present study. Thereforepftent was
higher at the vegetative stage in young leavesyevtiee growth rate is highest. This
indicated that the consumption of young leavedHofsabdariffa would provide a
valuable source of phosphorus for humans. The Rnbof the leaves we fund at the
vegetative stage was similar to that reported Imerotolleagues [4]. However, it is
higher than those reporter for leawsther ofH. sabdariffa (2970 pug/g d.w.) or of
other leafy vegetables such Marua crassifolia (1430 pg/g d.w.)Moringa oleifera
(2500 pg/g d.w.) anteptadania hastata (2300 pg/g d.w.) [16].

Magnesium, a constituent of chlorophyll, is alsguieed by many enzymes that
catalyze phosphate transfer reactions [6]. Theel®amagnesium content decreased
for all three ecotypes during plant growth: frone tregetative stage to maturity, this
decrease was about 20% for A7, 40% respectively A and A9. However, the
decrease in the Mg content occurred mainly durhmg reproductive period. These
results are in agreement with those of other cgllea who found a decrease in the
Mg content of the leaves between 30 days and 45 dayour leafy vegetables
including H. sabdariffa andH. cannabinus [15]. A decrease was also observed in the
Mg and Ca contents of many leafy vegetables duhirsgperiod of growth [17].

The calcium content of the leaves of Roselle irsedaprogressively during plant
growth, particularly from the flowering stage to tomdty, thereby confirming other
results which indicated a continuous increase iciwa content from three months to
one year of age irChekurmenis, a similar leafy- vegetable [18]. IAmaranthy
gongecus and Spineces olerecea, the calcium content increased also in the leases
the plant matured [15]. This may be due to the ifileonature of calcium and the
inability to retranslocate from older parts of fhlant to growing parts [15].

During plant growth, the K content of the leavesRaiselle decreased mainly during
the vegetative period (from stage | to stage Ihe K content of the leaves recorded
in the present study is similar to that reporteadRoselle by other colleagues [4, 16]
and also for other leafy vegetables suctMasinga oleifera, leptadania hastata and
Brassica oleracea [16, 19].

CONCLUSION

The results indicated that the Ca, N and P contariesaves of Roselle were higher at
the vegetative stage; however, differences wererded among ecotypes. The Mn
content in the leaves decreased from vegetativedtnire stage, while the Ca content
increased markedly from flowering to mature stage.

The data indicated that Roselle can contributeuhsehounts of essential nutrients
such as K, Mg, P and protein. Therefore, the recented optimal harvest time of
Roselle to maximise these nutrients is the vegetatiage corresponding to 25 days
after sowing.
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