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,4hstroct
Increase in human population coupled with continuous rise in oxidatiye stress,

related diseases requires arrailabitity oi rrearirricr f";.i;iik. ;.g;rbË; *ttiln "r*polyphenol-rith §§urce§. Polypheuols are able to inhibit angioiensin-I convefting
süryme {ÀC§} and renin, theràby regulating blaod prÊssure Ëut this abilis can bô
influenced by nutrient mânïrgem*nt during §lant grolnttr. Ëertilizer micrn-dôsing is a
v*luahle nutrient management option, -wtrictr încreases rr{rp prerductiviqy 

*wittr
minimal expenditure af resour(es. This study assessed the effecis ôf fertilizer micro-
dssing and harvest times on inhibition nf AC§ and renin actirrities by aqueou§
ptllyphenol extracts from drnaranthus cruentus, Ocimum grotissirnum and §nlsnurn
rr(rrocfltpon leaves, Different levels of urea (O, 20, 4O and 6O kg ha-1) with cow
manur§ [5 t ha-r] or without manure (SO kg ha-t) TÂ/ers used to grow ttre leafy
vegetalrles hefore they werê harvested three times at two {.â, cruentus} ànd four weeks
intervals {û. grafissimum and §. mercrocûrpon}. Polyphenols were extracted from leaf
powders using Brâter (1:2O ratio) and total phenolic cûntent [TPC], total flavonoids
rrlntent (TFC), ACE and renin inhibition were assayed aecording to standard protocols.
Ywo-way analysis of rrariance and Duncan's test (p<t).ûS) revealed that TFC
{6$5.?Ot39.§1" to 1O24.83*1O2,S9 mg T1; gallic acid equivalent} and TFC
{I"49.O2*?9.A2 t$ 276.L9*63.30 mg g-1; rutin equivalent} urere not affected by
feriilizer doses and haryest fimes except TFC from O. gratfssimum,Inhibitions nf ÂCE

{§.Z§àO.$tr" to 8.46*:0.42 mB rnL-r} and renin {-9§.41*2.?5 to 36.42+O.32Yo} activities
by each specie !ÿere significantly affiected -by fertilizer dose and harvest timq.
Production wittr cûw rnânure cambined with lsur or medium dnser of urea (3O or 4O
kA tr*'r; followed by collection at the first two harvests are recommended for
pôtypfrénol extracts Éitfr potential inhibition of renin-angiotensin system enz!runes.

I{eywords: drn«rapt6us cruentus, Ocimum gratfssfmum, Saîanum müÇroÇûrpon, angiatensin-l
conv*rting enuyme, minetal f'ertilizer

II§TRODUCTION
Blood preslrure ip the human b*dy is rnainly regulated by the renin*angiatensin

systenr which aeperia on âctivities of angiotensin-l canverting enzyrnü (ACËi and renin

çÀ;iu*ta et al., zcfi; Àr"kr:, 201s). Blooet pies-sure regulatinn. is based on the fact that renin
câ* cûnvert angiof,§"ui"og*n into inactive angiotensin-I, which ran be converted by AC§ int*
acrive ansinrensi*ii idirror* er â1., ?tili; Alu{',' 2i}15J. Angiotensin-ll is a pôtent

U
vilseicnnstrictor while ACIî prornotes the de*ctivatian af braclykinin, â püt§nt vasodilator

{Âiukri, 2015J. ffr*.*io.*, inhibiti*n af ACE or renin-or bot}r could tre an effective strutegy fsr
blood prcssure **;;i;ti;;r 1ÀliUata et al., 2011; Aluko' 20"15j' There is a gpawing interest to

id*ntity n;rtural c$mpounris thnt .*" È* usecl as alternativtl solutions to synthetic elrugs in
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i:lor:c{ pressuï'e regnlatio, since the latte'pre§ênt adverse side effects {Ajibola et al"' 2Ü1"1;

Aluko,2ü:"§].
îratlitional leaÿ vegetables âre wiclely.useri f,*r nutritional and mlai{11t-purpÜ§i:§

throughout sui:-§aharan Afri.u tÀifrig*n-fâto. et al', 201Ü; Oboh et al" 2Ü16)' ln th*

Rep*blic of Benin, several plant ;;;;i;; ,te valuecl as traditional leafy veget*trles âr,long

which .dffisrcnrhus c*/ënru,s U;';;;;r;nii*rri1, ocimum grratisslmum {/'crmi«cene} *n*

§nlanurn mâcrücürpo, (solcrn aceae) have been recogniz*-tt^ nl:-l'ïlng â greât imp*rtanc* itl

tlre faod anci nre{iicinal syst*"tu ii.lrigr;-n*L"..ct'al', ?ALq"l'hese lca§ vegntatii*s are

cheap sources of binactive ..*},*ir"âi in.tuAing-miner3lti..:',t:1*i**' carotenoids and

polyphenols iAchigan-Üako et al.f iôfO; Oboh ct al', ?0Ltt; Jinrénez-Aguilar and {irusak'

2ü17). These îrioactive .o,rrpoun.lt*ü;;; fru*,, relatecl tü nutraceuticâl bensfits and have

certainiy treen respnnsible fr:r p.îr"ioitig results. associate-tl.:j,ll.'n- usr ûf these ieafy

vegerables i1 folk medicine. ,,{r;;;;;ri*s species âre recognized to be efiicient in

nîânagernenr of feveü haernorrhd;'i;;;;y..ônrpr*inJs anei.-'iï:i' fNana et a]" 2ü1"?]"

ücimunr srrârissimrrnr leaves **,{-'.*po.tÉA t().treât Ïlfl,:-spiratory tract infecti*n'

diarrhcea, skin diseases, prr*,r*oirir, i"r*l, and cottjur:ctivitjs (Mahapatra et al" ZttÛ]'

.§ol«nurn n'gcraüttryo, exhibitecl antinxidJnt potential, thereby offering good proterti*n

againsr oxidative slress-retated d;;;;;; tÀ;.ry*Jî *t al', 2014]' Polyphenoi extracts f*rn

traclitlonal leafy vegetables \ isre ai.t,l anfe tr: inhibit the renin*angiotensin system ünuylne§;

suggesting that they c'*ld tr* goo;"int AiOut*u fr:r bl*ocl prêssure regulati*n [Ajibo]a et al"

2011; Oboh etal", 2t)1"6J. . r !.* r^^ :-â".^*^^,i ,.,, .,ÿF^y
Thc proflle of bir:artive rnmpr:rtnds has heen,r*;"rorted tr: be influenrecl by agr*namir

and environmental factors, especiJlly nutrient supply ind harvlst-ty** fSnssa-Vihtrtngbé et

al., 2013; Brasileiro et al.,.ZOi5; Ji-rJénez-Aguilai *,"1 ütutnk, Z§17)' Mineral fertilizers are

essential components of agric"rrur* ano " 
iri...r-trosing technology has hecn dcvelnped t*

increase crûps productivity with *,rbrtor.ti*l clecrease in fertilizer usage [okebalama el al"'

201"7J. However,; tlr; fr*t1 "f o"t knowlecige, effects of fertilizer micro-dnsing **
nutritional antl [otential health l*nuiitr of .rop* înt e n*t been investigated' Therefor*, this

stucly ain:s at asseising the effects of fertilizer inicro-closinS; ancl ha:vcst time§ or: inhibitic*

of the renin_angiotensin system enzyme§ by polyphenol extracts obtained fiom .s. rruer:&s,

O. graffssf rnuTn and §" m«crocarpon leaves'

MÂTERIALS ANP METHONS

Plant rnaterial
Leatÿ vegetables were producecl by applying mineral fertilizer tc) respective plants

using rhe micro;;;i;g technôlogy under a ràn.i"nürecl completei bl*ck design' urea [ü, ?$,

+u *îa ao kg ha:i; i"ilrni"*a trrîo* manure (5 t tra-r) and BCI kg-ha't of ure* r.çith*ut coru

§lânure u/ere appiieri to experimental units {à*1 mJ in quadru$}es. seeds \À,r*I*. grcrvn i*

nursery for f'our'fr" ,r.r*nror) tn six weeks ioi graris:imum and § nt$r:rcl'§r}:onl bef*r* the

yonng plânts **i* ti*rrsplanted" Cow manure wâs applied otre- we*k befnre transplanti*g

while ureâ was *ppii*a iinrncrliately after transpl*nting. Three lrarvests wct'§ macie at 4, Ô

ffi^g *.*l* ,rt*if.r"rpranting fbr.a. rrusntus; ô, tt) ari,l t 4 w'ee ks aitcr lranspianting fbr §

mücrü€ürpon nrr.i 6, lZ ancl L6 weeks after transplanting for o. grntf.s<finum. The nunrber *f

harvest ancl the intervals befween hawesting tim*s act*ptect foieach leafy vegetahlt specie

r^/ere recornmencted cultuml practices acülrdir"rg tn National Institute oî Agricult*ral

nui**r.t of Republic of Benin that 1:rovided standarcl requireme nts ir:r thcse crüp§-

Leaves were collected by cu*ing stems at 10 cn"r f'rom cnllar (except planfs locafed al

bordei linesJ ,nà th* four râplicatiôns of one tr:eatment were mixeri tngetl"rer to get it

hnmogen*ou, ,rirr1.ii*. sr,rrplei were washed *nd oven-dried at 6û"C rtlr ?+ h ûr §r":ti! 't

constânt weight wâs achieved, l'otyptrencls were extmcteel ât 6ü"C using water as snhn*nt

i.leaf powrier to sûlvent ratio of f :ZOj firr fortr hours (twice two hrlurs] ftrr iir* sr,rr* snn"lple'

Analysis methods
întal ptrenolic cnntent (TPC, with gattic acirl as standardJ and tr:tal flav*nairJs c{}nt§Ilt
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r"rpc. with rutin as stendardJ of crude polyphennl extracts were determined accord.ing to the
Ïj-i,d'"f Fasakin et al. {2011) and-übrahimzadeh and Bahramian tTûA%, respectively.

iiriiiù ,f polyphenol e)$râi:ts (0.30 to 1.25 mg mL"lJ anel captnpril (a_synth_etic ACE inhii:iton
iffi;'r;i; o.os pg ml"i) to inhibit ACE was üeasuie* usini; rnpcc 1t'i-6s-12-ruryllaoyl*vll--
ffi;."dünvisfy.irtglycine) as substrate according tû the rüethr:d Oescrfued by Àlibetla et al'

lliiiii *jiÀ'iiiÉni ü",âoinàfi$ns concerning durîtion [30 n:inutes rather than 2 rninutesJ

|ii;;p;;lrtu,* {37"C insteacl of room temferature) r:freading. Data were used to calculate

*î î-1f maxirnal inhibitory concentraüôn (lcsrij using CiaphPad Prism 6 software'

iifriUiü.y âctiviqy against rànin was deterrnined at O.SO mg à:L-r using rq3in .inhibitor
ffi;;*;Ë assay Hit iottowing the method described by Ajibîla .fl ,1. fzottl i'itlr slight

nrCIdification regai"ding reading duration {10 minutes insieacl of instantaneous readingJ'

ÀJilil;u p*Ffor**î in triplicates ancl data were statistically analysed using R. software

;;i"; 3.02. Factorial analysis of variance CIs repsâtcd measures wsre used tr: cletermine

.ff*ü *i f.rtilizer doses arid lrrroust tirnes on investigated variables followed by Dunran's

;;; reveal significant dif'f'erences between treatmenii *t ().05 levels. Pearson's ceirrelation

coefficients $rere calculated for polyphenols composition and inhibitury activities'

R§§UTT§

Total phenolic and flavonoids eontents^-- 
tn* TpC (gatlic acid equivalent) of Â. cruenfr{s {q47.61ÿ?"9-83 to 1Û?4.83*.1ü?'89 mg

n,1 *li" iig"iiti"tty (p<ü.t)Si irigÉer ttryl lll"u .;f g. .Etturissintunr [605'70tjIç'51 tt)

833.931114,68 mg *-'1 an,i S. màcraîarpon {6Û8.89+9.80 to 7O6.42+ 77 '39 mg g'lJ' Howeve4

rhe TFC [rurin *iiî"itu"tJ of A. cruent t itS+.r 7*.?,9.*6 to 181.25*55.98 mg g]]-a.nd 0'

si*r,rri;um [f +*.oz *ze"L2 ro 265.69t8S.73 mg g lJ w'ers each significantly {p<0.t5) lawer
rhan rtrat of s. nrscio cûrptn (19i..43r24.24 rÔ zfalg*os.I0 *g g"r)..The analysis of variance

did nat reveal any signihr*nî 1pro.üSJ eff'ect af fertilizer doseg and trarvest rimes within the

rasge of values siuaiËA on the ?PC of ,4. cruanüus and §. macrtcürpon or on the TFC of each af
ti:e"three leafy vegetables species fTable ]"1. The TPC of A. gryçissimum howeve§ was

significantly q$"0.0?; affected by fertillzer dose, harvest time and ttreir interactitlns {Table
ri rne **-urr'r.ores of fertilizei doses, based on TPC af û. gra*tssimurn r,rrere significantly
higtrer when low or medium dases of urea [20 or 40 kg ha"ii_y_e1e combined with cow
*irrur* {Thble Z). Signifieanrly (p<û.üSJ higher fftean scores of TPC, based on harvest time.
were recàrded at firsl and s*când harvest ai O. gratissimum {Tahle 3)'

Table 1. Ef1ect of fertilizer dose {FDJ and harvest time {H"IJ on tota} p}renolic content ffPü),
total flavonoicls content ITËCJ and in]rihition of ACE ar:cl renin activities.

Ârnaranüfus cruenüts Ocîmurn sfmrm §olanum

FT HT F§XHT FO }IT FCIXHT r§ HT F§xHT

TpÇ1

ÏFC1
Atr?
§enin3

].1§ a ns 1.t3nt 3.1'l"u
âû.57* 2.81os 2.9Ï*§
3?.ôS* 434.93*** 370.S1"*

20.19"
4"84,§

37S.33**
147.7S*

34.42.
12.91"u

44.47.
107.'13**

21.92.
10.2§*

117"9So"*
22§.0§*"

5.23n' §.ô7*
ô.07nu 7.17n"
7.76n* 124Ê.ü!**

11.9tn'
§.5Sn*

1§8.77***

i-.lnits: 1: rns g't, i; lÇ*r:, mg mL t and §: %.
§; F-vail*e

§igni§eance; *p<ü.§S. *po0.01, "*"p<0.001, n§ = nsl signilicant and p*Û.05
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Table 2' §ffect of fertiliaer dnse on total phen*lic contsllt {TPU}, total f}avanoids cüntsnt
üfcl and inhibition of A(§ ancl renin activities.

Fsüilizer dose tts"h ****-***:ï*%-

40 §0 s§
Ârnaranlftus cruenfus

§ô4.ü§r23"07* g§0.7§*20.37, 977.06*25.8S- 992,98*32.88* S8S.0S*24.§§*

1§4.58t31.2S* 168.0§*30.5S* 169.7S*32.§0* 1§6.67*30,56' 17Û.43t31.6t*

Ôqç {ltsq, E§ $S 0.42rü,ü1* 0.3s*ü.üü, 0.32*û.00b 0.3410.0ûu t.38*t.***
Üeimum grafissimurn

707.12*4ü,05a 714.91*43.69* 671.04+3â.19ü
205,88*41.50ê 233.33*52.61', 183.ü1*30.39*

1.76*0"08" 3.68*t.04u 4"32*û.14u

23.û8*0.280 30.28*§.27â 25"?8*0.10t,

2§

TPt {mg g":1

TFC {mg g"ttr

TPC {mg g"r;
IFC (mg g'I)
ACË {l**,.r, mg mlii
tse.*r§&)-

§§4.11*39.37n
194.44r34.64â

1.7CIrû.û4.
23.4§+1,31t

û88.51*34".ât-b
1S2.1S*33,6ü*

S.48*t.1?.
?3.§0rü.5?k

TPC {mg g"t1

TFC {mg g-1}

§a/anum fittrüsârpon
650.86*19.'!4" 649.22*2û.38* 65ô.42*23.24* S§1.98*?!.45. 647.37:'17,47^
22?.86*28.25' 227.3û 30.16* 2?6.35t29.21* 23S.37t33.97' 223,17*?§.§?a

ÔcE {lüry, mg mL'r) _- 0.7310.03:,, 0.68*0.01. _0"68}0.01, û.57*0.ü*a *"79rü.t3-
i-{een scores t standârd error within each vanable with difierent alphabets within each rûw are significantly difiersnl {p<û.ü§}

Tai:le 3. §ffect of harvest time on tctal
['l'fCJ anrl inhihiticn of AC§ and

phenolic cûrltcnt {'fPC]" tr:tal {'lavonoids cûnt*nt
renin activities.

Harvest time
Firtt §econd Third

îPC {mg gi}
TFC {r*g g-!i
ACE {lCso, m§ mL-1}

981.50*30.7S,
160.21+2§.46*

0.31*û.0û'

Ârnaranfhus cruenfus
3§8.83r22.99ê
17û.4?r32.92;,

0.4ü*0.01,

g8û,06*22.8&u

173.13133.9§.
ü.38**.0§i,

TPC {mg 9"1}
TFÇ {rng g-t;
ACE {lÇso, mg ml-l}

724.10+44.00,
186.08+34.51à

4"13r0.038
26.9't+t.45â

0crmum gralissrrnurn
7û6.55*3§.38*
214..51*42.§§,

3.63*0.0§h
26.?1*0.3§u

§5§.8'1*3!.87t
?*4.71*38.§34

3.ü***"10t
^ô 

ôn, 
^ 

Âa-ll-lJtu.ui'Renin

IPC {mg g-ti
TF§ {mg g-t}

A§E {lCsi:, mg ml"l}

676.§7r34.16*
251.43*38.67Ë

1.04*0.S2*

§olanum marrorâryo*
§33.70r13.M"
211.43*24.5T§

û.4§*0.00*

§4S"14t14.3$,
22ü,§7*2§.71*

fi trnrfi ftftir
TJ. Jï-!-rJ.LIL'

Mean sç*res t standêrd errcr within each variable with diilerent alphabets wrthin ea*h rsw ar* siçr':)ficanlly di§erent {p<§.SS}.

Inhibition of angi otensi n- I converting enryme
Inhibition of ACH by polyphenol extracts atrd raptapril [rxpr*ssed as tCs* values)

indicated that captopril [0.01t0.00 pg ml"l) hacl tl"re low*st value when compared tn A.

cruenfus {û.2Srt,t}1 tn û.69*ü.04 mg nrL"'), O. grafissimilm tl"t}6*0.û1 tn S.46}ü.42 nrg nrl"l}
and .§ ff?{rcrocârpon (ü.37*ü.04 t* t.55tt}.12 mg m1,"1)" Ânalysis of yirriance rev*aled
signil'ieant [p<û.05] indep*ndunt ancl interactive *ffects r":f fertilizer doses antl ]rarvest times
*n the inhibiti*n of ÂC§ hy é. cruenfus and O. graft'ssfrnum (Tabte 1"). Fertiiizcr elçstt did n*t
have any significarrt effect on tlre inhihition of AC§ activity l:y § m*croÇarÿott contrâry tù

harvest time and inte raction of hr:th factors {Tabie lJ. }{oweven t}ie mrcar} scores of fertiliurr
d*s* sl:owed a significantly {p<t}.05J lower lCsa for Â. cruentus when mediurn or irigh dtlses

;i;;;; (4ü or Odkg 16"11 wâre combineri with cow tn;rnurc during r:'op pr*ductian {Table

Zi.î;1à;-oih*. haid, o.'glorissif um presmrted signifïrantly- [p<0:i]5i inwer ICsr [Table ?J

when coui mânure was afplied alone fO t g hâ-lJ {ir combinecl with I*w d*s* nf urea iZÜ kg

7§



ha"iJ. Bascd on harwe st times [Table 3J mean scores of ICsa \ryere signifîcantly {p<ü.ü5} l*w at

âiifér*ot harvest times fbr ;{. cruenius {[rstJ, CI. grcfissimum (iecond and third] and §'

mürrscfirPon [seconrlJ'

Inhibition of renin enuyme
,Ariar«nt&us cru€,?f,us sanrples {-95.41"*2.25 to -16.1Ûtl"-49%J lnd mCI§t of §

ffi$ûrôcürpan samples [-33.03t0.2g to -i.tlç*t.92$/*] were not able ta inhibit renin activity

*fr-. compared to atl S, grarissf mam samples (12.26tü.6S to 36.42*'A.?'2%) which exhibited

higÀ;r iniribition than the ren'raining sainples clf §, înüÇrocsrp{}n f2'8ç30'56 tü

ï{iOrr.e3Yr:r). Only fiv* samples of S. rnacrocnrpon were able to in}ribit renin activity; the

iesultr inrticite thât the inhibitory artivity of this vegetahle against renin enr-yme $râ§

à*ïun**"t on fertilizer dose and harvest time, The activ;sarnples **tu those pr*ducerl with

i i§ *o.*s of urea [60 tlr §0 kg 1rs"r) with or with*r"rt cCIiÂ/ mâ]nure and c*llected at first

harvest as well us tËose producîd wiili cow lnanurr alane *r conrbilred with low doses of

uira {ü *r 20 kg ha"r1 *nd }rurrr*sted the thirul tinre. Samples cultivated with eorv manlrre

iio"*'tCI kg ha-ii and collected at second harvest also exhibited renin inhibitory activity'

Ànatysîs ofvariante pertormed on O. g7r«fiisi lnuft", showed signilicant (p<0.05) independent

and interâetive *ffects of f"ertilizer dose and harvest time (TaËle 1J. Mean "§cores of fert'ilizer

*l*se \*,ere significar:tly (p<0.05J higher when niediuni dose of urea [4{i kg ha"t) was

romli:red witl cnw n'ranüre (Table 23. nepending on harvest time, all nrean §{ore§ lli*re
iigniscantly (p<*.û5) differeni and deirea*ôd *itl'tlncrease in haruest time (Table 3l'

§elati*nship between total polyphenol cCIntent and enzyme§ inhibition
pearson cr:relation tesi inài**t"A significantly {p<0.Ü5J positive cnrrelations ('lbble 4)

hetwe*n TPC and rFC of A' cruenius (r=0i92' p=c'ôoJ' o' grrlrisximum (r=Û'97' ÿ=Û'0$) and

-§olanum ,îlccft?cnrpon {r=ü.g4, p=0.0û). Inhibltion orÂcli bye. gratissimum r*'as signifiüantly

a:rd posirively con.elated with Tpc [i=0.5g, p=0.ü2J anri- TF- {r=0..66, p=Û.61J rvhile the

inhibitory activitiei *!*i"*t ACs H. cnrenfils rnct S. *âcrr",carpon] and renin [Ü- gr«rissirnurx)

werÉ not correlated to TPC or TFC.

T*}:le 4. Pears*n correlati*n coefficient (r)
flavonaids content (TFCi, inhihition

between tatal
of AC§ and renin

pher:olic content {TPCJ, t*tal
activities.

Âmaranfâus cruanfus
- 

O*rnunç gf-q{rssrtrqqf - §qrÿ{,t ,T"1- [â§f§*tr*§*
TPC Trc ATE TPC TFC AC§ Renin TPC TFT ÂCE

Tr{.
fàL/tr

1.Sû
0.9â** 1.0s
-ü"S1n' *0.§6**

1.00
0.97*n 1.ÛÜ

ü.59* $"66*"
-0.09nu -0,13*

1.00
û.30* 1.CIû

1.SS

0.95** '1.û*

-S.1?* -S.'l§n''T.**1.0ü

Renin

§ignificanc*: 'p<0.05. **p<0.Û1, ns ' not significant {Ztailed}'

§I§üU§SION
T,he "fpC values {gal}ir: acicl equivalentJ obtained in this stlrely are }righer t}ran t}rose

r*pr:rreel fcr d. 
".ri*irc,]i 

{?.2Ü-3.20 n1*l,e ') by }iménez-Âguilar attrl Ürusak teü17J and for
,4mrrruntlrrrs &yàriàu, t+.,àr mg g-t], Titihum friangulrlre (3.31 §1§ §'t), Teferiu rmfefenlslis

{5.66 nrg g"rJ Jn* fuini nia *mÿy;ctc/inrr {5"1.1_rT1g §l')-}y Obo}r et al. [2ÜL6]. Lnwer TPÜ values

iiavc als*'Lee,r ,"*po,:,oA by Srrssa-Vih*ingbé sl al, {?t}13J on ferr.rorfterc s$scrrxnities [3-fiü-
13"3 nrg g ,), Justii 1* tenette (6.6ü-8.6û *g g-,i ancl s"essrntrm rcdi*fum [?."]ü-3.80 m§ §"1]"

similar[1*tr.,*irc recr:rcted iri t]ris stutly,aie higher than t]rt.lse report*d by ]iméneu-Âgr-iilar
and $rusak (2017J ftrr é. cnicnru§ (1.00. nrg { 

1) iil catÊ{:hin equivalent and hy Üh*h et al'

{2ü16) lt,r,,1.'l,yfrryilui-til.Ztt ,rrg g"r), ?T trio.nl|ulartL [il'S{: nrg g"t},7" rtcridcrlfnlrs (0'89 rtrg g t)

anrl l.{ *rn3çrJcrlin,,"ii"3à ms g-,ï ü qu*..*tiri equivalcnl. Thes§ r*pr:rts sugg*st that fertilixer
micr*-ci*s:*g ca*lj hiro i,i.ï*isecl ievels of toial phcnalic and flavonoids trut speci§cities *f
xn*iyticai pil*n6.rrus should be eansidtr*r! since cliffnr*nt standards wert us*d ftrr TFÜ

#
hffii.r:I:l
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determination. Higher total phenolic cüntest have heen related tü cûnversion of bnundphenolic from coriplex tCI hyd;lysable fbrms; incrcasing their reactivity çsuriaü 
"er 

al.,?0üüJ. Howeve6 lower contents eould be related to châi:ges in structure'of polypirencl

:::ffY:"lt,.uTgt?lles speeies, environmental or â[Tronûnric factors (sultana *t *i.,'z§gs;
stetrensen et al., 1ÿ1tt. Polyphenr:ls levels have been r*ported to vary according to genospc
and growing condittons (Stôifensen er al., ZüL1).
- This study showed that fertilizcr close and harvest time did nat affect'IPC anel TFC of

the.studind leaty vegetables except fbr CI. grcttissinrum, which exhibitecl significantly {p"ü,13Sj
higher TPC wlren low or rnedium doses of urea [20 or 40 kg ha-i) u/ere comhined with cow
msnure during crop production. ln agreement with this observatir:n, beneficial *rl* *f
ctnclrrrent use of mineral and organic fertilizer on synthesis ol polyphenols has been
reported {lbra}rim et al., 2ü13; Sosia-Vihr"rtogbé et ai., 201"3)" l'PC rf O. grafissfm.r}I }râ§
highe r at first and second harvest; indicating that synthesis of these serot:clary n-retabolites

eould be related to maturis stoge. Sossa-Vihotr:gbô et al. (2t13) reported higherTPC of C.

sesa.noiUe; /. fene/fa and S. rnrCùfurn ât secÇnd harvest wlten NPK anri t:ow niânure wsre
combined. Mature leaves of .Âmrrr«nfÀgs species have been reported to exhib-it higher TFC

(Steff'ensen et al., 201L) while TPC of T triangulare have been reported t* be higher during

§rowing periotl (Br-asileirr: et al., 201,5). Synthesis of polyphenols has been relatecl to defense

îtrategÿ bf youÀg lcaves tluring normal-ontogeny to ex1;lain higher TPt otrservcd during

growiiig periocl ol T riang ul*re (Brasileiro *t al.. 2Û 15i.
lnliibttion of ACs J.tit ity by ,Arraranü*us cruentus was similar tû those reported hy

Âiibola er al. [?01IJ fi:r üongraninta lutifoliuirr (ü.41 tttg nil tJ ar:d 11 uxtj'gd«lir:c. {0.?1 n'rg

ml,-u) while tirey were lowôr than thnsâ r*"orà*d for odmum.qrafissimum and §olan*nt

*o.iorn"pon. oËah et al. (2016J recordecl lower inhibiticn of AC§ activity by d" kybridas

(53.44 pÀ mL",], Tt triangwlore [63.13 pg rnl"I), T, accidenralis (44'59 pg mL-'J and l{

amygd«îinc {2§.46 1r§ ml-t3.
Inhibition of r§nin *itirrlty by C. lctifatium (12,50-17.50%) ald tr «mygdalinr{17'5i}-

3ü.00%i repr:rteà uy À;iuota et at. (zrirll âre coriistent with those founcl in this sturly far G'

g"ofiurir;r**. Cor,rr*iu*fy, reports_oiÂ1ibôla et al. [2t]'1J on inhibition of renin activityare

higher tiran those i*.,riO*a for .S. *irrororpon in our study' Inhibitions of AilE atrd renin

activities have b;"; reportecr to invorve con:petitive, uncompetitive or rnixed-type

interactior* n*1*ào'*r,ry**, inhihitor ancl suhstiate, thereby inducing loss tlf enzymalir

actirritÿ by changilg conf'ormatiCIn of active site on the enzyme {Âh'rko,2015}' Higher

inhibitory prop*r-tiuï could indicate a nrixed-type inhibition [enzyme-inhibitor anci ûnz]ime-

subsrratÊ-inhibitor ctimplexes3 "t 
t*porieO iri e;*:1, et al" 12Of f; f'r higher AC§ and reni*

inhibition by H amygdarinu. tnr*.iiry, rower Âca int'riuitiàn hy o. grofissirnum cr:r:ld h*

related tû ân uncûmpetitive inrriuiilon Lindi,',g enuyme in its sutrstrate-hound site {enrynre-

iubstrate- inh i bitar cornpl exes)'
ilorrelations observed between total pl'renolic ancl flavonoids content and inhihitinn *f

ÂcE {{}. grutis"r;;;r-iinked ttrii inirinitôr:r a*ivis ro corîîrïlon sources as palypircn*l

compounas, 
.r.r.,e"rï;;"8 cirrrerations obscrvecr in tËis study suggest trrat this inhibitory

activity cougi rr* iint*a t, g.o*ir;g'.."àrtirns {ferrilir*, ,rrirro-êàsingJ and itarvesï tiTn§

since syr.rthesis of pr:ryphurols tris u*en repoitecl to [:e inf]uencccl"-lry *gto"otnic and

en'ironnrental facrcrs (steffensen *i rr.,2ü11; lbrahim et al', ?013; iot*à-vit'otogbé etal"

zü13; §rasiieiro er al., iorsl. ltighest inhibiroryuitiuiti*, re.orcl*,i ;ft;. conrhined use of

low çr medium ,rrr-, ,r o.** 1zoî,' Àn kg gn ,1 with cow m^nure followeri bv leaf collnctiotr

riurir.rg rhe firsr ru,o harvests are e.nsisteit wiih higÀ;;;-iypli;-olconte.ts ibs*rverj in this

work. Lack of carrelatiott for inhibitary ârtivîii;;'uüL*t *.!E tA cïuentus 3nd 
§'

ma$tcür*:n} antr renin {û. §lruri"s.$ï*unrl"co*ra üe ,.,ii** to airtrJ;,;-; in st.,crur* o{

polyphenol c*mpounds or cuntrihr;rtions fro* -tri"i-_ plrytochernicals [chlor*phyl]s 
aI

carotenoiclsJ ro ti*. nt .r*rved inhibitory activities. ror exainple, trrràiopriyll-rich ertr.,cts

have been reporred ro be mCIre active AiE and renin inhibitori th-;';;;l'e dxtracrs (Aiitr*lr

et al., 2ü11J'
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CONCLUSION
Amaranthus cruenfu§ Ocimum gratîssimum and §nlrnum mûürocûrpon produced

under f*rtilizer micro-dosing and harvested at different tim*s $rere rich sources of
p*lyphenols with abiliry to inhibit ACE and renin activities, Am«runthus cruentus and
Srrisnum meÇracrrpon were more potent AC§ inhibitors while Ocimum gratissimurfl wa§ an

effeetive renin inhibitor. Polyphenol cclntent was not significantly affected by fertilizer dose
anri harvest time except for O. grofissimunr, lnhibitions of ÂC§ and renin activities ulere
significantly affected by fbrtilizer dose and harvest time, except Sçlçnum mCIcra{ürpon of
*iii.t., ACE inhibition was not significantly affecteci by fertilizer clos*. Àpplication of low or"

mediurn dr:ses of urea (20 or 4ü kg 56-nJ eomhinect with cow manure fnllowed by eartrier
harvests [first or secondJ could be recommended frr production of these IeaS vegetables
under fertilizer micrti-dosing in order to fully benefit frcm their health promoting abitriry
especially ACE ancl renin inhibitions. However; eff'ect of crop production sea§ons and
fertilizer applieation after eacl'r harvest should be assessed to provide additional information
on the roles of fertilizer micrei-dosing ancl harvest time on inhibition sf renin-angiotensin
system enrymes hy polyphenol extracts from these lea§r vegetahles.
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