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Moringa tree planted in the backyard of a house
in central Israel by immigrants from India
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Cooking with Moringa honey
Fresh flowers

Dried flowers

i MORINGA

~iu, HONEY

for infusion
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Trait M. oleifera (n = 128)

Mean SD Range

Weight 0.35 0.11 0.16-0.62
— Oil 44.36 6.95 32.38-59.82
—» Protein 29.63 7.13 13.02-41.93

Myristic C14:0 0.11 0.03 0.06-0.18

Palmitic Cl16:0 6.38 0.94 5.31-10.25
Palmitoleic Cl16:1 1.85 0.68 0.91-5.71

Stearic C18:0 5.61 1.80 2.91-11.92
% Oleic Cl18:1 73.42 2.34 66.34-78.16
Linoleic C18:2 0.51 0.09 0.31-0.79

Linolenic C18:3 0.11 0.06 0.02-0.24
Arachidic C20:0 3.39 0.67 1.70-5.54
Eicosenoic C21:1 2.10 0.51 0.08-3.18
Behenic C22:0 5.45 1.04 2.92-8.13
Erucic c22:1 0.09 0.04 0.02-0.19
Lignoceric  C24:0 0.91 0.25 0.42-1.81

Vaknin, Y. Mishal, A. (2017). The potential of the tropical "miracle tree" Moringa oleifera and its
desert relative Moringa peregrina as edible seed-oil and protein crops under Mediterranean
conditions. Scientia Horticulturae. 225: 431-437.
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Predicting Moringa seed-oil and protein contents using near-infrared spectroscopy

Seed

Peeled seed

% o1l

003

0.02 Fatty
acids

Absorbance

0
908 951 994 1044 1100 1155 1211 1267 1323 1378 1434 1490 1546 1601 1657

Wavelength, nm PI‘O tein



NIR reflectance spectra of
M. oleifera (A; n =128) and

M. peregrina (B; n = 22).

Log (1/Reflectance)

Log (1/Reflectance)

-06

-0.6

T 1 T 1 ] 1 1
1200 1400 1600 1800 2000 2200 2400
Wavelengths (nm)

06

| 1 1 1 I 1 I
1200 1400 1600 1800 2000 2200 2400
Wavelengths (nm)



Ratios of actual to NIRS-predicted
values of seed weight (A), seed oil
concentration (B) and seed
protein concentration (C) of

Moringa oleifera.

Predicted kernel weight (g)
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Scientia Horticulturae 225 (2017) 431437
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Scientia Horticulturae

journal homepage: www.elsevier.com/locate/scihorti

The potential of the tropical “miracle tree” Moringa oleifera and its desert @Cmsmﬂ(
relative Moringa peregrina as edible seed-oil and protein crops under
Mediterranean conditions

Yiftach Vaknin®, Adina Mishal

Department of Natural Resources, Institute of Plant Sciences, Agricultural Research Organization, The Volcani Center, 68 HaMaccabim Road, P.O.B. 15159, Rishon LeZion
7505101, Israel
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Flower & Fruit developmental phases




The pollen & The style &

the pollenkitt the stigma

o TR
. o‘» '..

RN

High-vac. Y SEl PE-high - A5 KV € ' % 550 \ 12I20 ¢, Highs«vac. SEl PC-high 15kV 11212014

Pollen on the stamen
engulfed with viscous
secretion of the anther.
SEM

Pollen inside the
stigmatic tube. SEM



Stylar-tube structure and function

Germination tube

Receptive
area

The stylar tube is filled with pollen grains with some
protruding at the entrance. The pollen is stained with
aniline blue; UV microscopy



Pollen and what else?

100 um

A. Electron Microscopy Scan B. Confocal microscopy



Pollenkitt Chemical Analysis (GCMS)

Chemical Name MF R.T. M. oleifera M. peregrina
trans-Nerolidol Ci5H260 12.321 1.22+0.31
9-methyl-nonadecane CaoH32 14.859 0.54+0.29
Palmitic acid Ci16H3,0> 15.138 1.32+0.38 1.51+0.75
Oleic Acid C1sH340, 16.268 0.42
Tricosane CasHas 17.228 3.48+0.12 5.54+16.
Tetracosane Ca4Hs0 17.78 1.22+0.21 1.8+0.18
N.I* Long Chain laidehyde 18.129 0.65+0.15
Pentacosane CasHs» 18.327 23.74+0.05 27.98+3.87
N.I Long Chain laldehyde 18.432 0.45
Hexacosane CasHsa 18.828 2.31+0.31 2.2740.13
N.I* Long Chain |Aldehyde 19.134 --- 0.58+0.18
Heptacosane Ca7Hse 19.392 24.34+0.08 20.22+1.39
Octacosane CagHss 19.975 1.23+1.26 0.68
N.I* Long Chain Aldehyde 20.085 --- 3.97+1.48
Nonacosane Ca9Hs0 20.678 18.50+0.02 17.08+0.61
Triacontane CsoHe2 21.455 1.33+0.88 0.9410.12
y-Tocopherol CasHa30; 21.995 1.41+0.06 0.36
Hentriacontane Cs1Hea 22.414 15.95+0.1 14.9242.15
a-Tocopherol C29H500; 22.788 1.37+0.68
Tritriacontane Cs3Hes 24.865 1.91+0.13
y-Sitosterol Co9Hs500 25.297 0.68+0.26
100 99.999
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Shovelin .
gr'oovesg M. oleifera
| AB A
0 2 B AB AP 5
380
52
£ 60
'E 40 C
20
0 -
Carpenter bee (Xylocopa) with -20°%C +4°C +25°C +40°C

pollen ‘Smudged’ between the m W.out Pollenkit  m With Pollenkit
eyes.



Germination scale (1-5)
 ad N w = U
o o o o o)

o
(=)

with pollenkitt

No pollenkitt

No pollenkitt +1
hour hydration

PIV221 UIPIPIDT OV ARAK D3T3 ,00 TnY? 01T TMAw 2900050 TRaR a0 1oon (15 ahan
(M p) mnn 3 (M o) nHNan 3aIn2

Pollen
n M SE
kit

with 24 337.29 31.47
M. oleifera ]

without 24 118.25 15.57

with 24 251.67 30.49
M. peregrina

without 24 87.54 17.58

P<0.001
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Anti-diabetic
Anti-oxidative
Anti-obesity
Anti-cancer
Anti-analgesic
Neuroprotective
Anti- inflammatory
Anti-microbial
Hepatoprotective
Hypotensive

Anti-obesity
Anti-microbial
Cardioprotective
Anti-cholesterol

Anti-cancer
Anti-aging
Anti-inflammatory
Anti-oxidative
Cardioprotective
Anti-cholesterol
Anti-obesity
Anti-microbial
Anti-viral
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”"The most nutritious plant in the world”
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Iron, Zinc
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A

Vitami‘rl ACE

Iron, Calcium,
Zinc, Magnesium

Vitamin C.E
E

8 -
E
Calcium

Anti-diabetic
Anti-oxidative
Anti-obesity
Anti-cholesterol
Hypotensive
Anti- inflammatory
Hepatoprotective
Cardioprotective
Anti-microbial
Anti-cancer
Anti-analgesic
Anti-viral
Neuroprotective

Cardioprotective
Anti-cholesterol
Anti-diabetic
Anti-obesity
Anti-microbial

Leaf: Quercetin, Kempferol, Benzylamine
Seed (Pod): Quecetin, Benzylamine
Flower: Quercetin, Kaempferol, Benzylamine

Stem: Benzylamine

Root: Ursolic acid, Oleanolic acid, Benzylamine
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.NINN *TIZ9N2 NN2ANNAT N'NATN NYAD] NIYSINAN N'YA'VYAT-N' N7NN = INTAXTIN

NINIY7 NIN2 DIMXIDINMN NN DX NITNN - MNMTIXIN ANTAN N'NIM Y9 NAYY NIT72IN - o' v "7nnx '|x'n
.(Ganguly & Guha, 2008) n1'n n'mwn n'nin NI7'Ys wITnl Nirvkn N B

N7NNN 7 X7 0YNd 19N FTD TY PTIN DIXAXI N'NIM QYA 1910 NN - N7NNY7 7Tm NIT2in — o'y 7w Y2nnn xm o,
*h
.(Mahaman et al., 2018)
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2122 Y1onnn 07210 onn 50% -21 n'axn N7a10 071V nroIIkn vad = nNn'NIN

Suzana et al., ) MIpA7? AXNIYNQ DTN NPT 'NIRNDAN [A¥NY 'NIVAYA 1I9'Y - NI'NIX D'YWI — D7V 7W 'mm 'ix'n "gﬁ
(2017

MIVAYN NI9'Y - N'TAITINI ITINA NIMAX 0'WI - 07V 'IX'MI DY ]'1|71N

NIIZA% NNIIYNL DT A172mnn NinNa

I'i¥h XN .(Sindhu et al., 2013; Iskandar et al., 2015)

"N'wninn n'mx"n nyvoim 7w nnxiran 90% < anw - "n'wnan nmax" "2in 7w 0T NN - 07 Y 7nnK tYm "%’3

e

.(Cyril-Olutayo et al., 2018) "7xn1i TIizon? omiaon o'xninn 80% -> Narnni 0MITR 0T 'RN2




NN ND™Y72 XY 'KN 7 NANNEN9TIY NIYWWON D'WANN 00119 NIMOINAN NI NIWI9N 7w n¥iap - N'09'7"'ON

D''U97'ON D'OPNN N'NIYNYN DXNXI NN D'YU97'OX D'D'7NN 7Y 'NIYNYN ‘12T - N7NN7 77 NIT7IN - YAIvn 7W 'I¥'n &

(Ray, 2016) /1

-

,

s-

-N'N 190N D'NIYNAWN D' IXXA) .NI'UO7'OX NIYVOIN] N'NIYNAYN AT - N7NN7 71m M0y - 07 7w mm 'Y
.(Ingale and Gandhi, 2016) 0"V97'9X D'D'7NN] NN'Y' DNIYPY NINA D'901 DNINE DNIV'MONL &S
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NT2 YR NIZIIN 7W NINNSNNA A1D'VAI NITN-NNA 'y DN ,NINNSNN ni'tna = NiZ'AN 0'Y) 27N X
N7INN )'7NN2 NNXYN DY NDIN 27N Nimd 7wa a0 nizroon ninn'kinn 40% -3 .p11'n7 nantan oxn 270 ninda

,1700% -1,50 ,30 -3 7w 190 WNK7 5-1,4 ,3 o' 27N X" "7V - 770 NR7 D' 3-5 NN'YYY NINN'X - 07V npnx
.(Estrella et al., 2000) Ia%7931n nwyn7 oA "X"Y 2A7ND NIND ,NYYN? .nNXNN2 3




— NI1'"7021 T2 NYIASI NIvan

NIYOIN NTIN - T'ORIX'T DIV'0 7Y D'P'P7N-111 IX (N?'01"A'VIR) |'¥'NVIAD IVIINY NTAVN NITZIN — D7V 7Y 700K ¥
.(Quédraogo et al., 2013; Abdou et al., 2019) nI'752 NY'A9 Nyl NIMNPT &t

.(Gupta et al., 2005) NI*7221 T2d2 NY*AD 19N N'NIYAWN NIAN - [OIND 17VINY DTN NITIN - DT npnxm

.(Adeyemi et al., 2017) ny'a9 191 TadN 7V N1aN - 75722 17V11INW ATAyn NIT2IN - NOX'TA NAIM 7w o'

NY'A9 191 T2ON 7V N1an - ( TYUN [0 TA1D N'OININD NO9INN) Tamoxifen -2 17VINY NTAYN NIT2IN - D72V 7Y MM XM "%&
[(Essawy et al., 2017) WSS

Olatosin et al., ) T222 nY'ao 191 N2an - (7MpPXa 7'won 2'971N) 2MLXKIDA 17WIINY ATAYN NITZIN - NOX'TA NN [NY B
(2014}




J*7101'K7 NIT'MAY NN2AN ,7pwna N9 120 NI'7'7w NIYSIN 7W 2NN [11An2 NIRVANNN N1IND N7nn = N NINYWN
STIVE JON07 [12'02 N2y ,272%1 Ny a9 ,0Tn YN72 N9V ,NIM701 TAD 'TIP9N NY'AD ,'INIY TaD NNXIFA ,NI2I0 NINNONN

Muhammad et ) "InI¥ TAd 7¢ NINN9SNN NYIN -0DI0] IX [AIYA NV [ITRL NITIY DN2DY - D72V 7Y 1NN IR MM X e
Jirwna NN a7y nyani (Ghasi et al., 2000) o T2A 7NMVOYID NN NTIA NIV MY DTN L (al., 2019

2V N7 y'own’ '7an N1I7IN DINYN Yaimi nInwn 70N 0NIYAN 012 7Y 101 Y DN YIOWN D21 '7un ixm - g
w4

g

<

.(Metwally et al., 2017) ni*7on1 T2ON WS




N'NI 9122 NS NI7NN 1901 NI N'I¥Y X7 DY NIXIDNN = (Spasm) NIMIXY X7 DY NEIXIDNN
A7 X7 'R1T7 NWDIN [N ,0MMY NI9IN NISINNA NY910N

.(Bhattacharya et al., 2014) ni''p NISNNT7 ANITA DY 29I NIT7'YO - NTAYNA NITN - 07V 7Y '71INK '1Xn




.D'MIA 7W 2N (AN NRXIND 70710 NHV? "ayn qian NIvNSnva Aty — NidA DIN

DIYPN DY DAI71'0'S DD'7NN N'MNIVAYNA AT RN NAXIN 7 - NTAyN DIT7IN — 0751 D'YIY ,D'WAIT 7Y 11X {
.(Bhattacharya et al., 2014; Hukkeri et al., 2006; Bhaumik et al., 2016) n12a niN2 g; .

YN NdYN1 INYSYN X D'NYWD INKR? V'9Un? 7nn 075N X, (7mpNa 7'von 2'10) 7muxRI9 7v Ni7'we? nRivnl g
o~ |
Dy 12 -3




NY'A97 12yn .N'TINN D'A¥VYN NN NIYAISN NIP7TA NI''OINAN 17NN X'N N¥I9 Y0 = (MS) nXIiN)l YL
AT N7NnN2 071N "DUIN"Y AN 0'wrn 0NIvsSN'oN TNX 0N DN D'ANXD ,0'AXYN NDWWN 7Y 'Nn TIpSNa

D'NON'I D'ANRD 7Y '"MIynwn DIXNY - MS -7 9T Moy - (N21Mm 7w n'var 7'von 2 nn) Moringin 2% 7w Dz nnn Gl
.(Giacoppo et al., 2017) qiaa 0"NE7T 'VIX DININ 7Y NI DRV

HO

L &
'S\ =
HC . N &
0 O J/\L/\/'L _myrosnase
=0
HO

+ HSO, + glucose

ﬂ
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K*-0.S0 = sz pHT7.2
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MORINGIN (GMG-TC)




Yaw71 2% 'opnn? nniwpn Nitnn? 7'am oni nnnn 0T Y20 7w nnn = 0T yn'7 TN oyIY 1o

.(Chumark et al., 2008) D'y MWL 7w NYOIN 7w DIXAY - 7N0O7IDA YWY [ITA 172'7W NITZIN— D7V 7W MM 'IxX'n

DTN YN72 N'NIVAYN AT - DTAYN DIT7IN - N211m 7w 0'7un (0'oaxxrrniTx) Niazimicin ,Niazinin B ,Niazinin A npamh
(Gilani et al., 1998) NMI7'a%? nxwN2 2%0 axpAal 3

n1'¥ 86% 7w T 0T 7NVo71D0 NN 50% YW T - DY NWA0 71N NTAyn NIT7IN - 07V 7Y M e
.(Chumark et al., 2008) Simavastatin -3 D1'0VO0 7w MONN NN N7APNAN IT? NAIT NN D72 DRY




NISNN NIM*'Z .09 ,NIND NI7NNAILL7702 ,NI7NNA DIV 0'NR?T 07NN DR = J'\I'J'\.'l'?'l' NI7Nni D'axd
.219'0N NZO9N NIANNY 'RII7 NIYOINA DH7A NIFMT 217V [N NIV JNXR WIN'Y 071K NIFT'RNVO K71 NIFT'RINVO

[1AD D"NP7T 027NN TA1D D'7'V9N [IXNN 'TAID DININ 7Y NI D'NIAA D'TIDN 0'7'21 NANINN 7Y DRIYA NRXD 7270
,(T'R11279) Vicenin-2 ,(N'x9j7 n¥nin 7w 10OK) Chlorogenic acid ,(7111279) ,Kaempferol - 3 - glycoside nD'7'onw n'7wn
.DN7¥ N'MP7T '0IRN NI7'Yod DWITN B-sitosterol -1 1,3-dibenzyl urea ,(T'V99 7w N1T11) Arauntiamide acetate ,[*a1In

NIIXN'N-'VIRN N1ANN 2V N'RINKRN Nuclear factor erythroid 2—related factor 2 (Nrf2) n't>n Nd>vn a7 N2 'a1nms?
.(Cheng et al., 2019) qiaa 0"NP7T 070N NNN7N2 NQIYAT XN
KEAP1 KEAPI
) Under stress

Basal l
state Transcriptional

activation
l\'l’la\l’&(&\l’l

Ubiquitination

L,

-
1 NFkB —— cytokines e.g.
IL-6, TNFa

Proteosome degradation
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Crohn's Discase Ulcerative Colitis
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TNNN 2N
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.DMIM'TI NIXZNA ,NI7'N12 L]V 'ANd] NN N7NNN .NA'ZN 7W N9 [91TN DX N9¥NN N'MN2 Yxo = Ny A'D
.(Patel et al., 2019) na'zn 2> Nnina 80% -> 7w DI¥NY - N7NNY7 7T NIT?2IN — DN 7W I0VXKX 'IX'N ﬁ

.(Mabrok and Mohamed, 2019) - |"1'90KX NIYXAKA NA'7 2D 7Y ANPITI'R NAVY NTAvN NIFN— NUKXR'TA N2 "w

NP 2122 719'02 [N AYINA A NIAA IR0 U NAINN NNXY? -

Stomach ulcers




,0'10N AT 719 INX7 ,717V1 YIN '9%5 0'M'vin )IN2 0710 T 7Y 2u91Iny yn'7— (nmpm‘n) 122in 2'Y-)In yn'v
S1'W-INN YNT7 DT YNT 12 D122 DRNN W'Y RXND .N'RY7I W7 717 DNaY

N72p AnX? NipT 60 -3 ,0Th YN72 N1 .[11'M N17N 0T YN72 0T — N2 0'KN2 D'ATINA - NUX'TA D72V 7Y MM X el
.(George et al., 2018) .m1x'nn Nn7ap WNX7 NiT 90 -3 ,"2'w NN YN7A DNivnwn 2T LI &

HIGH PRESSURE
DAMAGES OPTIC NER

TOO MUCH FLUID STAYS W™ T £V
THIS INCREASES MRESSURE

NORMAL EYE GLAUCOMA




n (1
D'2'N 190N N7NN7 .071YyN 2NN D'YWIKR 1I'7'a NYAI9N N'7'90 n7nn K'N O'TRINYMY = ( N MUIY ) nNnyny
N'UNON NY'A971 11 7207 D'NIIAN D™MIX'N D'YX97 D'MNIA DFZ7NI NHNT D'AYIAI N9 NIDIYN] DWAID DP7NY 0'7'90 7Y
.D'7'90N T2 N7'W' NI7'WO *7¥2 YL "NIN INK YIS'N? DIIA NN NISINN 'NNl O'RNN [10'N 101N .1IX'NN NN
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