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Abstract

Globally, there is a growing interest in plant products as a potential source of
antioxidant compounds in relation to oxidative stress that is one of the causes of several
degenerative diseases. Moringa oleifera is one of the African plants commonly con-
sumed as a nutritional supplement by several communities, due to the high level of vi-
tamins and minerals present in the leaves. In this study, the antioxidant power, some nu-
tritional (polyphenols, vitamin C, flavonoids as kaempferol and quercetin, ursolic acid
and trigonelline) and anti nutritional factors (condensed tannins, phytic acid) from a
leaf powder extract, obtained from a Moringa cultivar grown in Guateng region (South
Africa), were tested. Some of these results were compared to a commercial Rooibos
tea (Aspalathus linearis), another typical and commonly used South African beverage,
and to coffee (Coffee arabica). The results of these comparison tests indicated that tea
preparations from Moringa oleifera powder and from Rooibos tea contains the same
antioxidant activity but the content of flavonoids, vitamin C and free phosphate are
significantly higher in Moringa. Moreover, Moringa extract shows antimicrobial and
antifungal activity and very significant concentrations of ursolic acid (first evidence in
moringa) and trigonelline
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Introduction

Moringa oleifera, a tree native of northern India, is an
exceptionally nutritious plant with a variety of potential uses
and widely cultivated throughout the tropicst'’. It is known to
be extremely valuable in local communities where most of the
people consume plant-based diets??l. Almost all the parts of this
plant, from seeds to the roots, are used as various ailments in
the indigenous medicine system, whereby the leaves possess re-
markable nutritional and medicinal qualities®®*. The leaves of
Moringa oleifera contain significantly amounts of vitamin C,
A, and E, carotenoids, minerals (calcium, potassium and iron
mostly), proteins, essential amino acids as well as antifungal,

antiviral and anti-inflammatory agents®>®. All above-mentioned
nutritional and supplement properties of Moringa oleifera could
play an important role in the fight against malnutrition in both
developing and under developed countries®™. Local consumption
of Moringa is also increasing as a consequence of rising pub-
licity about its health benefits, especially regarding the diabet-
ics, obesity and fever treatment!”#], Nowadays, many companies
across the world are manufacturing various products containing
Moringa leaves in form of tablets, capsules, leaf powder or tea
containing a relevant amount of antioxidant compounds help-
ing to reduce risk of cardiovascular diseases and decreasing
also the cholesterol level®!®l. However, several differences
with regards to methods used for the tea preparation in the stag-
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es of maturation of the leaves after harvesting, the type of tree
species and environmental differences of the regions where the
tree is cultivated, have to be taken into account!'”). Moreover,
some studies have showed an interesting level of flavonoids and
polyphenols in Moringa leaves; these secondary metabolites,
due to their important antioxidant property, are involved in an-
ti-carcinogenic, anti-viral, anti-estrogenic and immune-stimu-
lating activities!'>!4151617 For these reasons, currently, there is
a growing interest in the use of Moringa leaf as an ingredient
in the preparation of herb tea, considered as functional foods
along with beverages such as sports drinks, fruit and vegetable
juicest'™31, In the developed countries, where the nutritional
problems are less prevalent, commercial preparation of Moringa
oleifera is used in sport activities to enhance physical energy and
athletic performance.

In this study we measured the antioxidant properties,
antimicrobial activity and the level of some compound with
nutritional (polyphenols, flavonoids) or anti-nutritional activity
(phytic acid, condensed tannins) of extracts of Moringa oleif-
era species cultivated in South Africa and we compared with
other commonly used hot drinks as rooibos tea and coffee. Fur-
thermore some other interesting compounds like ursolic acid
and trigonelline, present in the Moringa leaves, were analyzed.
Ursolic acid is a terpenoid compound involved in the skeletal
muscle and energy expenditure increasing, improving glucose
tolerance and decreasing the hepatic steatosis. Therefore ursolic
acid is a potential therapeutic approach for obesity and obesi-
ty-related illness!'”!. Trigonelline is an alkaloid with therapeutic
potential for diabetes and central nervous system disease®®”! and
possess an interesting phytoestrogenic activity!l.

Materials and Methods

Plant material: Moringa oleifera leaves (6 months old) were
obtained from Green Hearth®, in Gauteng region, South Africa.
Rooibos tea and coffee commercial preparations were bought in
a local shop.

Chemicals and solvents: All reagents and standard chemicals
were purchased from Sigma Aldrich®.

Samples preparation: Samples for total antioxidant capacity
(DPPH test) and total polyphenols analysis were treated accord-
ing to the method described by™?. An amount of 200 mg of sam-
ples (in triplicate) was extracted with 40 ml of methanol: water
(50:50, v/v; pH 2.0) and homogenized for 5 minutes at room
temperature. The homogenate samples were kept at 4°C for 1 h
and then centrifuged at 2500 g for 10 minutes. The supernatants
were recovered and the residue was further washed with 40 ml
of acetone: water (70:30, v/v) solution and then centrifuged. The
resulting supernatants were combined and stored at 20°C before
analysing.

Total antioxidant capacity (DPPH test)

By means of the widely used 2,2-Diphenyl-1-Picryl-
hydrazyl (DPPH) test, following the procedure described by
Brand-Williams et al.,1995, modified by Thaiponga et al.,
199584, it is possible to measure the ARP (Anti-Radical Power)
of extracts prepared from any biological material. Stock solution
was prepared by dissolving 24 mg of DPPH powder in 100 ml
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of methanol and then stored at 20°C until needed. The working
solution was obtained by mixing 10 ml of stock solution with
methanol: water 1:1 (v/v) to obtain an absorbance of around
1.0 £ 0.1 units at 515 nm (UV/VIS Perkin-Elmer Lambda 35
spectrophotometer). Different amounts (10 — 100 pl) of prepared
samples were added (except in the control samples) to 900 ul of
DPPH working solution. This stable free radical reacts with an-
tioxidants and its consequent colour loss, measurable at 515 nm,
correlates with antioxidant content. Each reaction mixture was
incubated overnight at room temperature in the dark so as to let
it reach a steady state before the final absorbance was read and
the residual concentration of DPPH calculated by making refer-
ence to a calibration curve (slope: 0.029) obtained by measuring
absorbance at 515 nm of a series of dilutions in methanol: water
(1:1) of a freshly prepared DPPH methanolic solution (1mg/ml),
so as to span the range 0.1 - 100 mg/ml. These values were plot-
ted against those of the volumes (ml) of extract added at time
zero to the DPPH solution in order to calculate by interpolation
the volume of extract required to consume 50% of the initial
DPPH amount. The reciprocal of this figure corresponds to the
ARP value!?,

Determination of total polyphenolic content

Total phenolics were determined by the method de-
scribed by Waterman, Mole 19942° using Folin—Ciocalteu re-
agent. In a test tube, 150 pl of the methanol-acetone extract,
2400 pl of nano pure water and 150 pul of 0.25 N Folin—Ciocal-
teu reagent were combined and then well mixed, using a vor-
tex. The mixture was allowed to react for 3 minutes after which
300 ul of IN Na,CO, solution was added and mixed well. The
solution was incubated at room temperature for 2 hours and the
absorbance was measured at 725 nm against a blank. Quantifi-
cation was based on the standard curve of Gallic acid solution (0
— 0.5 mg/ml) and results were expressed as mg/g of GAE (gallic
acid equivalents)?7.

HPLC determination of quercetin and kaempferol

Flavonoids were extracted and assayed according to the
modified method described by Gudej et al., 2004281, Briefly, 200
mg of material (three replicates) were extracted with 6 ml of
25% HCI and 20 ml of methanol. The samples were then heated
and shaken at 85°C for 2 hours for glycosides hydrolyzation.
A fraction (5 ml) of the treated samples was then transferred in
a new flask where 10ml of methanol were added. The samples
were then centrifuged for 10 min at 10,000 g and filtered (0.45
nm) before to be analysed by HPLC system (Perkin Elmer se-
ries 200 equipped with diode array detector UV/Vis and a C18
column, Mediterranean 5 um 25 x 0.46). The solvents were (A)
methanol and (B) water adjusted to pH 2.8 with acetic acid. The
injection volume was 20 pl and the flow rate 1 ml/min. The elu-
tion profile was as follows: 0 min. 40% A in B, 0 - 0.5 min 40%
to 60% A in B, 0.5 - 2.5 min 65 A in B, 2.5 - 6.0 min 6 to 45%
A, 6.0 -8.0min40% A in B. UV absorbance at 260 nm was used
to detect quercetin and kaempferol in the same chromatographic
run. flavonols were quantified by comparing the peak height in
the chromatograms with the value registered in the calibration
curve obtained for each compound by injecting 20 pl of different
dilutions of the respective standards dissolved in dimethyl sulf-
oxide (DMSO).
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Condensed tannins extraction and analysis

An amount of 0.5 g (either for Moringa leaf or Rooibos powder)
was mixed with 10 ml of acetone: water: diethyl ether (7 : 2 : 1)
solution and shaken at 60°C for 1 hour in the dark. The samples
(in triplicate) were then sonicated and centrifuged at 8000 g for
10 minutes (4°C) and the supernatant was filtered in new test
tubes. An aliquot (0.5 ml) of each extract was mixed with 3 ml
of butanol/HCI (95:5, v/v) solution in screw-capped test tubes
and incubated for 60 minutes at 95°C. A red coloration was de-
veloped and the absorbance was then read at 550 nm versus a
prepared blank and compared with a known concentration range
of delphinidin standard, similarly prepared. All results were ex-
pressed as mg delphinidin equivalents/g dry material. Data are
reported as mean + standard deviation for three replications. A
linear response was obtained between 1 pg and 5 pg of delphi-
nidin/ml solution®®!.

Determination of phytic acid and free phosphate

In order to measure the free phosphate content, a flour
sample of 50 mg from each plant material (3 replicates) was ex-
tracted with 1 ml of 12.5% TCA, 25 mM MgCl, solution for 20
minutes at room temperature and then left stirring overnight at
4 °C. After centrifugation, 100 ml of the supernatant were add-
ed to 900 ml of a freshly prepared Chen’s reagent (6N H SO, :
2.5% ammonium molybdate : 10% ascorbic acid : H,O (1:1:1:2,
v/v/v/v)) and incubated at 50°C for 1 hour before reading the ab-
sorbance at 650 nm of the blue reaction mixture®. A reference
standard curve was routinely prepared using a series of Na,HPO,
solutions within the linearity range (from 10 to 60 nanomoles of
phosphate). Phytic acid content was determined in a similar way
after samples were subjected to a ferric precipitation method, as
described by Pilu et al., 200583% and expressed as mg/g. Briefly,
after precipitation with Iron chloride solution, the extracts were
incubated at 100°C for 30 minutes; after centrifugation, the su-
pernatant was discarded and pellet suspended twice using 400
ul of 0.2 M HCI and a third time using 400 pl of concentrated
H,SO,. The sample mixture was left at 100°C adding day by day
and continuatively small amount of 3% H,O, until the samples
color is completely cleared. After 24 h without adding hydrogen
peroxide, the samples were assayed using the Chen’s reagent.

Determination and extraction of Vitamin C

Vitamin C from Rooibos and Moringa leaf powder was
determined by using the HPLC system previously described. An
amount of 0.2 g of plant material (in triplicate for each plant spe-
cies) was extracted with 70% methanol containing 3% H.PO,.
After shaking for 30 minutes at room temperature, the samples
were sonicated and filtered before injecting in HPLC. The isoc-
ratic mobile phase was 2% KH, PO, (pH 2.3); the flow rate was
0.8 ml/min, and samples were run for 15 minutes with a post-run
period of 2 minutes. The detection was performed at 254 nm;
L-Ascorbic acid was identified and quantified by comparing re-
tention times, absorption spectra, and peak areas with those of
L-ascorbic acid standard®!.

Trigonelline and ursolic acid determination

Samples of two grams (in triplicate) from Rooibos and
Moringa leaf powder were extracted for 1 hour at room tem-
perature with methanol containing 1% 2,6-di-tert -butyl-4-meth-
ylphenol (BHT) using an ultrasonic bath?®?. The samples were
then filtered through a membrane filter (0.45 um pore size) prior
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to injection. The HPLC method was set up to allow the simul-
taneous determination of the two compounds. Mobile phases
were methanol (A) and 0.01M H,PO, (B); flow rate was 0.6 ml/
min, and samples were run with 90 of A for 15 minutes with a
post-run period of 5 minutes with 95% of A phase. The detec-
tion was performed at 210 nm and the samples were quantified
by comparing the peak height in the chromatograms with the
value registered in the calibration curve obtained for each com-
pound by injecting different dilutions of the standards dissolved
in methanol™3,

Determination of antimicrobial activity
List of the tested microorganism:

* Enterococcus faecalis (ATCC 29212) (Gram positive)

* Klebsiella pneumoniae (ATCC 9633) (Gram negative)

* Pseudomonas aeruginosa (ATCC 15442) (Gram negative)
* Staphylococcus aureus (ATCC 25912) (Gram positive)

* Cryptococcus neoformans (ATCC 14116) (Yeast)

* Candida albicans (ATCC 14053) (Yeast)

Antibacterial activity

Minimum inhibitory concentrations (MIC) of Moringa
extracts for antibacterial activity were determined using micro
dilution bioassay®¥. Cultures of gram positive (Enterococcus
faecalis ATCC 29212) and gram negative (Klebsiella pneumo-
niae ATCC 9633) were diluted with sterile Mueller-Hilton broth
to obtain final inoculums of approximately 10¢ CFU/ml (colo-
ny forming units). Moringa powder extracts were suspended in
acetone to a concentration of 100 mg/ml. One hundred micro
liters of each extract was serially diluted with sterile distilled
water in a 96 well microtiter plate for each of the four bacterial
strains. Serial dilutions of neomycin (starting from 0.1 mg/ml)
were used as a positive control. Each strain culture was then
incubated at 37 for 24 h. Bacterial growth (MIC) was monitored
after addition of 50 pl of 0.2 mg/ml of the dye indicator INT (p-
iodo nitro tetrazolium chloride) and further incubation at 37°C
for 24hB4,

Antifungal activity

Micro dilution method described by Masoko, Eloff
20078431 was used to determine antifungal activity of Moringa
extracts. The used protocol is the same previously described for
antibacterial activity with exception of the amphotericin B anti-
biotic as positive control. Moreover the incubation period of the
fungal strain was 48 hours.

Results and Discussion

Antioxidant activity and polyphenols analysis

In order to collect information about the level of overall
antioxidant activity present in Moringa leaf extract, the DPPH
test was used. Even not a biological radical, DPPH test provides
a good estimation of the total antioxidant activity in the exam-
ined samples. Results are presented in the Figure 1 and show
the ARP values from Moringa tea extract (infusion prepared by
using of dry leaves) compared with the other two commonly
used beverages in South Africa, Rooibos tea and coffee (mixed
coffee varieties, available in the stores). Coffee drink presents,
as expected, the higher total antioxidant capacity (0.05 of ARP,
antiradical power), around eight fold more than Moringa and
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Rooibos tea (0.007 and 0.006 respectively). Moringa tea prepa-
ration presents the same antioxidant activity showed by the Roo-
ibos tea, but comparing the ARP values obtained from the leaf
powder and from tea preparation, it was possible to notice a rel-
evant difference, as shown in the Figure 2. Moringa leaf powder,
in fact, presents an antioxidant activity more than three times
higher respect to that found in tea infusion preparation, in which
only part of the antioxidant compounds present in the leaves is
extracted through the boiling water. Polyphenols analysis of the
same samples reflects the ARP values previously showed (Fig-
ure 3).

ARP
0,06

0,05
0,04
0,03
0,02
0,01 _
, [

RoiBoos TEA MORINGA TEA COFFEE

Figure 1: Comparison of ARP values of Moringa and other two com-
mon South African beverages.

ARP
Moringa oleifera
0,025
0,020
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Figure 2: ARP values of leaf powder and a tea preparation from Mo-
ringa o.
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Figure 3: Polyphenols concentration in the examined beverage prepa-
rations and the difference in Moringa o. leaf powder and tea.
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Condensed tannins analysis

Moringa leaf powder was analysed for the condensed
tannins content and compared with the same Rooibos materi-
al. As shown in the Figure 4, Moringa presents a concentration
of tannins around 4 times higher respect to that found in Rooi-
bos. These data about the tannins content can be considered in
a twofold manner: condensed tannins represent one the major
groups of antioxidant molecules found in the food and bever-
ages, possessing multifunctional properties beneficial to hu-
man health, for instance it has been reported a reduction of the
adverse effects of diabetes®), but on the other side, they seem
to be involved in the inhibition of the metabolism of digested
and absorbed nutrients, particularly proteins®”. Therefore, the
nutritional property of the tannins present in Moringa extracts
depends on type of consumed diet. Moreover, It is interesting to
compare these results with those presented in literature about the
content of tannins in the coffee, which contains, in fact, different
concentrations of these polyphenolic compounds, according to
the different varieties and roasting temperatures; as shown in the
publication of Hecimovi¢ et al., 20115#, the pro-anthocyanidins
content in the coffee is between 0.01 mg/g in the green ciocco-
lato variety and 0.9 mg/g in Cherry variety, roasted at medium
temperature.

condensed tannins (mg/g)

MORINGA LEAF POWDER RO0IBO0OS LEAF POWDER

Figure 4: Condensed tannins in Moringa and Rooibos leaf powder.

Free phosphate and phytic acid analysis

The phytic acid phosphate (PAP) content in Moringa
leaf powder was determined and compared with that one found
in Rooibos leaf powder and in coffee grains. Results, in the Fig-
ure 5, show a concentration of phytic acid in Rooibos tea leaves
around 20% higher than in Moringa leaf powder (*p =0.01) and
around 80 higher than in coffee grains. Consequently, the free
phosphate content observed in Moringa leaf powder is 24 higher
than in Rooibos (***p = 0,00016) Figure 6. The finding of this
study strengthen the argument about the higher nutritional quali-
ty of Moringa over Rooibos; Moringa oleifera extracts present a
relevant amount of free phosphate and a lower content of phytic
acid respect to those observed in Aspalathus linearis, considered,
up to now, one of the most healthy beverage commonly used in
South Africa and in Africa in general. Phytic acid, by virtue of
its ability to chelate iron, is a potent inhibitor of the iron-driven
formation of ROS, reactive oxygen species™’ and moreover it
possess an important anticancirogenic activity; nevertheless it
must be considered, in countries with a poor and monotonic diet,
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an anti nutritional compound, especially because of its reported
ability to chelate metal cations like iron and zinc and, therefore,
to reduce their bioavailability in the digestive apparatus.

mg phyticP / g

MORINGA LEAF POWDER

Figure 5: Phytic acid content in M. oleifera, A.linearis and coffee
grains.

mg freeP / g
@
o

MORINGA LEAF POWDER ROOQIBOS LEAF POWDER

Figure 6: Free phosphate content in Moringa and Rooibos leaf powder.

Ascorbic acid and flavonoids analysis:

Moringa oleifera plant is well known to be rich in vi-
tamin C; it possess more than 5 times the amount present in a
typical orange juice beverage (data available at the following
link: http://www.fao.org/docrep/x2650t/x2650t03.htm). Sub-
sequently, a comparison test between the ascorbic acid content
in Moringa and Rooibos leaf powder was then performed in
this study. Obtained results showed a vitamin C concentration
in Moringa 66.6 higher than in Rooibos (0.70 = 0.04 mg/g and
0.42 + 0.01 mg/g, respectively) (**p = 0,00037). These results
about Moringa are slightly lower than those found in literature
(4041 but it is necessary to consider that the content of this vi-
tamin can vary according to the examined Moringa genotype.
Data regarding HPLC analysis of flavonoids from Moringa leaf
powder were compared with results shown in literature for Roo-
ibos. In the Figure 7, the two most important and abundant fla-
vonoids, kaempferol and quercetin, were measured in Moringa
leaf powder and compared with the values obtained in Rooibos
leaf powder from Bramati®?. Moringa plant presents an amount
of the two flavonoids higher than in Rooibos (around 30 ) and,
in both plants, kaemferol concentration is higher respect to the

Doria, E., et al.

27

v/ OMMEGA

Answering Intelligence —

quercetin, around 20 higher in Moringa and 40 higher in Rooi-
bos. These results about the flavonoids content in Moringa are
compatible with those reported in literature; a recent publication
shows how the different extraction methods affect the total fla-
vonoids concentration from Moringa leaf dry powder, contribut-
ing to the variability of results!*].

mg/g

M. oleifera A linearis

kaempferol W quercetin

Figure 7: Content of the main two flavonoids in Moringa and Rooibos
leaves.

Trigonelline and ursolic acid analysis

HPLC analysis (chromatogram illustrated in Figure 8)
showed a relevant amount of these two compounds, especially
of trigonelline, which reached the concentration of 2.83 mg/g.
In the literature, the presence of trigonelline was not previous-
ly recorded in M. oleifera, except for a paper published from
Mathurt in which trigonelline content was measured in various
parts of the plant and in vitro cell cultures; in the leaves, the con-
centration of this alkaloid was around 2.6 mg/g, perfectly in line
with results presented in this work.

Sm13001-30 1 BRESE-1 3448 ram

ursolic acid

Figure 8: HPLC analysis of ursolic acid and trigonelline in M. oleifera.
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The measured value for ursolic acid content in Mor-
inga leaf powder was 1.8 mg/g. This triterpenoid molecule is
generally present in apple peel but also in several Lamiacee spe-
cies; the results from this study is then one the first evidence of
the presence of ursolic acid in a Moringaceae plants. In another
published work the content of oleanolic acid and ursolic acid
in Moringa, but using the seeds as experimental material, was
analysed™.,

Antimicrobial activity
Moringa extract showed a significative antimicrobial
and antifungal activity; the MIC values are reported in table 1.

Table 1:
MIC values (mg/ml).
Mor. dry leaves Mor. fresh leaves
extract extract
C. neoformans 3.13 1.55
C. albicans 12.5 1.60
E. fecalis 12.5 6.25
K. pneumoniae 12.5 3.13
S. aureus 3.13 12.5
P. aeroginosa 3.13 50.0

In literature several studies about the antimicrobial ac-
tion of the Moringa leaf extracts were published using different
system of evaluation and different microbial strains®®#748 The
data from these studies showed a strong antimicrobial activity of
Moringa, suggesting that these extracts can be used to discover
antibacterial agent for developing new pharmaceuticals against
human pathogens!*-°!,

Conclusions

Moringa dry leaf extract, used in a commercial product
in South Africa, was analysed for nutritional and healthy prop-
erties and some of these results were compared with those ob-
tained from Rooibos and coffee. With the exception of the cof-
fee, which present a much higher antioxidant activity respect to
the other two plants, Moringa and Rooibos contain more or less
the same concentration of antioxidant compounds. Moringa, in-
stead, was found more rich in tannins, vitamin C and flavonoids
quercetin and kaempferol respect to Rooibos.

The phytic acid content in Moringa resulted lower?®]
than in Rooibos tea, with a consequent higher level of free phos-
phate. In this work, moreover, the concentration of trigonelline
and ursolic acid in Moringa was detected setting up a HPLC
method which allowed to determinate the presence of the two
compounds in the same chromatographic run. These results
showed for the first time a relevant amount of ursolic acid and
confirmed the few data present in literature about the accumu-
lation of trigonelline in the leaves. Finally, data regarding anti-
microbial activity confirmed an important action of Moringa ex-
tracts against different strains of pathogens, bacteria and fungi.
The overall results in this study highlight the potentials of Mo-
ringa plant extracts to mitigate the adverse effects of some diet
and to contrast lifestyle related diseases.
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