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Abstract: Moringa oleifera is one of the most useful tropical trees. Its leaves contain all of the essential amino
acids, vitamins B and minerals. Moringa oleifera leaves extract (MOLE) was added with different
concentrations (4, 8 and 12% v/v) to growth medium to study the growth of probiotic bacteria before
microencapsulation. The highest probiotic growth was recorded with 8% (v/v) MOLE. The effect of
microencapsulation of studied probiotic bacteria with 8% (v/v) Moringa oleifera leaves extract (MOLE) on the
changes in survival rate during exposure to artificial gastrointestinal conditions was studied. Non-encapsulated
cells were significantly destroyed when exposed to low pH (2) or high taurocholic acid (3%). Encapsulated cells
with 8% (v/v) MOLE exhibited higher resistance to artificial gastrointestinal conditions than encapsulated cells
without MOLE. Lb. jonsonii and B. adolescentis encapsulated 8% MOLE showed the highest acid-bile tolerant
and their morphology were investigated by transmission electron microscopy(TEM).The microencapsulation
with 8% (v/v) MOLE effectively protected the microorganisms from artificial gastrointestinal conditions.
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INTRODUCTION improve microbial balances in intestine and exert positive

Moringa oleifera is referred to as a “miracle tree” or “for life” and defined as “Live microorganism that
a “wonder tree” [1] of significant socio economic beneficially affects the host health by improving its
importance because of its several nutritional, microbial balance” [8]. More recently probiotics have
pharmacological   [2,   3]    and   industrial    applications been defined as “Live microorganisms that when
[4, 5].The leaves of this plant contain high amount of administrated in adequate amounts, confer a health on the
vitamin B complex, calcium, potassium, iron and protein. host [9]. Several factors have been reported to affect the
Also, they contain all of the essential amino acids in a viability of probiotics in fermented dairy products,
good proportion [6]. Modern consumers expect their food including pH, hydrogen peroxide, dissolved oxygen
to be healthy and to prevent illness as they are content, storage temperature, species and strains of
increasingly  interested  in  their  personnel  health  [7]. associative culture organisms, concentration of lactic and
This explains the reason for a rising interest in a probiotic acetic acids and even whey protein concentration [10, 11,
health based products. Probiotic live bacteria are 12] and in the gastrointestinal tract of the host.
recognized as good or friendly bacteria and thought to be Viability loss of probiotics in food products and
reducing potentially harmful bacteria from the intestine. acidic bile condition of gastrointestinal tract has always
Therefore, these live bacterial micro-organisms can encouraged  researches  to find new efficient  methods of

health effects on the host. Probiotic is a term that means
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viability improvement. Various approaches have been Preparation of Moringa oleifera Leaves Extract: Fresh
attempted so as to increase the resistance of probiotic
bacteria against adverse conditions like use of
micronutrients and encapsulation. Providing probiotic
living cells with a physical barrier against adverse
conditions is an approach currently receiving major
interest [7]. The technology designed to improve delivery
of probiotic bacteria into the human gastrointestinal tract
by providing protection to the sensitive bacterial
microorganisms may be referred as microencapsulation. It
is currently receiving a considerable interest for improving
the viability of probiotic bacteria [13]. Microencapsulation
is entrapping a substance by a material such that it is
released at controlled and required rate under suitable
conditions. Microencapsulation is a process by which live
cells are packaged within a shell material, which confer
them protection by preventing their direct exposure to
unfavorable environment, but permits diffusion of
nutrients in and out of the matrix, thereby supporting the
viability of the cells [14].

The aims of this study were to evaluate the influence
of Moringa oleifera leaves extract as a growth factor on
probiotc bacterial growth before encapsulation and
determine of resulted encapsulated probiotc bacteria
resistance against artificial gastrointestinal conditions.

MATERIALS AND METHODS

Probiotic Bacterial Strains and Growth Conditions:
Bifidobacterium adolescentis ATCC15704 and
Lactobacillus casei DSMZ 20011 were obtained from
Egyptian Microbial Culture Collection (EMCC) at Cairo
Microbiological Resources Center (Cairo MIRCEN),
Faculty of Agriculture, Ain Shams University.
Bifidobacterium lactis Bb.12 was obtained from Chr.
Hansen's Laboratories, Copenhagen, Denmark. Finally,
Lactobacillus jonsonii  ATCC  33200  was purchased
from American Type Culture Collection, Manassas, VA.
These four bacterial strains were subjected for probiotic
criteria investigations  in  previous  study [15, 16] and
selected for their high ability to withstand environmental
conditions similar to those of the human digestion tract.
The probiotic organisms were maintained individually and
grown in MRS broth at 37°C using a 1% inoculum. MRS
broth containing Bifidobacterium spp. was supplemented
with filter sterilized 0.05% (w/v) L-cysteine-hydrochloride
and 0.075% agar to create a more favorable anaerobic
environment. Before use, the probiotic organisms were
activated by growing 3 times successively in MRS broth
at 37 °C for 24h.

leaves of Moringa oleifera were obtained from
Horticultural Research Institute, Agricultural Research
Center, Giza, Egypt. The leaves extract of Moringa
oleifera was   obtained   by   squeezing   the  leaves
using  blender and  then  filtered  through  cheesecloth.
The   supernatant    was  heated  on  the  water  bath   for
1 minute. 

Chemical Analysis of Moringa oleifera Leaves Extract
(MOLE): The chemical analysis of Moringa oleifera
leaves extract was performed. The vitamins of Riboflavin
(B2), Thiamin (B1) and Nicotinic acid (B3) were determined
according to Batifoulier et al. [17]. The amino acids
(Arginine, Histidine, Lysine, Tryptophan, Theonine,
Metheonine, Lucine, Isolucine, Valine and Phenylanaline)
were analyzed using an amino acid analyzer [18]. Also, the
minerals (Calcium, Magnesium, Phosphrous, Potassium,
Copper, Iron and Sulphur) were determined according to
Vzaviniene and Tautkus [19].

The Effect of Moringa oleifera Leaves Extract on
Probiotic Bacterial Strains Growth: The MRS broth for
lactobacilli and MRS broth supplemented with filter
sterilized 0.05% (w/v) L-Cysteine hydrochloride and
0.075% agar for bifiddobacteria were fortified with 0, 4, 8
and 12% of (v/v) of Moringa oleifera leaves extract to
know the best concentration for high probiotic bacterial
strains growth.

Encapsulation of Probiotic Bacteria: The encapsulation
of probiotic bacteria with or without Moringa oleifera
leaves extract was performed using the methods of Shah
and Ravula [20] and Sultana et al. [21]. The cultures were
grown separately in MRS broth (lactobacilli) or MRSCA
(MRS +0.05 % L-cysteine-hydrochloride and 0.075% agar)
broth (bifidobacteria) supplemented with 0 or 8% (v/v) of
Moringa oleifera leaves extract at 37°C for 24h. The cells
were harvested by centrifugation at 2000g for 10 min at
4°C. The cells were washed twice and then resuspended
in normal saline. The final cell concentration was adjusted
to 10  CFU/ml. 100 ml of 3% (w/v) sodium alginate was11

prepared in a volumetric flask and sterilized by
autoclaving. The sterile encapsulating material was mixed
with 25 ml of washed and concentrated (10  CFU/ml)11

probiotic organisms. The mixture was dropped into oil
containing Tween 80 (0.02%). After the dropping was
completed, the mixture was stirred vigorously till it was
emulsified and appeared creamy. A solution of 0.1 M
calcium chloride was then added quickly along the side of
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the beaker, the phase separation of oil /water emulsion Microscopic Observation: The morphology of
occurred. The mixture was allowed to stand for 30 min for encapsulated Lb. jonsonii and B. adolescentis with 8%
the calcium-alginate beads to separate and settle at the Moringa oleifera leaves extract was observed by
bottom of the calcium chloride layer. The oil layer was transmission electron microscopy (TEM) (JEOL, Jem-2100
drained and the capsules were removed from the aqueous electron microscope-Japan [24].
phase and refrigerated at 4°C for 10 h and then
lyophilized. The encapsulated probiotic bacterial count Statistical Analysis: The mean values and standard
before and after lyophilization was determined. deviations were determined for all obtained data.

Acid Resistance: Acid resistance of encapsulated and were considered to be significant when P  0.05 [25].
probiotic bacteria with or without Moringa oleifera leaves
extract and control consisting of free probiotic bacteria RESULTS AND DISCUSSION
was carried out according to the method of Liong and
Shah [22]. Briefly, MRS broth was adjusted to pH 2 with Chemical analysis of Moringa oleifera Leaves Extract
5M HCl. Approximately 10 CFU/ml of each probiotic10

bacteria was inoculated into the acidified MRS broth and
incubated at 37°C for up to 2 h and samples were taken at
30 min intervals for enumeration. Serial dilutions were
performed and vortexed for 30 s individually before
inoculation to MRS or MRSCA agar plates. Plates were
incubated at 37°C for 72h in an anaerobic jar with an
anaerobic gas generating kit (Oxoid Ltd.). For the
enumeration of microencapsulated probiotic organisms,
the bacteria were released from the capsules by
sequestering calcium ions with phosphate buffer (0.1 M,
pH 7.0) followed by gentle shaking at room temperature
for 15 min. Acid tolerance was determined by comparing
the final plate count after 2h with the initial plate count at
0 h. All acid resistance tests were repeated 3 times. 

Bile Resistance: Bile resistance of encapsulated probiotic
bacteria with (8%) or without Moringa oleifera leaves
extract and free probiotic bacteria was carried out
according to the method of Liong and Shah [22].
Taurocholic acid (Sigma) was used to study the bile
resistance of probiotic bacteria because it is a conjugated
bile salt commonly found in the intestinal tract [23].
Briefly, MRS or MRSCA broth containing 3% (w/v)
taurocholic acid was adjusted to pH 5.8 using 5M HCl.
Approximately 10  CFU/ml of each probiotic bacteria was10

inoculated into the MRS or MRSCA broth with bile salts
and incubated at 37°C for up to 8h. Although the
concentration of bile acid and pH varies largely between
individuals, the level used in this study is within the
physiological concentrations found in the human
duodenum [23]. Bacterial growth was observed by
monitoring viable cell counts at 0, 4 and 8h on MRS or
MRSCA agar. The bile tolerance of each strain was
determined by comparing the count after 4 and 8 h of
exposure to bile salts with the initial count at 0 h. All
experiments were repeated 3 times.

Differences between samples were determined by T-test

(MOLE): Table 1 presents the chemical analysis of
Moringa oleifera leaves extract (MOLE). It is obvious
that 100 ml of MOLE contained 406.6, 149.8, 342.4, 107,
310.3, 117.7, 117.7, 492.2, 229.6 and 374.5mg arginine,
histidine, lysine, tryptophan, phenylanaline, methionine,
threonine, leucine, isoleucine and valine, respectively.
These results are in generally harmony with those
reported by Kumalaningsih et al. [26], who stated that all
of the essential amino acids can be found in Moringa
leaves extract. The levels of B1, B2 and B3 in MOLE were
found to be 0.09, 0.05 and 0.8 mg per 100ml, respectively.
Gopalan et al. [27] found the same values of these
vitamins. Similar values of minerals content showed in
Table 1 were obtained by Maroyi [28].

Table 1: Chemical analysis of Moringa oleifera leaves extract (MOLE).
Component Per 100 ml
Amino acids content(mg)
Arginine 406.6
Histidine 149.8
Lysine 342.4
Tryptophan 107

Phenylanaline 310.3
Methionine 117.7
Threonine 117.7
Leucine 492.2
Isoleucine 229.6
Valine 374.5
Vitamins content(mg)
B1 0.09
B2 0.05
B3 0.8
Minerals content(mg)
Calcium 440.0
Magnesium 24.0
Phosphorous 70.0
Potassium 259.0
Copper 1.1
Iron 0.7
Zn 0.16
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Effect of Moringa oleifera Leaves Extract (MOLE) on optimum  growth  was  recorded   for   all probiotic
Probiotic Bacterial Strains Growth: The effect of
Moringa oleifera leaves extract (MOLE) at different
concentrations on growth of studied probiotic bacteria is
presented in Fig. 1. The growth of all studied probiotic
bacteria was affected by (MOLE). The obtained data
revealed that increasing the concentration of (MOLE)
from 0 to 8% led to increase the probiotic bacterial growth
at 37°C for 24h of incubation time. Also, it could be
noticed that all studied probiotic bacteria did not grow
well at 12% (MOLE) and when the incubation time was
lengthened up to 48h compared with the growth at 8%
(MOLE)  and   24h   of   incubation   time.   Therefore,  the

bacteria at 8% (MOLE)  at  37°C  for  24h of incubation
time.  Lb.  jonsonii  and  B. adolescentis exhibited a
higher    growth     than     those     of    Lb.    casei    and
B. lactis,   respectively.   These   outcomes   are   similar
to  that  obtained  by  Van  Tienen  et   al.  [29],  who
found   that  the    addition   of   M.  oleifera  enhanced
the survival of probiotic bacteria in yogurt. The growth
improvement of bacteria by Moringa   oleifera   has
been   explained  by Kumalaningsih et al. [ 26], who
reported that the presence of essential amino acids in the
Moringa oleifera leaves improved the growth of the
organisms.

Fig 1: The effect of Moringa oleifera leaves extract on probiotic bacterial growth
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Count of Free and Encapsulated Probiotic Bacteria  lower, 0.36 to 1.5 Log, than those of free cells, 1.7 to 2.8
Before and After Lyophilization: Fig. 2 shows count of Log. Ding and Shah [30] stated that the Protection of
free and encapsulated probiotic bacteria without or with probiotics by microencapsulation in alginate beads is one
8% (MOLE) before and after lyophilization. It could be of the methods of improving their viability. The Freeze
seen from the results that, there was no significant drying has been traditionally used for preserving starter
differences between the count of encapsulated probiotic culture and probiotic bacteria [31, 32]. This is because the
bacteria with 8% (MOLE) before and after lyophilization. low temperatures used during freeze drying are expected
Also, the reduction level after lyophilization for count of to be less injurious to labile biological organisms than
encapsulated   probiotic    bacteria without  (MOLE)  was drying  at     ambient     or     higher    temperatures    [33].

Fig 2: Count of free and encapsulated Probiotic bacterial before and after lyophilization

Fig 3: Effect of low pH (2.0) on viability of free and encapsulated probiotic bacteria.
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Acid Resistance: The survival of free and encapsulated [34]. Thus, encapsulated probiotic bacteria without
probiotic bacteria without or with 8% (MOLE) under in (MOLE)  after  60min. of  acidic  condition  exposure
vitro acid conditions is given in Fig. 3. Free cells were would  not   confer   health   benefits.  Lb.  jonsonii  and
drastically reduced from an average of 10.18 Log CFU/ml B. adolescentis encapsulated with 8% (MOLE) were the
at zero time to an average of 4.06 Log CFU/ml at the end most resistance to acidic condition, with 7.5 and 7.11 Log
of acidic condition (pH 2) exposure period (60 min.) at CFU/ml surviving after 60 min incubation at pH 2,
37ºC. After 60 min. of incubation, viability of free Lb. respectively. These results are in agreement with those
jonsonii (4.32 Log CFU/ml) was higher  than Lb. casei obtained by Lee et al. [35] and Le-Tien et al. [36], who
(3.44 Log CFU/ml). Also, free B. adolescentis was more reported that an encapsulation of lactobacilli in alginate
acid- tolerant than B. lactis, with 5.2 and 3.28 Log CFU/ml improved survival in simulated gastric fluid, while the free
surviving after 60 min. of incubation at pH 2, respectively. cells were destroyed completely [37]. Also, higher
Higher survival of encapsulated probiotic bacteria without survival of immobilized bifidobacteria at acidic pH of GIT
or with 8% (MOLE) at acidic pH compared to free was observed [38, 39]. However, our results are in
probiotic cells. Also, it could be noticed that an contrast with those obtained by Sultana et al. [21],
encapsulated probiotic bacteria with 8% (MOLE) had a Hansen et al. [40] and Trindade and Grosso [41], who
more resistance than encapsulated probiotic bacteria reported that microencapsulation in alginate bead did not
without (MOLE) after 60 min. of acidic condition exposure. effectively protect the microorganisms from low pH.
At 60 min. of exposure, all an encapsulated probiotic
bacteria without (MOLE) survived at average of 5.55 Log Bile Resistance: The effect of the taurocholic acid (3%)
CFU/ml. It is estimated that 10  CFU/ml of live probiotic on the viability of free and encapsulated probiotic bacteria7

cells are needed to confer health benefits  to the consumer without or with 8% (MOLE)  is presented in Fig. 4. All free

Fig 4: Effect of taurocholic acid (3%) on viability of free and encapsulated probiotic bacteria.
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Fig 5: Morphology of encapsulated probiotic bacteria with 8% MOLE.

probiotic bacteria showed a significant loss of viability CONCLUSION
when exposed to 3% (w/v) taurocholic acid. The initial
average viable count was 10.16 Log CFU/ml but this level It can be concluded that the addition of M. oleifera
of viability was reduced to an average  6.6 log CFU/ml leaves extract increased the growth of probiotic bacteria.
after 4h of exposure and the average viable number was Microencapsulation of probiotic bacteria with 8% (v/v)
further reduced to 5.1 Log CFU/ml after 8h. The strains MOLE exhibited higher resistance to artificial
most susceptible to taurocholic acid  were Lb. casei and gastrointestinal conditions than encapsulated cells
B. lactis. The viability of encapsulated probiotic bacteria without MOLE.
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