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The generative propagation of Moringa oleifera is quite difficult because the ability of seed germination is 
low. An alternative to overcome this obstacle is by planting vegetative propagation through 
biotechnology approach.The purpose of this study was to determine the effect of medium with different 
of composition IBA and GA3 and different concentration of sucrose to the development of synthetic seed 
of M. oleifera. Embryogenic callus was induced on MS with addition of  1 mg L-1 NAA medium. 
Furthermore, it was matured on 3 mg L-1 BAP until the formation of somatic embryos. Somatic embryos 
of M. oleifera were encapsulated using alginate and called synthetic seeds. Synthetic seeds were 
planted on several germination media: 1; 1.7; 2.4 mg L-1 IBA, and  0.055; 0.035; 0.015 mg L-1  GA3 with  
3, 4.5 and 6% sucrose. Synthetic seeds had  diameter ranging from 7 to 10 mm with the color of clear 
seed and white-yellowish embryo. The highest fresh weight and percentage of penetrating of seed 
obtained on 0.035 mg L-1 GA3 with addition of 3% sucrose, and the highest percentage of germination 
obtained on 0.035 mg L-1 GA3  and 1,7 mg L-1 IBA with addition of 3% sucrose. The composition of 
medium using 0.035 mg L-1 GA3  and 1,7 mg L-1 IBA with addition of 3% sucrose generated high 
percentage of penetration and synthetic seeds Moringa oleifera germination. Characteristics of the 
synthetic seed were  clear color and visible yellowish-white embryo, diameter of 7.0-10.0 mm, fresh 
weight ranging from 10.00 to 52.33 mg.  
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INTRODUCTION 

Moringa oleifera is one of the thirteen species 
most widely cultivated that belongs to the 
Moringaceae family. All parts of the plant  are 
eaten widely as vegetables, providing excellent 
food for human (Islam et al., 2005). The leaves 
contain more vitamin A compared to carrots, more 
calcium than milk, more iron than spinach, more 
vitamin C than oranges, and more potassium than 
bananas, and the protein quality of Moringa 
oleifera leaves is better that of milk and eggs 
(Fuglie, 2000). The extracts of Moringa leaves 
shows antimicrobial and antifungal activity in 

addition to cancer preventive effect (Siddhuraju, 
2003 and Devendra et al., 2011). Some of the 
compounds isolated from Moringa are reported 
having hypotensive, anticancer and antibacterial 
activity include 4-(4'-O-acetyl-a-L-
rhamnopyranosyloxy), benzyl isothiocyanate, 4-
(a-L-rhamnopyranosyloxy) benzyl isothiocyanate, 
niazimicin, pterygospermin, benzyl isothiocyanate, 
and 4-(a-L-rhamnopyranosyloxy) benzyl 
glucosinolate (Bennett et al., 2003). Due to these 
medicinal values, this plant have to be conserved 
and multiplied to meet commercial requirements. 
The widespread use of M. oleifera causes the 
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increase demand of Moringa oleifera. The 
propagation of Moringa is  less due to its low seed 
germination, its viability and lack of vegetative 
plantation methods (Devendra et al., 2012). 
Excess use of many rare plant species, in phyto-
pharmaceutics, endangers the plants. 

One alternative to overcome these obstacles 
is by planting vegetative propagation through 
biotechnology approach. Synthetic seed 
technology is advancement in micropropagation. 
Encapsulation of germplasm along with 
micropropagation can be used for in vitro 
conservation of endangered species (West et al., 
2006).  The concept of encapsulation was first 
presented by Murashige (1997) using somatic 
embryos.  

Somatic embryos have been used as the 
micropropagules to produce artificial seeds in a 
vast variety of fruit and crop species (Siong et al., 
2012). Therefore, protections  are carried out 
using encapsulation technique that provide 
physical protection, nutrients, growth regulator, 
antibiotics, fungicides required during germination 
of synthetic seeds (Rai et al., 2009; Singh et al., 
2010). Synthetic seeds are defined as artificially 
encapsulated somatic embryos, shoot bud, cell 
aggregates or any other tissue that can be used 
as a seeds (Ravi and Anand, 2012; Kikowska and 
Thiem, 2011; Ara et al., 2000). The synthetic seed 
technology is one of the most important 
applications of plant tissue culture, it combines the 
advantages of clonal propagation with those of 
seed propagation and realistically amenable to the 
extensive scale up required for the commercial 
production of medicinal tree. Synthetic seeds 
provide benefit of storability, they are easy to be 
handled and to be transported, they have 
protection against diseases and pests. This 
technology can be considered as an effective 
alternative conservation technique for endangered 
rare plants (Lambardi et al., 2006; Ali et al., 2012).  

In vitro germination of synthetic seeds 
requires a medium having adequate nutrients. 
Sufficient nutrients for germination are obtained 
from a medium containing minerals, vitamins, 
growth regulators and appropriate carbon 
sources. Source of carbon is obtained from the 
addition of sucrose to the medium. Sucrose as a 
carbon source is the most widely used because it 
provides an optimum growth effect and relatively 
inexpensive (Swedlund and Locy, 1993).  Sucrose 
is an important carbohydrate in plants. Sucrose 
functions are photosynthesis regulator, respiration 
regulator and osmotic pressure regulator in the 
cytosol  and sucrose is the main carbohydrate for 

seed germination and development. Plant Growth 
Regulators (PGR) for germination commonly used 
are Indole Butyric Acid (IBA), and Gibberellic Acid 
(GA).  Gibberellins are diterpenoid, regulating 
plant growth. They are commonly used in modern 
agriculture.The concentration is determined by the 
type of growth and explant growth, so the 
concentration in each species is different (George 
et al., 2008). 

The purpose of this study was to determine 
the effect of medium with different of composition 
IBA and GA3 and different concentration of 
sucrose to the development of synthetic seed of 
M. oleifera. 
 
MATERIALS AND METHODS 

Plant material 
Leaves of Moringa oleifera explants were 

used as explants for callus induction and its plant 
regeneration. These were collected from 
Surabaya, East Java, Indonesia.  

Sterilization and inoculation of explant 
Sterilization was carried out by washing the 

leaves with distilled water for 10 minutes and then 
soaked in surfactant solution for 10 minutes, 
followed by three times of rinses with distilled 
water for 5 minutes. The explant were soaked in 
antifungal for 10 minutes, followed in NaOCl 
solution for 2 minutes.  The explant were further 
surface sterilized using 96% alcohol for 3 minutes, 
then rinsed with sterile distilled water. The 
explants were surface dried on sterile filter paper 
and cultured on MS medium supplemented with 
different levels of plant growth regulators for callus 
induction and somatic embryogenesis. 

Medium composition and culture condition 
MS medium consists of MS basal medium 

with vitamins and 3% sucrose. The  pH was 
adjusted to 5.6-5.8 with NaOH or HCl before 
autoclaving at 121°C for 20 minutes. The growth 
regulators were added to the culture media before 
autoclaving. Cultures were incubated in a growth 
chamber  at 24°C, 70% of relative humidity and 
16/8 hours (light/dark) photoperiod with light 
supplied by cool white fluorescent lamps at an 
intensity 60 µmol m-2 s1 . 

 
Induction of embryonic calluses 

 The explants were placed on MS with 30% 
sucrose and medium supplemented with 1 mg L-1 

NAA and 1 mg L-1 kinetin for the induction of 
embryonic callus formation (Muslihatin, et al., 
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2016). Embryonic calluses were induced for 4 
weeks. Cultures were incubated in a growth 
chamber  at 24°C, 70% of relative humidity and 
16/8 hours (light/dark) photoperiod with light 
supplied by cool white fluorescent lamps at an 
intensity 60 µmol m-2 s1. 

Induction and maturation of somatic embryo 
Somatic embryos were induced within 4 

weeks on MS media supplemented with 3 mg L-1 

BAP. The greenish-yellow, globular pro- 
embryoids were observed and these were sub-
cultured on the same medium for maturation. 
Matured somatic embryos (heart and torpedo 
shaped) were sub-culturing every 2 weeks. 
Encapsulation technique 

4% sodium alginate was added with 0.3 mg L-

1 NAA and 3 mg L-1 BAP in a calcium free liquid 
MS medium containing 3% sucrose. 
Encapsulation was done by mixing torpedo stage 
of embryos  on Na-alginate gel and MS. The 
somatic embryos were introduced into a mixture 
of sodium alginate and liquid MS and then taken 
with a disposable sterile plastic pipette with the 
position of all parts of the embryo covered by 
sodium alginate. The  explant was released drop 
by drop into 75 mM CaCl2 solution for 15 to 20 
minutes, then the synthetic  seeds were washing  
in distilled water to remove residue. 

Synthetic Seed Germination 
The resulting synthetic seeds were grown on 

variation of MS medium supplemented with   1 mg 
L-1 IBA, 1.7mg L-1 IBA 2.4 mg L-1 IBA, and 0.055 
mg L-1 GA3,  0.035 mg L-1 GA3, 0.015 mg L-1 GA3 

and MS0. Each medium was added by sucrose 
with concentration of 3, 4.5 and 6%. Medium were 
used for germination were semi-solid medium. 
Synthetic seeds produced were put into a culture 
chamber with different combinations of plant 
regulators. The observed parameters were 
percentage of germination and penetration, fresh 
weight, and synthetic seed characteristics 
(diameter of synthetic seed, color and texture). 

 
RESULTS 

Development of Somatic Embryo. 
The embryogenic callus formed was 

transferred to a somatic embryo induction and 
maturation medium. Maturation is the full grown 
stage of embryogenic callus where developmental 
stage of the globular structure to cotyledons takes 
place. In this study, the globular, heart  and 
torpedo shaped (Fig. 1) were obtained at the 
same observation at 10 weeks after incubation.  

 

 

 
 

Figure 1. Somatic embryo of Moringa oleifera. A. Globular shape; B. Heart shape; C. Terpedo shape; D. Cotyledone  

A B 

C D 
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Characteristics of Synthetic Seed Morphology 
Characteristics of the synthetic seeds 

produced were  round shape, rigid, durable, clear 
color and visible yellowish-white embryo, diameter 
of 7.0 – 10.0 mm,  fresh weight ranging from 
10.00 to 52.33 mg (Fig. 2). 

Growth of synthetic seed 
Synthetic seeds were incubated in 30 days 

germination medium. During the incubation period 
the seeds showed several responses such as 
seeds ability of penetrating alginate.  

 The highest of fresh weight obtained on 
0.035 mg L-1 of GA3 (52.33 mg) with  3% of 
sucrose, the low fresh weight obtained on 0.055 
mg L-1 of GA3 with 4.5% sucrose and  1 mg L-1 of 
IBA, and MS 0 and 1 mg L-1 of IBA (10.00 mg) 
with 6% sucrose (Fig. 3). 

Penetration and germination 
Explant penetration is the ability explant 

to penetrate gel that serves as endosperm in 

synthetic seeds. Observation of penetrating in 
synthetic seeds serves to know that the cells are 
able to grow and develop as well as to test the 
suitability of alginate composition for synthetic 
seed germination. Fig. 4 shows the average 
percentage of penetration of synthetic seeds. 
From the result of this study, the low penetration 
of seeds found on 0,015 mg L-1 of GA3, 1 and 2.4 
mg L-1 of IBA with 6% of sucrose. While the 
highest percentage of penetration is found on 
0.035 mg L-1 of GA3 with 3% of sucrose (77.78%) 
(Fig. 4).  

The concentration of sucrose and hormone 
and their interaction had no effect on germination 
of synthetic seeds. Fig. 5 shows that high 
percentage of seed germination was found on 
0.035 mg L-1 of GA3 with 3% sucrose and 1.7 mg 
L-1  of IBA with 3% sucrose (88.89%). In general, 
high percentage germination and penetration are 
generated in medium with 0.035 mg L-1 of GA3 
and 1.7 mg L-1 of IBA.  

 

 
 

Figure 2. Penetration and germination of M. oleifera synthetic seed 
 

 
Figure 3. The effect of phytohormone composition and sucrose concentration  to fresh weight of 

M. oleifera synthetic seed 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

MS0 GA3 0,055 GA3 0,035 GA3 0,015 IBA 1 IBA 1,7 IBA 2,4

fr
es

h
 w

ei
g
h
t 

(m
g
)

composition  of phytohormones (mg L-1 )

3% sucrose 4.5% sucrose 6% sucrose



Muslihatin et al.,                                                                          Synthetic seed of Moringa oleifera germination 

 

                                                     Bioscience Research, 2018 volume 15(3):1982-1991                                    1986 

 

 
 

Figure 4. The effect of phytohormone composition and sucrose concentration to percentage of 
penetration  of M. oleifera synthetic seed 

 
 

Figure 5. The effect of phytohormone composition and concentration of sucrose  to percentage of 
germination of M. oleifera synthetic seed  

 

DISCUSSION 
The development of somatic embryos in 

this study takes 6 weeks longer than in the 
Devendra et al., study (2012) that the 
development of somatic embryos only took 4 
weeks after the callus was transferred into the 
maturation medium. This is due to the existence 
of several factors. Different region plantation of 

explant has different growing environment 
explant, it affects the explant physiology and the 
growth. 

Somatic embryogenesis is the only clonal 
propagation system economically viable. However 
somatic embryos would require mechanical 
strength for planting (Reddy et al., 2012). Besides 
its structure, the development stage of a somatic 
embryo resembles to a zygotic embryo. The result 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

MS0 GA3 0,055 GA3 0,035 GA3 0,015 IBA 1 IBA 1,7 IBA 2,4

P
er

ce
n
ta

g
e 

o
f 

p
en

et
ra

ti
o

n
 (

%
)

composition of phytohormone  (mg L-1 ) 

3% sucrose 4.5% sucrose 6% sucrose

0.00

20.00

40.00

60.00

80.00

100.00

120.00

MS0 GA3 0,055 GA3 0,035 GA3 0,015 IBA 1 IBA 1,7 IBA 2,4

p
er

ce
n
ta

g
e 

o
f 

g
er

m
in

at
io

n
 (

%
)

composition of phytohormones  in medium (mg L-1 )

3% sucrose 4.5% sucrose 6% sucrose



Muslihatin et al.,                                                                          Synthetic seed of Moringa oleifera germination 

 

                                                     Bioscience Research, 2018 volume 15(3):1982-1991                                    1987 

 

shows that the globular shape has small round 
bulges (Figure 1), this is in accordance with the 
research of Yelnititis (2013) which explained that 
the globular shaped was characterized by a 
rounded shape. The globular shape develops into 
the heart shaped. The heart shaped has two 
indentations that will develop into cotyledons (Fig. 
1). The heart shape somatic embryo begins with 
the formation of one or two cotyledon candidates 
and elongated to form a torpedo phase with the 
same pattern. The formation of a cotyledon 
candidate begins with the indentation that formed 
two areas. The heart shape will develop into a 
torpedo shape. The torpedo shape is indicated by 
the elongation of embryo (Fig.1). The torpedo 
shape characterized by elongation of the embryo 
and elongation of cotyledons. The torpedo phase 
will develop into a cotyledon shape. The cotyledon 
shape undergoes elongated growth that will 
develop into buds. The cotyledon shape is 
characterized by elongated growth of somatic 
embryos. In this phase it can also be seen the 
polarity of somatic embryo is very clear and can 
be said that the formation of cotyledon is an 
important morphogenetic process in somatic 
embryogenesis  (Yelnititis, 2013). 

The maturation medium used was MS 
with 3 mg L-1 of BAP, in accordance with the 
Devendra study (2012), the right plant growth 
regulator for maturation. BAP is a cytokines that is 
often used in tissue culture techniques. Cytokines 
are derivatives of adenine. Cytokines are very 
important in the regulation of cell division and 
morphogenesis. The effects of cytokines in plant 
tissue culture are related to the process of cell 
division, root growth inhibition, and micro 
induction. In the development of somatic embryos, 
the work of cytokines and auxin were synergistic, 
cytokines regulate specific components in cell 
division. Auxin and cytokines play a role in 
regulating cell cycle by controlling CDK activity 
(cyclin dependent protein kinase), cytokines will 
be able to perform cell division stimulation if 
supplied by auxin in optimal amount. The CDK 
coding gene (Cdc2) is regulated by auxin but it is 
enzymatically inactive so that in abundance CDK 
has not been able to coordinate cell division, 
whereas cytokines activates Cdc25-like 
phosphatase which releases phosphate inhibitor 
Cdc2 kinase.  Cytokinin enhances the CYCD3 
expression that encodes the D-type protein cyclin. 
This protein has function in the reduction of cell 
cycle setting in G1. This protein expression is 
commonly found in leaf meristems and young leaf 
primordia (Werner et al., 2001). 

Somatic embryos were being employed in 
synthetic seed production (Ara et al., 2000). The 
resulting somatic embryo will be encapsulated 
using 3%. Na-Alginate. Alginate is one of the most 
appropriate hydrogels in the manufacture of 
synthetic seeds because it can be enriched with 
nutrients, growth regulators, has low toxicity, low 
cost, not too sticky, rapidly agglomerate and has 
biocompatibility properties (Reddy et al., 2012). 
Concentration of 3-4% is the most appropriate 
concentration of alginate for the germination of 
synthetic seeds. Alginate at too high concentration 
will cause the seeds produced become too hard, 
thus inhibiting the ability of the embryo to 
germinate. The very solid seed condition affects 
the life of the embryo in the seed because it does 
not support the growth and development of the 
next embryo. High hardness in the seeds causes 
the environment becomes anaerobic, that will 
further inhibit respiration, and delayed rate of 
respiration will inhibit the process of seed 
germination (Warnita and Suliansyah, 2008). 
Alginate and CaCl2 concentrations at too low can 
not afford the formation of capsules that protect 
seeds, levels leakage, it leads not optimal 
germination of seed. The function of the capsule 
itself is a source of nutrition to help the life force 
and seed growth (Arun Kumar et al., 2005). 

Exchange of Na2+ ions from Na-alginate with 
Ca2+ take places when Na solution containing 
embryo  was dropped into CaCl2 solution, forming 
Ca-alginate gel. The amount of Na2+ ions that 
exchanging with Ca2+ ion determines the level 
hardness of capsule. Capsules that are formed 
are expected solid enough to prevent leakage. 
Some references use 3% alginate concentration 
and 100 mM CaCl2 solution to form synthetic 
seeds that are round, dense, and able to protect 
the seeds (Arun Kumar et al., 2005; Roostika et 
al., 2012; Cheruvatur et al., 2013). 

Seeds can penetrate alginate, synthetic seeds 
have germination and growth. According to other 
research (Machii, 1992), synthetic seed 
germination was characterized by explants or 
encapsulated embryos emerging and penetration 
the seed shell or breaking the gel. Seed 
development includes the formation of the embryo 
body by cell division and differentiation.  This 
period covers the maturation of embryo, including 
the formation of organs and nutrient storage, as 
well as changes in the embryo size and weight, in 
addition to germination, the growth of synthetic 
seeds is characterized by changes in seed weight 
prior to planting on germination medium and final 
weight of seed on germination medium. 
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The fresh weight of synthetic seeds is 
obtained from the difference of initial weight of the 
synthetic seed and the final weight of the synthetic 
seed, the difference fresh weight  of the synthetic 
seed indicates the growth of synthetic seed (Fig. 
3).  

Observation of seed germination was also 
done in this research, it was aimed to know the 
seeds that have been able to germinate. Seed 
germination is a mechanism, in which 
morphological and physiological alterations as 
result of activation of the embryo. Before 
germination, seed absorbs water, so in this 
research it was used semi-solid medium to meet 
water absorption requirement of synthetic seeds,  
resulting the expansion and elongation of seed 
embryo. When the radicle has grown out of the 
covering seed layers, the process of seed 
germination is completed. The result of the 
present work supported with the study of 
Devendra (2012) that for the process of 
germination M. oleifera, it used 7.38 μM of IBA. 
Giving the optimum concentration will make the 
seed able to germinate. Germination is a process 
of growth and development of embryos. The result 
of this germination is the emergence of 
cotyledons, plumulas and radicles. This study 
obtained emergence of cotyledons phase, the 
shoots formation phase could not be obtained, 
this is due to the lack of length of incubation 
period in synthetic seeds to reach the phase on 
the appearance of plumule and radicule. Superior 
seeds have high viability, for synthetic seeds that 
do not have enough food reserves and conditions 
that do not support, the viability of seeds becomes 
low. The food reserves contained in the tissue are 
used as a source of energy for the embryo 
growth. 

During seed germination, sucrose is a 
common source of carbohydrates used in in vitro 
cultures and the main source of energy for seeds 
for germination. The sucrose transported into the 
cell may be disaccharides (sucrose) form as well 
as the constituent component of hexose. The 
concentration of sucrose given at the time of 
germination of synthetic seeds will also affect the 
seed germination process. The higher the sucrose 
concentration given the lower the germination of 
synthetic seeds. This is because high 
concentration of sucrose will affect the higher 
osmotic pressure on the medium that can induce 
cell osmolysis that stops cell metabolism and 
suppress culture growth (Cvikovra et al., 1994). 

Sucrose is used as an energy source to 
accelerate cell division, to increase volume and 

weight. Sucrose as an osmoregulator affects the 
potential of water in the cell thus affecting cell 
enlargement. Sucrose at low concentration will be 
easily absorbed by explant. The result of this 
study found that the addition of sucrose at low 
concentration and appropriate plant growth 
regulator is able to help explant growth. Sucrose 
at high concentration inhibits the growth of 
synthetic seeds. Sucrose has an important role in 
the plant as a source of carbon, energy source 
and osmotic pressure regulator that can regulate 
osmotic pressure that can affect the ability of the 
network in the water absorption of the media into 
the plant (Ni'mah et al., 2012). 

Gibberellin is a hormone that helps 
germination of somatic embryo because GA3 
helps protein synthesis that touch up the 
development of somatic embryo becomes a 
plantlet (Yuniyati, 2015). Gibberellins represent a 
family of tetracyclic diterpenoidphytohormones 
with stimulate growth and developmental 
transition in plants. These have a decisive role in 
physiological processes such as seed germination 
(Munteanu et al., 2014; Seo et al., 2009; 
Yamauchi et al., 2004). Sucrose is food reserve 
for explant, while gibberellin is a hormone that 
produces amylase enzyme. Gibberellin absorbed 
by cells will induce somatic embryos to produce 
enzyme amylase. The amylase enzyme will break 
down starch into glucose, glucose is used for 
aerobic respiration. The energy released from the 
aerobic respiration will be used to perform rapid 
growth in meristem cells in the radical and 
plumule parts. So that the cells inside explant able 
to grow and develop in the presence of 
exogenous phytohormones. 

Gibberellin and cytokinins are known to 
promote the germination of many species.  The 
MS medium added in synthetic seed works like an 
endosperm on generative seeds. The seed 
endosperm is nutrient for  embryo, through the 
activities of some hydrolase enzyme. Gibberellins 
stimulate the synthesis and production of the 
hydrolases, especially  α-amylase, resulting in the 
germination of seeds. Gibberellins are able to 
induce a range of genes, which are necessary for 
the production of amy-lases including α-amylase, 
proteases and β-glucanases (Appleford and 
Lenton, 1997; Yamaguchi, 2008).  

IBA as cytokinins are plant hormones 
(phytohormone), regulating a range of plant 
activities including seed germinationby affecting 
the cellular division, which subsequently causes 
the vesicular to differentiate. They are active in all 
stages of germination and  affect the activities of 
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meristemic cells in roots and shoots,. (Chiwocha 
et al., 2005; Miransari and Smith, 2014; Nikolic et 
al., 2006; Riefler et al., 2006).  

The result of this present work is in line with 
the result of previous work carried out by 
Muslihatin et al., (2018). 

CONCLUSION 
The composition of medium using 0.035 

mg L-1 of GA3  and 1,7 mg L-1 of IBA with 3% 
sucrose provides high percentage of penetration 
and germination of Moringa oleifera synthetic 
seeds. The synthetic seeds have a clear color and 
visible yellowish-white embryo, diameter 7.0-10.0 
mm, has a fresh weight ranging from 10.00-52.33 
mg  
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