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ABSTRACT
Olea europaea or the olive plant is from the family of Oleaceae and has been cultivated for its fruits that are highly
nutritious, capable of reducing risks of cardiovascular diseases and to prevent cancer. The current propagation technique of
olive plants in Malaysia relies on conventional methods that are less efficient in producing good quality plant stocks. Plant
tissue culture offers an alternative to multiply plants from novel mother plants and is commonly applied in the propagation
of various crops. This study aims to establish sterile cultures and to induce multiple shoots from Olea europaea cv.1 as a
preliminary study to micropropagate olive plants for commercial farms in Malaysia. Nodal explants were surfaced sterilised
with ethanol and Clorox © at different durations followed by treatments in MS media supplemented with different
concentrations of Zeatin and BAP. Nodal explants surface sterilised with 70% (v/v) ethanol for 2 min and 30% (v/v)
Clorox© for 8 min produced sterile explants with the survival rate of 85%. MS media supplemented 5.0 mg/L BAP was
optimal for shoot induction (2.10 ± 0.31 shoots per explant) and shoot elongation (6.50 ± 1.17 mm). The current study
serves as preliminary assessment for the establishment of local olive cultures.
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INTRODUCTION
The olive tree (Olea europaea), belonging to the
Oleaceae family, is one of the earliest fruiting plants
that co-existed with mankind since the Bronze Age.
It is estimated that there are at least 800 million olive
trees globally with the majority (95%) of the world’s
olive orchards located in the Mediterranean basin
(Fabbri et al., 2004). Due to the high annual
production of olive (approximately 10 million tonnes),
the olive crop has been identified as a great source
of income for many producing countries (Lambardi
& Rugini, 2003; Fabbri et al., 2004). The olive tree is
an evergreen, woody plant which can grow up to 15
meters in height. The leaves are ovate-oblong in
shape and the leaves grow in the opposite direction
(Besnard et al., 2002). The olive flowers are usually
small, creamy white and grow on the axil of each leaf
(Wiesman, 2009). The olive tree is also an ancient
plant that is documented in various classical texts,
indicating its significance to several religions and
cultures. The olive is mentioned together with the fig
* To whom correspondence should be addressed.

in Surah 95 of the Quran indicating its significance
to the Muslim community and was acknowledged by
Prophet Muhammad for its health benefits (Attum et
al., 2019).
The olive fruit is a drupe, containing an exocarp,
a fleshy mesocarp and an endocarp that is unpleasant
if consumed unprocessed without the removal of its
bitterness associated with the presence of oleuropein
(Uylaş er & Yildiz, 2014). Olive oil, extracted from
the fruit, is best-known for its health benefits
particularly in lowering risks of cardiovascular
diseases, prevention of cancer and is essentially
high in antioxidants, antimicrobial properties and
also a skin protector against UV damage (Visioli
et al., 2002; Tripoli et al., 2005; Visioli et al., 2006;
Haris, 2010; Schwingshackl & Hoffmann, 2014).
Furthermore, oleocanthal, a minor phenolic constituent found in olive oil, was proven to possess
anti-inflammatory properties that inhibits the
cyclooxygenase enzymes COX-1 and COX-2 in
preventing irritation of the sensory neurons within
the upper airways (Beauchamp et al., 2005; Peyrot
des Gachons et al., 2011).
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The global rising demands of healthy olive plant
stocks for cultivation had led to the mass propagation
via plant tissue culture. The selection of explants
with desirable oil qualities and optimal growth in
different geographical localities are important factors
to be considered as olive plants are susceptible to a
range of pests, diseases, and insects. Most reported
studies utilize shoot tip and nodal segments as
explants for culture using different types of growth
media and plant growth regulators to induce multiple
shoots from olive explants (Bhatia, 2015). Growth
media such as the Olive Media (OM) was specially
developed for olive and the supplementation of plant
growth regulators such as zeatin, BAP, and TDZ was
previously utilised to stimulate shoot development
and multiplication (Rugini, 1981; Rugini, 1984; GarcíaFérriz et al., 2002; Binet et al., 2007; Ali et al., 2009).
The olive plant is not native to Malaysia and
therefore studies on the cultivation of olive in the
local farms are not yet documented. Moreover, olive
cultivation in Malaysia is at its infancy and has not
reached the commercial level for mass cultivation
regardless the high demand for plant stocks for farm
establishments. The current conventional methods
for olive plants via cuttings and grafting are very
much ineffective due to the low survival rate and the
inability to produce viable roots, indirectly reducing
the availability of plant stocks for commercialization.
Plant tissue culture, on the other hand, has been
proven as an efficient tool in plant propagation of
various commercial crops, resembling the qualities of
the mother plants. This technology functions as an
alternative in the mass propagation of olive plant
stocks that can be further grown in the local farms
where plant stocks and harvesting period can be
standardised for commercial cultivation and
production of olive based products. The current
study aims to establish sterile explants of olive and
to induce multiple shoots using cytokinin such as
BAP and zeatin for the micropropagation of olive in
Malaysia. This study, in future, will facilitate mass
propagation attempts particularly to produce highquality olive plant stocks for commercial farms. This
opportunity would be beneficial to the Malaysian
economy in the production olive as a high value
Superfruit that could stimulate other local industries
and could also function as a model in the ASEAN
community.
MATERIALS AND METHODS
Preparation of explants
Young and healthy shoot explants were
harvested from the olive plants grown at the
Herbarium Unit of School of Biological Sciences,
Universiti Sains Malaysia. The plants were previously
obtained from the Malaysian Superfruit Valley, Perlis

and were maintained under direct sunlight fertilised
with general NPK fertilisers. The olive plants
grown in the Malaysian Superfruit Valley are not
matured to produce flowers and fruits for cultivar
identification, hence is named as cv.1 and is yet to
be identified.
Explants surface sterilization
The nodal explants (approximately 2 - 7 cm long)
were soaked and brushed gently in 10% (v/v)
Sunlight® dishwashing solution with a few drops of
Tween-20. The explants were then rinsed thoroughly
under running tap water for approximately an hr
before agitation in 70% (v/v) ethanol for 2 min. The
explants were then treated in 30% (v/v) Clorox©
concentration at different durations (7, 8, 9 and 10
min). The explants were then rinsed with sterile
distilled water and dried on sterile filter paper.
Approximately 1.5 cm of nodal segments were
excised and were transferred into a test tube
containing MS (Murashige & Skoog, 1962) basal salts
and vitamins with 2% (w/v) sucrose solidified with
0.8% (w/v) plant agar (Duchefa, The Netherlands).
All the explants were incubated at 16/8 hr photoperiod under white fluorescent light (Philip TLD,
36 W, 150 μmol m-2 s-1) at 25 ± 2°C. The experiment
consisted of 20 replicates, each containing two nodal
segments per culture vessel. The percentage of
explant contamination, necrosis and survival were
assessed using the formulas below after 7 days of
incubation.

Shoot induction in MS media with BAP and Zeatin
The 7 days old sterile nodal explants were
inoculated in MS media supplemented with different
concentrations of BAP and Zeatin (0, 2.5, 5.0, 7.5 and
10.0 mg/L). Media was prepared with MS basal salts
and vitamins added with 2% (w/v) sucrose and
solidified with 0.8% (w/v) plant agar (Duchefa, The
Netherlands). Experiments consisted of seven
replicates, each containing two explants inoculated
per culture vessel. The percentage of shoot
induction, average number of shoots induced per
explant and the average length of induced shoots
were evaluated after 21 days of culture.
Data analysis
All data were analysed using IBM SPSS
Statistical 24 Software. Data were subjected to Oneway Analysis of Variance (ANOVA) followed by
Duncan’s Multiple Range Test with a significance
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level of p<0.05. The highest average shoot length
and shoot number of each plant growth regulator
treatment were compared to the control treatment
through independent sample T-test with the
confidence level of 95%.
RESULTS AND DISCUSSION
Explant surface sterilization
Surface sterilization of explant is a crucial step
in plant tissue culture particularly to obtain sterile
cultures. With reference to the results from the
current study, the treatment of 30% Clorox© for 8 min
was found to be optimal for the survival of explants
in comparison to the other five different exposure
times (Table 1). This treatment had resulted in 85%
survival rate of explants, similar to the 10 min
treatment. Even though the duration of 9 min in the
treatment of Clorox© solution resulted in the highest
survival rate (87.5%), 8 min treatment was still found
to be optimal as the occurrence of browning of
explants was observed to be lower. No necrosis was
observed for all surface sterilization treatments.
Based on the report by Smith (2013), the seven
days incubation period was reported to be adequate
to assess potential contamination on sterilised
explants as most contamination can be visible in
culture within this period. Commercial bleach such
as Clorox© contains sodium hypochlorite, which is
then converted into chlorine when dissolved in
water. Chlorine functions to oxidise certain key
enzymes and causes interference in the microbial
metabolism and eliminates the growth of most fungus
and bacteria (Siqueira et al., 1997). However, the
exposure time and concentration of Clorox ©
treatments are dependent on the explant type and age.
As for olive cultures, the cultivar type is also a factor
to be considered, as high concentrations of Clorox©
or chlorine-based disinfectants can cause oxidation
and burning to the explants (Afridi et al., 2015).
Hence, the selection of disinfectants, their
concentrations and the durations applied, are
essential factors to be considered to optimize the
elimination of contaminants while maintaining
explant survival. In a previous study by Roussos
and Pontikis (2002), the application of 10% (v/v) of
Table 1. Effect of 30% Clorox concentration with different
exposure time to obtain sterile nodal explants
Clorox
Concentration
(% v/v)

Exposure
time
(min)

Contamination
rate (%)
(A)

Survival
rate (%)
(100-A)

30
30
30
30

7
8
9
10

32.5
15
12.5
15

67.5
85
87.5
85
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NaOCl with three drops of Tween-20 for 10 min was
found to be effective in the sterilisation of uninodal
explants of the ‘Koroneiki’ olive tree. Anissa et al.
(2011) on the other hand also reported that the
treatment of commercial bleach containing 12%
(v/v) NaOCl for 8 min on uninodal segment explants
was found to be efficient for the cultivar of
‘Oueslati’. Based on the report by Afridi et al. (2015),
treatment of 50% (v/v) Clorox© for 5 min on uninodal
explants of the olive cultivar ‘Uslu’ resulted in the
highest survival rate of 40% with lower occurrences
of bacterial contamination. They also noted that
longer treatment durations of more than 5 min with
Clorox© resulted in reduced survivability of explants
due to burning (Afridi et al., 2015). Due to the
difficulties in obtaining sterile cultures for olive
explants, other reports incorporated the use of
mercuric chloride (HgCl2) in the surface sterilization
step to further improve the rate of sterility in culture
for different olive cultivars (Grigoriadou et al., 2002;
Zacchini & Agazio, 2004). Mercuric chloride is known
to be an extremely toxic form of mercury and can
cause severe poisoning to humans. In the current
study, explant sterility was achieved via the use of
the ethanol, sodium hypochlorite and Tween-20,
without the use of HgCl2 which is deemed safer.
These studies indicated the challenges in obtaining
sterile cultures for olive and that different cultivars
of olive require different treatments of surface
sterilization protocols, as factors such as plant
morphology and exposure to the environmental
contaminants during explant harvesting can result in
the survivability and sterility of explant in culture.
The effects of BAP and Zeatin on multiple shoot
induction
With reference to the results from the current
study, the treatment of 5.0 mg/L of BAP in MS
media was found to be the optimal treatment for
the induction of shoots for the olive explants in
comparison to the other treatments of BAP and
zeatin. MS media fortified with 5.0 mg/L of BAP
produced the highest shoot induction rate (100%),
the highest average number of shoots per explant
(2.10 ± 0.31) and the highest average length of
shoot (6.50 ± 1.17 mm) among the other BAP
concentrations (Table 2). However, it is noteworthy
that MS media supplemented with 2.5 mg/L of zeatin
also produced maximum shoot induction rate (100%)
(Table 2). The morphology of shoots induced from
the nodal explants from both BAP and zeatin
treatments were observed to be different is shown
in Figure 1 and Figure 2, respectively. Zeatin
treatments were observed to induce shoots that
were incomplete without visible leaf and shoot
tip formation. It was also evident that there was a
significant difference in terms of the average shoot
length between treatments of 5.0 mg/L of BAP (6.50
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Table 2. The percentage of shoot induction, shoot number and shoot length of the nodal explants of olive in single treatments
of BAP and zeatin after 21 days of culture
Concentration
of BAP
(mg/L)

Concentration
of Zeatin
(mg/L)

Percentage of
shoots induction
(%)

Average shoot
number (N)
(x ± s.e.)

Average shoot
length (cm)
(x ± s.e.)

2.5
5.0
7.5
10.0

92
91
100
90
90
100
94
93
90

1.52 ± 0.14 ab
1.82 ± 0.30 ab
2.10 ± 0.31 b
1.20 ± 0.33 a
1.50 ± 0.43 ab
1.67 ± 0.19 ab
1.88 ± 0.19 ab
1.64 ± 0.17 ab
1.60 ± 0.22 ab

4.02 ± 0.46 ab
5.80 ± 1.32 bc
6.50 ± 1.17 c*
3.78 ± 1.19 ab
3.85 ± 1.55 ab
3.13 ± 0.30 a*
2.50 ± 0.19 a
2.73 ± 0.18 a
2.50 ± 0.31 a

0.0
2.5
5.0
7.5
10.0

Treatments with the same letter of the alphabet are not significantly different (p<0.05). Treatments with * are significantly different from the
control analysed through T-test. The measurement for the average shoot number and shoot length is based on 14 explants per treatment.

Fig. 1. Shoot induction from nodal explants of olive treated in (A) MS media (control) and (B) MS media supplemented
with 5.0 mg/L BAP after 21 days of culture.

± 1.17 mm) and 2.5 mg/L of zeatin (3.13 ± 0.30 mm),
further indicating that BAP was more favourable in
terms of shoot elongation than zeatin. However, a
longer period of incubation may be required to
further strengthen our findings.
Similar to our studies, García-Férriz et al. (2002)
observed that the olive cultures from the cultivar of
‘Arbequina’ produced the highest shoot number in
MS media supplemented with 5.0 mg/L BAP as
compared to the other BAP concentrations.
Grigoriadou et al. (2002) on the other hand, also
reported that the increase in the treatments of BAP
concentrations (0 mg/L to 2.70 mg/L) in Woody Plant
Media resulted in increased shoot length (0 to 3.7
cm) and proliferation rate (0 to 1.4) for Greek olive of
the cultivar ‘Chondrolia Chalkidikis’. Besides,
Mangal et al. (2014) also reported that half-strength
MS media supplemented with 2.0 mg/L BAP induced

the highest rate of bud proliferation (56.25%), while
Airò et al. (2015) also highlighted that higher number
of shoots was obtained in half-strength MS medium
supplemented with 2 mg/L BAP. A study conducted
by Seyhan and Özzambak (1994) showed that nodal
explants treated with modified Rugini olive media
supplemented with 2.0 mg/L of BAP induced the
highest number of shoots for the olive cultivars of
Memecik (15 shoots) and Domat (17 shoots). In this
experiment, the growth of green callus was observed
at the base of the nodal explants for the concentration
of BAP ranged between 2.5 to 10.0 mg/L (Figure 1A),
further indicating the possibility of shoot initiation
from the callus. This observation is similar to the
reports of Lambardi and Rugini (2003) and Fabbri et
al. (2004) where the induction of thin shoots and
abundant callus growth was induced in treatments
of BAP. The formation of green callus at the base of
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Fig. 2. Shoot induction from nodal explants of olive treated in (A) MS media (control) and (B) MS media supplemented
with 2.5 mg/L zeatin after 21 days of culture.

the nodal explants induced in the BAP treatments
were mostly due to two possible molecular
mechanisms of callus inductions. They are the
cytokinin-induced callus formation and the woundinduced callus formation (Ikeuchi et al., 2013). The
mechanism for cytokinin-induced callus formation
involves the upregulation of the AP2/ERF
transcription factor ESR1 (ENHANCED SHOOT
REGENERATION) and its possible homolog,
ESR2 (Ikeuchi et al., 2013) that are linked to the
cell cycle. In a study on Arabidopsis, wounded sites
stimulate the expression of WOUND INDUCED
DEDIFFERENTIATION (WIND 1 to 4) where the
expression of the WIND genes initiates callus
formation whereas its overexpression could induce
the formation of somatic embryos (Iwase et al., 2011;
Ikeuchi et al., 2013).
Previous studies however did report on the
efficiency of zeatin in the induction of shoots from
olive explants. Based on the work of Fabbri et al.
(2004), it was evident that the addition of 1 to 4
mg/L of zeatin was suitable for shoot proliferation
for most olive cultivars such as the cultivars of
‘Carolea’, ‘Frantoio’, ‘FS-17’, ‘Meski’, ‘Moraiolo’,
and ‘Nocellara Etnea’. Similarly, Lambardi et al.
(2013) also suggested that the addition of 1 to 4
mg/L zeatin in culture media was suitable for shoot
proliferation of most commercial olive cultivars.
Chaari Rkhis et al. (2011) reported that ‘Oueslati’
olive cultures treated in MS media supplemented with
4.0 mg/L zeatin produced higher number of nodes
with the multiplication rate of 4.1 ± 1.6, whereas Chaari

et al. (2002) noted that the treatment of 1 mg/L zeatin
resulted in the highest length of shoot elongation
(17.08 cm) with the multiplication rates of 11 for the
olive cultivar of Meski. Similar to our study, the
supplementation of 2.5 mg/L of zeatin in MS media
(within the range of 1 to 4 mg/L as previously
reported) resulted in higher shoot number (1.83 ±
0.11) and shoot length (3.13 ± 0.30 mm) in comparison
to the treatments above 5 mg/L. Previous reports
have also utilised low concentrations of zeatin in
different growth media for the induction of multiple
shoots in olive. Both olive cultivars of Moraiolo and
Dolce Agogia cultured in modified OM media
supplemented with 2.0 mg/L of zeatin resulted in
optimal viability and growth (Micheli et al., 2010).
Furthermore, Farooq et al. (2017) also reported that
nodal explants of olive cv. Frontio, Earlik, and Gemlik
produced the highest multiplication rate in OM media
supplemented with 13.6 μM (2.98 mg/L) of zeatin
producing mean shoot number of 2 and the highest
shoot length of 34.0 mm. However, based on the
reports from the current study, it was evident that
the treatments of BAP induced longer shoot length
for the initiated shoots in culture in comparison to
the zeatin supplementation.
Even though BAP and zeatin are categorized as
cytokinins, the requirement of both plant growth
regulators in plants differ according to the type of
plant, culture and maturity of the tissues in which
the explants were obtained (George et al., 2007).
Based on George et al. (2007), the mode of action of
BAP was found to be slightly different from zeatin.
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BAP, also known as BA, generally promotes axillary
bud proliferation while zeatin on the other hand
stimulates growth of the main shoots resulting in
slight increase of lateral buds sprouting (George et
al., 2007). This is in parallel to our findings where
BAP treatments were found to induced higher
number of shoots in comparison to the same
concentration treatments of zeatin.
Cytokinin levels in plants are not only regulated
for the maintenance of cell division cycle but also to
promote the transition of cell division cycle from
undifferentiated stem cells to further differentiate
(Mazid et al., 2011). Cytokinin was found to induce
shoot meristem formation from unorganized
growing cells, further indicating that cytokinin
functions beyond the maintenance cell cycle (Skoog
& Miller, 1957). Generally, plant responses to
cytokinin involve two-component systems, histidine
kinase membrane bound receptors and multiple
phosphorelay signaling components. Werner et al.
(2001) and Werner et al. (2003) demonstrated the
changes in cell division of Arabidopsis thaliana via
histological diagrams. In their study, cytokinin was
found to stimulate cell division at the shoot apical
meristem and that the transgenic Arabidopsis
thaliana, with lower content of cytokinin, showed
fewer cells occupying the space between the central
zone and the peripheral zone of lateral organ
formation in comparison to the wild type. Werner et
al. (2003) also reported that a reduction in the
cytokinin levels resulted in reduced diameter and
height of meristem coupled with lower number of
meristem cells in the shoot apical.
Cytokinin are perceived by histidine kinases
generating signals and is transferred as a form of
phosphoryl group to the response regulators in the
nucleus via histidine-containing phosphotransmitter
in the cytoplasm (Hwang & Sheen, 2001). Auer et al.
(1999) reported that development response of an
explant may be affected by the hormone uptake,
metabolism, and transport within the explants.
Supplementation of BAP in cultures was found to
also induce high expression of cell-division-related
genes such as the cycline D2 (CYCD), histone H4
(His4), proliferating cell nuclear antigen (PCNA)
and cyclin-dependent kinase B (CDKB) (Ma et al.,
2016). The His4 and PCNA genes are involved in
RNA and DNA replication at G1 and S phase, while
CDKB are involved in the G2-M phase of cell cycle.
These cell-division-related genes linked to the
cytokinin signaling pathway are potentially
responsible for the development of shoot apical
meristem and axillary meristem, as previously
reported for Pisum sativum (Stafstrom & Sussex,
1992) and sorghum (Kebrom et al., 2010a, 2010b).
BAP treatments were also found to increase the
transcript level of CK synthesis gene isopentenyl
transferase (IPT) resulting in increased endogenous

cytokinin content, isopentenyladenosine (iPA) that
elevates the levels of transcript for cytokinin
signalling pathway receptors, histidine kinase and
response regulators (Ma et al., 2016; Panda et al.,
2018). Therefore, it is possible that even though
both plant growth regulators are relatable and are
under the same category, the concentration of these
cytokinins remaining in the plant may affect the way
it induces the plant development causing the same
concentration of cytokinin to produce different
outcomes.
CONCLUSION
In this study, the optimal surface sterilisation
protocol for the nodal explants is in the treatment
of 2 min agitation in 70% (v/v) ethanol and 8 min
agitation of 30% (v/v) Clorox©. The supplementation
of 5.0 mg/L of BAP in MS medium was found to be
optimal for the induction of axillary shoots and shoot
elongation for nodal explant of Olea europaea cv.1.
Future work includes in depth optimization of
multiple shoot induction and acclimatization for the
propagation of olive plants. The current study also
highlights the potential of tissue culture technology
in the mass propagation of olives for the production
of high-quality plant stocks suitable for olive farming
in Malaysia.
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