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Abstract

Oil palm tissue culture is subjected to indirect embryogenesis which involves five stages including mother palm selection and
preparation, establishing an aseptic culture, multiplication of suitable propagules, formation of shoots and roots, and transfer to
natural environment. This study aimed to investigate the effects of NAA concentrations on further improvement of oil palm (Elaeis
guineensis) embryoid cultures of three selected Malaysian Palm Qil Board (MPOB) clones (PL 213, PL 209 and PL 220) and
phytosterols production. Different concentrations (0, 0.5, 1.0, 2.0 mg L™) of NAA were added to the MS basal medium and the
cultures were incubated at 27 + 2°C and 12 hours light/day photoperiod. Measurements on fresh weight of embryoids and number of
shoots were recorded every two weeks throughout 16 weeks of experiment. The results indicated that PL 213 gave the highest mean
of fresh weight (55.3+3.4 g) and number of shoots (123+4) in MS medium without NAA (control) followed by clones PL 209 and PL
220. There is a significant difference of clone and NAA concentration on the fresh weight of embryoid cultures but there is no
significant effect of NAA concentration on the number of shoots. However, high concentration of NAA up to 2.0 mg L™ had
stimulated tissue necrosis and excretion of phenolic compounds into the culture medium. In the phytochemical study, clone PL 213
also produced the highest phytosterols in type and percentage. The useful sterol compounds that present in the extracts of PL 213
embryoid were y-sitosterols, B-sitosterols, stigmasterol, campesterol, stigmasterol, 22,23-dihydro- and stigmasta-7, 22-dien-3-ol,
(3.beta.,5.alpha.,22Z)-. It has been observed that higher concentration (1.0-2.0 mg L) of NAA gave poorer effects on the growth and
the phytosterols production in all oil palm clones compared to control and 0.5 mg L™ NAA used in this study.
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Introduction

Oil palm (Elaeis guineensis) is a crop species producing high highly productive oil palms (Mutert and Fairhurst, 1999).
quality oil, which can be found from the fruit mesocarp (palm Khaw and Ng (1997) reported that the performance clonal
oil) and the kernel of the nut (palm kernel oil). It takes plantlets derived from selected ortets were significantly
second place only after soy bean in the world’s supply superior to the commercial DxP seedlings and the clones
(Kantamaht et al., 2010). Propagation in vitro has great yielded at least 20% more than seedling standards (Kushairi
advantages in the case of the oil palm which is vegetative et al., 2006). According to De-Touchet et al. (1991),
propagation is possible only via tissue culture. The plant micropropagation of oil palm is the promising approach with
cannot be multiplied vegetatively since it is a improved agricultural traits where clonal multiplication of
monocotyledonous species with a single growing apex elite plants can be produced. MPOB has developed the basic
(Rajesh et al., 2003). Oil palm (Elaeis guineensis Jacq.) protocol for liquid culture (Tarmizi, 2002) which includes
planting materials had, until recently, been produced by selection of a suitable callus (friable type), media
sexual means through dura x pisifera (DxP), resulting in the formulation, aggregate sieving, maturation induction,
tenera offspring (Zamzuri, 2011). The switch from planting embryoid regeneration and production of rooted plantlets in a
dura to tenera (or DxP) about half a century ago resulted in a dual phase system (solid and liquid media). The development
quantum leap of 30% in oil yield through manipulation of a of somatic embryo into normal plantlet commonly occurs
single gene. Therefore, cloning of the oil palm seems to be through four stages i.e. callus induction, callus proliferation,
the best approach to capture the maximum potential of a embryo maturation and germination (Otih and Sitti, 2008).
selected genotype in order to produce a large number of high The somatic origin of the embryoids was obtained from
quality oil palm ortets. Cloning is a process in which meristematic cells which were highly differentiated with
identical or true-to-type ‘photocopies’ of a selected palm numerous storage lipids (Kanchanapoom and Tinnongjig,
(ortet) are reproduced by developing plantlets from the leaf 2001). Most of somatic embryos were yellow-greenish in
tissue of tenera oil palms with desirable characteristics. color with smooth surface and more compact (Sumaryono et
Clonal oil palm offers the potential for greater productivity al., 2008). Embryo germination was indicated by the
because it is possible to establish uniform tree stands presence of shoot and root buds (Otih and Sitti, 2008) while
comprising identical copies (clones) of a limited number of Goh et al. (1999) stated that embryo germinated when the
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plumullae started to emerge. Cleavage polyembryony is the
pattern of embryogenesis where embryos arising from such
groups of cells originated from a single embryogenically-
determined cell (Haccius, 1978). Appropriate composition
and concentration of growth regulators are able to improve
somatic embryo development (Gaspar et al., 1996; Tahardi et
al., 2003). Commonly used synthetic auxins in tissue culture
are 2,4-dichlorophenoxyacetic acid (2,4-D; often used for
callus induction and suspension cultures), and 1-
naphthaleneacetic acid (NAA; when organogenesis is
required) (Thomas et al., 1996). Various types of auxins —
I1AA, 2,4-D, NAA and 2,4,5-T were used to develop a tissue
culture protocol particularly for oil palm (Wooi, 1995). The
general protocol uses NAA as exogenous auxin in the early
culturing stages (Rohani et al., 2003). The switch from 2,4-D
to NAA was encouraged as cultures on 2,4-D were
particularly prone to genetic variation (Machakova et al.,
2008; Sogeke, 1998; Sogeke et al., 1999). This strongly
indicates that NAA seems to be appropriate for growth
improvement in oil palm tissue culture. Phytochemicals are
the natural bioactive compounds found in plants and these
phytochemicals are basically divided into two groups, i.e.
primary and secondary metabolites; according to their
functions in plant metabolism (Dipak et al., 2010). Secondary
metabolites are chemicals produced by means of secondary
reactions resulting from primary carbohydrates, amino acids
and lipids (Ting, 1982). Plant secondary metabolites have
chemical and pharmaceutical properties interesting for human
health (Raskin et al., 2002; Reddy et al., 2003). In vitro plant
tissue cultures have long been viewed as a source of
commercially important steroids, alkaloids and terpenes for
pharmaceutical industry (Bohm, 1980; Staba, 1980; Barz and
Eills, 1981; Deus and Zenk, 1982). The evolving commercial
importance of the secondary metabolites has in recent years a
great interest, in secondary metabolism, and particularly in
the possibility to alter the production of bioactive plant
metabolites by means of cell culture technology. The
principle advantage of this technology is that it may provide
continuous, reliable source of plant pharmaceuticals and
could be used for the large-scale culture of plant cells from
which these metabolites can be extracted (El-Dawayati et al.,
2012). Steroidal compounds are of importance and interest in
pharmacy due their relationship with such compounds as sex
hormones (Okwu, 2001). According to Delazar et al. (2010),
phytosterols are known to possess properties such as being
anti-fungal, insect-deterrent, mould-inhibiting  and
antimicrobial (Gus-Mayer et al., 1994; Morrisey and
Osbourn, 1999). Piironen et al. (2000) reported that sterols
also act as substrates for certain secondary metabolites such
as glycoalkaloids, cardenolides and saponins. Oil palm is a
folk remedy for cancer, headaches, and rheumatism, and is
considered an aphrodisiac, a diuretic, and a liniment (Irvin,
1985). Sreenivasan et al. (2010) revealed the presence of
tannins, alkaloids, steroids, saponins, terpenoids, and
flavonoids in the methanolic oil palm leaf extract whereas the
extract has strong wound healing capacity. Thus, this study
aimed to investigate the effects of different concentrations of
NAA on oil palm (Elaeis guineensis) embryoid cultures and
phytosterols production.

Results and Discussion

Effect of different concentration of NAA on fresh weight
and number of shoots

This study indicates that fresh weight and number of shoots
for clones PL 213, PL 209 and PL 220 were increased when
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the cultures were maintained for a longer period of time as
illustrated in Figure 1 and 2. From the observation, the fresh
weight of embryoid cultures was increased vigorously from
week 4 to week 16 (Figure 1) while the shoot formation
started to appear at the second week of culture and developed
continuously from week 4 to week 12 (Figure 2). However,
the development of shoots had slow down after 12 weeks.
The highest mean of fresh weight (55.3+3.4 g) and number of
shoots (123+4) was achieved by clone PL 213 in MS media
without NAA (control). The lowest mean of fresh weight
(34.0+£3.1 g) was achieved by clone PL 220 supplemented
with 0.5 mg L™* NAA while the lowest mean of number of
shoots (36+4) was achieved by clone PL 220 supplemented
with 2.0 mg L™X NAA. There was an interaction of clone and
NAA concentration on the fresh weight of embryoid cultures
and the number of shoots after 16 weeks of culture. Besides,
there was a significant difference on the fresh weight among
three different clones; PL 213, PL 209 and PL 220. Also,
there was an effect of NAA concentration on the fresh
weight. There was also a difference on the number of shoots
among three different clones; PL 213, PL 209 and PL 220
while there was no significant effect of NAA concentration
on the number of shoots. Generally, these results showed that
embryoids maturation and germination of three oil palm
clones responded differently to various NAA concentrations
used in this study. PL 213 gave the highest fresh weight and
number of shoots without supplemented with NAA (Figure
3). However, the effect of NAA was not similar with the
other two clones; PL 209 and PL 220. It showed that growth
and development of the cultures might vary from clone to
clone whereas Haliza Dahlia et al. (2011) also found that
different clones of oil palm cell suspension have different
rate of growth. Organogenesis and somatic embryogenesis
are depending on genotype and hormonal application (El-
Bellaj, 2000). This study found that high concentration of
NAA (2.0 mg L™ NAA) was not suitable for oil palm
embryoids growth and development. Tisserat (1984) used
medium supplemented with NAA and BA for shoot
formation while Rodriguez and Wetzstein (1998) revealed
that the development of somatic embryogenesis of Carya
illinoinensis (Wagenh) C. Koch was induced by different
auxins through morphological and anatomic analysis, in
which auxins NAA and 2,4-D induce accentuated cell
division in the subepidermal layer of the cotyledons of
immature embryos. Kuberski et al. (1984) reported that the
auxins 2,4-dichlorophenoxyacetic acid (2,4-D) and NAA
triggered somatic embryogenesis and improved the later
development of embryos in D. lanata.

Embryoids development, necrosis and phenolic compounds

Embryoids maturation and germination in all of media
treatments was observed in oil palm clones PL 213, PL 209
and PL 220 with high frequency (70-100%). All clones gave
100% of embryoids maturation, while PL 213 gave the
highest frequency of embryoids germination (100%)
followed by PL 209 (90-100%) and PL 220 (70-90%).
Sumaryono et al. (2008) reported that oil palm somatic
embryos at early developmental stage (globular and heart-
shape) were observed to become a numbers of somatic
embryos (polyembryoids) at advanced developmental stages
(torpedo and cotyledonary) after 6 weeks of culture.

After four weeks, the color of embryoids of all three clones
has started to turn into brown. However, the number of
shoots has also increased as PL 213 culture showed the most
vigorous growth compared to PL 209 and PL 220. Previous
finding showed that embryoids maturation was indicated by



Table 1. Phytosterols detected in fractions of MeOH extracts of oil palm embryoids after 16 weeks of culture.

Clone Treatment Compound Retention Area, Molecular Molecular
time (min) % mass formula
PL 213 MS0 Stigmasterol, 22,23-dihydro- 27.27 4.66 414 Cy9H5,0
y-sitosterol 27.27 4.66 414 CooH500
MS1 Campesterol 26.34 1.14 400 CysHas0
Stigmasterol 26.66 1.53 412 CaoH450
Stigmasta-7, 22-dien-3-o0l, 26.66 1.53 412 CxoH4s0
(3.beta.,5.alpha.,222)-
Stigmasterol, 22,23-dihydro- 27.31 3.32 414 CxoH500
y-sitosterol 27.31 3.32 414 CxoH500
B-sitosterol 27.31 3.32 414 CooH500
MS2 Campesterol 26.33 1.32 400 CogHigO
Stigmasterol, 22,23-dihydro- 27.29 10.76 414 CyoH50,0
y-sitosterol 27.29 10.76 414 CyoH50,0
B-sitosterol 27.29 10.76 414 Cy9H5,0
MS3 Stigmasterol 26.58 0.39 412 CyoH450
PL 209 MS0 Stigmasterol 27.23 6.28 412 CaoH450
B-sitosterol 27.23 6.28 414 CyoH500
MS1 Stigmasterol, 22,23-dihydro- 27.26 2.78 414 CyoH5,0
MS2 NP
MS3 NP
PL 220 MS0 y-sitosterol 27.22 5.03 414 Cy9H5,0
Stigmasterol 27.22 5.03 412 CyoH450
B-sitosterol 27.22 5.03 414 CaoH500
MS1 NP
MS2 y-sitosterol 27.21 4.33 414 Cy9H5,0
B-sitosterol 27.21 4.33 414 Cy9H5,0
MS3 NP

Note: NP = not present; MS0: MS media without NAA (control); MS1: MS media supplemented with 0.5 mg L™ NAA; MS2: MS media supplemented with 1.0 mg L™

NAA; MS3: MS media supplemented with 2.0 mg L™ NAA.

the change of embryo color and formation of the brown
spots. The brown spots suggest the presence of an active
substance i.e. amylum, protein and lipid, secreted by somatic
embryo from the osmotic cell pressure. The increase of
secretion of active substances suggests its correlation with the
desiccation process when somatic embryo enters the
germination phase (Otih and Sitti, 2008). The culture
medium of MS+2.0 mg L™ NAA turned into brown color as
the age culture was increased. Phenolization is a relatively
frequent phenomenon that occurs during the in vitro
establishment of some plant species whereas it is a result of
the exudation of phenolic compounds that oxidize in contact
with the air, forming a dark precipitation (Araceli et al.,
2012). The accumulation of these toxic compounds can affect
tissue viability and when severe can lead to necrosis (Pierik,
1998). Compton and Preece (1988) found that phenolic
compounds exuded from excised explants were oxidized by
peroxidases or polyphenolo-xidases, causing browning of
both plant tissues and media. This might reduce growth or
kill the tissues (Preece and Compton, 1991). Accumulation of
polyphenolic compounds in embryogenic tissues during
somatic embryogenesis has been previously reported in many
plants (Kouakou et al., 2007; Reis et al., 2008). Various
shapes of normal embryoids either a single normal or fused
embryoids, had been differentiated into plantlets. However,
some abnormal changes were identified on embryoid cultures
of clones PL 209 and PL 220 supplemented with 2.0 mgL™
of NAA. This type of embryoids probably underwent
necrosis as it became soft, dark and finally aborted without
any further development. Thus, 2.0 mgL™ of NAA appeared
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to be too high for oil palm embryoid cultures because it can
cause necrosis to the plant tissues and accumulation of
phenolic compound. However, embryoids necrosis and
production of phenolic compound might also be influenced
by several factors such as clone, age and plant growth
regulators. Previous studies reported that factors influencing
necrosis were the growth temperature (Marc, 1990), plant
growth regulator (Bairu et al., 2011; Madhulatha et al., 2004),
age and cultivar (Martin et al., 2007). Other than that, Gow et
al. (2009) reported negative effects on direct somatic
embryogenesis of Phalaenopsis orchids in cultures exposed
to light; in addition, light induced embryo necrosis and low
plantlet regeneration. However, reduction of necrosis by
more frequent subculturing has been demonstrated in Prunus
tenella (Alderson et al., 1987). Also, pretreatment of explants
with the antioxidants had a positive effect by reducing the
degree of tissue necrosis and reducing the oxidation of
phenolic compounds (Ravindra and Johannes, 2005).

Identification of phytosterols in oil palm embryoids using
GC-MS

The results of the GC-MS analysis on the identification of
sterol compounds were presented in Table 1. A total of 6
sterol compounds were identified from the crude embryoid
extracts of oil palm and the retention time for each type of
sterol compounds was found between 26 to 28 minutes.
However, the presence of each sterol compounds was
different among clones PL 213, PL 209 and PL 220. The y-
sitosterol, B-sitosterol and stigmasterol were the major sterols
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Fig 1. The fresh weight of oil palm embryoid cultures; (a) PL 213, (b) PL 209, (c) PL 220 in different concentration of NAA after 16

weeks.

present in all clones followed by stigmasterol, 22,23-dihydro-
, Stigmasta-7, 22-dien-3-ol, (3.beta.,5.alpha.,22Z)- and
campesterol. Accumulation of sterol compounds in the
extract of PL 213 embryoids was higher in type and
percentage (Table 1) of each compound compared to their
accumulation in the other two clones; PL 209 and PL 220.
The sterol compounds that present in the extracts of PL 213
embryoid were y-sitosterols, [-sitosterols, stigmasterol,
campesterol, stigmasterol, 22,23-dihydro- and stigmasta-7,
22-dien-3-ol, (3.beta.,5.alpha.,22Z)-. The highest percentage
of area (10.76%) was found as stigmasterol, 22,23-dihydro-,
y-sitosterol and B-sitosterol in the treatment of MS media
supplemented with 0.5 mg L™ NAA. However, MS media
supplemented with 2.0 mg L™ NAA produced the lowest type
of sterol compound which is stigmasterol (0.39%). The sterol
compounds that present in the extracts of PL 209 embryoid
were [-sitosterols, stigmasterol and stigmasterol, 22,23-
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dihydro-. However, there was no sterol compounds found in
the treatment of MS media supplemented with 1.0 mg L
NAA and MS media supplemented with 2.0 mg L™ NAA.
The sterol compounds that present in the extracts of PL 220
embryoid were y-sitosterols, p-sitosterols and stigmasterol.
However, there was no sterol compounds found in the
treatment of MS media supplemented with 0.5 mg L™ NAA
and MS media supplemented with 2.0 mg L’ NAA. It
indicated that sterol compounds were not been produced by
oil palm embryoids cultured in medium with high
concentration  of NAA.  B-sitosterol,  compesterol,
stigmasterol, ergosterol and brassicasterol are the principle
plant sterols (Bailey, 1964). Plant sterols are amphiphilic and
occur as membrane constituents. Apart from their role in
maintaining adequate function of the plant cell membranes,
plant sterols also act as precursors of plant growth factors
(Piironen et al., 2000). Steroidal compounds play an important



140
120 ——MS0
£ 100 :
2 80
- = MS+0.5 mg/L
S 60 NAA
S 40
z == MS+1mg/L NAA
20
0 - i MS+2mg/L NAA
1 2 4 6 8 1012 14 16
Time (week)
(@
80
/0 ——MS0
@u 60
8 s0
3 40 - =h=MS+0.5 mg/L
S NAA
S 30
2 20 MS+1mg/L NAA
10
0~ et MS+2mg/L NAA
1 2 4 6 8 10 12 14 16
Time (week)
(b)
60
50 T —4=MSO
@
S 40
% 30 - =h=MS+0.5 mg/L
[T
5 NAA
S 20
z 10 == MS+1mg/L NAA
0 - ——MS+2mg/L NAA
1 2 4 6 8 1012 14 16 me.
Time (week)
(c)

Fig 2. The number of shoots of oil palm embryoid cultures; (a) PL 213, (b) PL 209, (c) PL 220 in different concentration of NAA

after 16 weeks.

role as plant defense metabolites apart from functioning as
plant growth regulators (Faure et al., 2009) and regulating the
fluidity of plant membranes for adaption to changes in
temperature (Piironen et al.,, 2000). A previous study
(Nusaibah et al., 2011) has shown that sterol compounds
including B-sitosterol, y-sitosterol, stigmasterol, campesterol
and ergostenol were related to the oil palm defence
mechanism against Ganoderma boninense. It indicates that
the number and level of sterol compounds induced in infected
palms were significantly higher than in uninfected seedlings.
Another study by Defago and Kern (1983) using tomato, on
its resistance to the pathogenic Fusarium solani, showed that
higher levels of resistance towards fungal attacks were
observed in tomato with a high sterol content in its

844

membrane composition compared to that with a low sterol
content.

Materials and Methods
Plant materials

In this study, callus-derived oil palm embryoids of three
different Malaysian clones (PL 213, PL 209 and PL 220)
have been used as the starting plant material. These
Malaysian clones were established from oil palm liquid
culture system (Tarmizi, 2002) by Malaysian Palm Oil Board
(MPOB).



Fig 3. The development of PL 213 embryoids on MS medium without NAA (A) Eight-month early developed embryoids
(B) Matured embryoids with shoots development after 8 weeks of culture (C) Shoots elongation after 16 weeks of culture
(D) A rooted ramet produced after 16 weeks of culture. (A to D bar: 1 cm).

Preparation of culture medium

MS basal medium (Murashige and Skoog, 1962) was
prepared with different concentrations of NAA (0, 0.5, 1.0
and 2.0 mg L. The pH value was measured at 5.7-5.8 prior
to autoclaving.

Multiplication of embryoids

Seven-month oil palm embryoids from clones PL 213, PL
209 and PL 220 were first been cultured on solid MS basal
medium for a month in order to increase the biomass of yield
prior to the NAA experiment. The cultures were incubated at
27 + 2°C temperature and 12 hours light/day photoperiod.

NAA experiment

The experiment was then continued by culturing 2 g of
embryoids to different treatments of MS media supplemented
with several concentrations of NAA (0, 0.5, 1.0 and 2.0 mg
LY for growth and development. Ten replicates for each
treatment have been set and the cultures were incubated at 27
+ 2°C temperature and 12 hours light/day photoperiod.
Measurements on fresh weight (g), number of shoots and
number of roots for all clones; PL 213, PL 209 and PL 220
were recorded every two weeks throughout the experiment.
At the end of each experiment, the morphological changes of
cultures were observed for the color and texture while the
rate of embryoids maturation and germination were
expressed as percentage. The growth rate was plotted by
graph.

Extraction method

Oil palm embryoids were harvested after 16 weeks of culture.
The fresh samples were dried in 50°C for five days,
consecutively. Then, the oven dried and grounded samples
were extracted using methanolic extraction as follows; 1 g of
the sample was extracted twice in 10 ml of 100% MeOH for
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24 hours at room temperature. The methanol extracts were
then concentrated by rotary evaporation at 40°C after
filtration (Grayer et al., 2008).

Identification of phytosterols in oil palm embryoids
GC-MS analysis

An Agilent 19091S-433 system was used to carry out GC-
MS analysis. Chromatography was carried out with a HP-
5MS capillary column (30 m long, 0.25 mm I.D. and a 0.25-
um 5%-phenylmethylpolysiloxane column). A standard 10-pl
injection needle was mounted onto the auto sampler, and
each sample (2 pl) was injected in split less mode. The carrier
gas, helium, was at a flow rate of 1.5 ml min’%; injector
temperature at 280°C and detector temperature at 250°C.

Identification of the compounds

Identification of compounds present in the crude sample
extracts was done by computer matching with the National
Institute of Standards of Technology 02 (Nist 02) library
data.

Statistical analysis

All results were expressed as mean + S.D. Statistical analyses
were performed by two-way analysis of variance (ANOVA)
and Randomized Complete Block Design Analysis using
SAS Software Version 9.00, with significance level at
p <0.05.

Conclusion

In conclusion, the highest growth rate and phytosterols
production of oil palm (Elaeis guineensis) embryoid cultures
was found in clones PL 213, followed by PL 209 and PL 220.
All clones responded differently to the different NAA
concentrations used in this study. GC-MS analysis has



enabled the identification of phytosterols present in oil palm
embryoid extracts; with B-sitosterol, vy-sitosterol and
stigmasterol being among the major sterol compounds
detected. Further study can be done to find any correlation
between phytosterols and oil palm defense mechanism.

Acknowledgements

The authors would like to thank RMI, Universiti Teknologi
MARA (UiTM) and The Ministry of Higher Education for
the grant No. FRGS/2/2010/SG/UiTM/03/22. Also, a big
appreciation goes to Tissue Culture Department, Malaysian
Palm Oil Board for supporting this study.

References

Alderson PG, Harbour MA, Patience PA (1987)
Micropropagation of Prunus tenella cv. Firechill. Acta
Hortic 212:463-468.

Araceli RS, Daniel RB, Gustavo JAH, Martha ITM,
Florentina ZM, Melesio GL, Carmen LDTS, Osvaldo CH
(2012) Efficient protocols for in vitro axillary bud
proliferation and somatic embryogenesis of the medicinal
plant Anemopsis californica. J Med Plants Research
6(22):3859-3864.

Bailey AE (1964) Industrial oil and fat products. Interscience
publishers, Inc., New York

Bairu MW, Aremu AO, Van Staden J (2011) Somaclonal
variation in plants: causes and detection methods. Plant
Growth Regul

Barz W, Ellis B (1981) Plant cell cultures and their
biotechnological potential. Ber. Dtsch.Bot.Ges. 94,1-26
(c.f. in vito studies on (Hypericum perforatum L.) Ph.D.
Thesis, by H.S. Taha (1999), Fac of Agric. Cairo
University

Bohm H (1980) The biosynthesis of secondary metabolites in
plant tissue and cell cultures. Int Rev. cytol.Supp.11b, 183-
208 (c.f. In vitro studies on Hypericum perforatum L.)
Ph.D. Thesis, by H.S. Taha (1999), Fac of Agric. Cairo
University

Compton ME, Preece JE (1988) Response of tobacco callus
to shoot tip exudation from five species. Hort Science
23(1):208-10.

De-Touchet B, Duval Y, Pannetier C (1991) Plant Cell Rep
vol 10, p 529-532.

Defago G, Kern H (1983) Induction of Fusarium solani
mutants insensitive to tomatine, their pathogenicity and
aggressiveness to tomato fruits and pea plants. Physiol
Plant Pathol 22:29-37.

Delazar A, Nazifi E, Movafeghi A, Nazemiyeh H, Hemmati
S, Nahar L, Sarker SD (2010) Analyses of phytosterols and
free radical scavengers in the bulbs of Ornithogalum
cuspidatum Bertol. Boletin Latinoamericano y del Caribe
de Plantas Medicinales y Arométicas 9(2):87-92.

Deus B, Zenk HM (1982) Exploitation of plant cells for
production of natural products. Biotechnol Bioeng. 1956-
1974

Dipak K, Rupali S, Syed Imran, Bhadange DG (2010)
Phytochemical screening of eight traditionally used
ethnomedicinal plants from Akola district (MS) India.
International J of Pharma and Bio Sciences vol 1, Issue 4,
B253-B256.

El-Bellaj M (2000) Study on biochemical parameters in
relation to embryogenesis potential and somatic embryo
maturation of date palm (Phoenix dactylifera L.). Ph.D.
Thesis, University of Cadi Ayyad, Faculty of Sciences-
Semlalia, Marrakesh

846

El-Dawayati MM, Zaid ZE, Elsharabasy SF (2012) Effect of
Conservation on Steroids Contents of Callus Explants of
Date Palm cv. Sakkoti. Aust J Basic Appl Sci 6(5):305-
310.

Faure D, Vereecke D, Leveau JHJ (2009) Molecular
communication in the rhizosphere. Plant Soil 321:279-303.

Gaspar T, Kevers C, Penel C, Greppin H, Reid DM, Thorpe
TA (1996) Plant hormones and plant growth regulators in
plant tissue culture. In Vitro Cell Dev Biol.-Plant 32:272-
289.

Goh DKS, Michaux-ferriere N, Monteuuis O, Bon MC
(1999) Evidence of somatic embryogenesis from root tip
explants of the rattan Calamus manan. In Vitro Cell Dev
Biol Plant 35:424-427.

Gow WP, Chen JT, Chang WC (2009) Effects of genotype,
light regime, explant position and orientation on direct
somatic embryogenesis from leaf explants. Acta
Physiologiae Plantarum 3(2):363-369.

Grayer RJ, Thabrew MI, Hughes RD, Bretherton S, Lever A,
Veitch NC, Kite GC, Lelli R, Simmonds MSJ (2008)
Phenolic and Terpenoid Constituents from the SriLankan
Medicinal Plant Osbeckia aspera. Pharmaceut Biol
46(3):154-161.

Gus-Mayer S, Brunner H, Schneider-Poetsch HA, Rudiger,
W (1994) Avenacosidase from oat: purification, sequence
analysis and biochemical characterization of a new member
of the BGA family of betaglucosidases. Plant Mol Biol
26:909-921.

Haccius B (1978) Question of unicellular origin of non-
zygotic embryos in callus cultures.  Phytomorphology
28:74-81.

Haliza Dahlia AH, Norrizah JS, Norizan A, Tarmizi AH
(2011) In Vitro Studies of biomass yield and its
phytochemical on different clones of oil palm cell
suspension culture. UMTAS 2011 Empowering Science,
Technology and Innovation towards a Better Tomorrow
778-783.

Irvin TT (1985) Wound healing. Arch Emerg Med. 2:3-10.

Kanchanapoom K, Tinnongjig S (2001) Histology of
embryoid development in oil palm (Elaeis guineensis
Jacq.) cell suspension culture. Songklanakarin J Sci
Technol 23 (Suppl.): Oil Palm

Kantamaht K, Amornrat P, Kamnoon K (2010) The effect of
chitosan on the organogenesis of oil palm embryo-derived
callus. Not Bot Hort Agrobot Cluj 38(1):213-217.

Khaw CH, Ng SK (1997) Performance of commercial scale
clonal oil palm (Elaeis guineensis Jacg.) planting in
Malaysia. Paper presented at Intl Soc of Horticultural
Science Symposium. Brisbane, Australia. 8pp

Kouakou TH, Waffo-Te guo P, Kouadio YJ (2007) Phenolic
compounds and somatic embryogenesis in cotton
(Gossypium hirsutum L.). Plant Cell Tiss Organ Cult
90:25-29.

Kuberski C, Scheibner H, Steup C (1984) Embryogenesis
and cardenolide formation in tissue culture of Digitalis
lanata. Phytochemistry 23:1407-1412.

Kushairi A, Tarmizi AH, Zamzuri |, Ong-Abdullah M,
Rohani O, Samsul Kamal R, Ooi SE, Ravigadevi S, Mohd
Basri W (2006) Current status of oil palm tissue culture in
Malaysia. Clonal and Quality Replanting Material
Workshop. 10 August 2006. Seri Kembangan

Madhulatha P, Anbalagan M, Jayachandran S, Sakthivel N
(2004) Influence of liquid pulse treatment with growth
regulators on in vitro propagation of banana (Musa spp.
AAA). Plant Cell Tiss and Organ Cult 76:189-191.

Machakova I, Zazimalove E, George EF (2008) Plant growth
regulators |: Introduction: auxins, their analogues and



inhibitors. Plant Propagation by Tissue Culture (George, E.
F.; Hall, M. A. and De Klerk, G-J eds.). vol 1 Springer
Publ, p 175-204.

Marc De Block (1990) Factors influencing the tissue culture
and the Agrobacterium tumefaciens-mediated
transformation of hybrid Aspen and Poplar clones. Plant
Physiol. 93:1110-1116.

Martin KP, Zhang C-L, Slater A, Madassery J (2007) Control
of shoot necrosis and plant death during micropropagation
of banana and plantains (Musa spp.). Plant Cell Tiss Organ
Cult 88:51-59.

Morrissey JP, Osbourn AE (1999) Fungal resistance to plant
antibiotics as a mechanism of pathogenesis. Microbiol Mol
Biol Rev 63:708-724.

Murashige T, Skoog F (1962) A revised medium for rapid
growth and bioassays with tobacco tissue culture. Physiol
Plant 15:473-497.

Mutert E, Fairhurst TH (1999) Oil palm clones: Productivity
enhancement for the future. Better Crops International
13(1):45-47.

Nusaibah SA, Siti Nor Akmar A, Mohamad Pauzi Z, Idris
AS, Sariah M (2011) Detection of phytosterols in
Ganoderma boninense-infected oil palm seedlings through
GC-MS analysis. J Oil Palm Res 23:1069-1077.

Okwu DE (2001) Evaluation of the chemical composition of
indigenous spices and flavouring agents. Global J Pure
Appl Sci. 7(3):455-459.

Otih R, Sitti FS (2008) Somatic embryogenesis from
meristem explants of ginger. Biotropia 15(1):12-24.

Pierik RLM (1998) In vitro culture of higher plants. Kluwer
Academic Publishers. Netherlands. pp. 76-82.

Piironen V, Lindsay DG, Miettinen TA, Toivo J, Lampi AM
(2000) Plant sterols: biosynthesis, biological function and
their importance to human nutrition. J Sci Food Agric
80:939-966.

Preece JE, Compton ME (1991) Problems with explant
exudation in micropropagation. In: Bajaj YPS (editor).
Biotechnology in agriculture and Forestry, vol 17: High-
tech and Micropropagation |. Springer-Verlag, Berlin. p
168-89.

Rajesh MK, Radha E, Anitha K, Parthasarathy VA (2003)
Plant regeneration from  embryo-derived callus of oil
palm-the effect of exogenous polyamines. Plant Cell,
Tissue and Organ Cult 75:41-47.

Raskin 1, Ribnicky DM, Komarnytsky S, llic N, Poulev A,
Borisjuk N, Brinker A, Moreno DA, Ripoll C, Yakoby N
(2002) Plants and human health in the twenty-first century.
Trends Biotechnol 20:522-531.

Ravindra BM, Johannes VS (2005) Role of antioxidants and
amino acids on somatic embryogenesis of Pinus Patula. In
Vitro Cell Dev Biol.—Plant 41:181-186.

Reddy L, Odhav B, Bhoola KD (2003) Natural products for
cancer prevention: a global perspective. Pharmacology
Therapeutics 99:1-13.

Reis E, Batista MT, Canhoto JM (2008) Effect and analysis
of phenolic compounds during somatic embryogenesis
induction in Feijoa sellowiana Berg. Protoplasma 232:193-
202.

Rodriguez APM, Wetzstein HYA (1998) Morphological and
histological comparison of the initiation and development
of pecan (Carya illinoinensis) somatic embryogenic
cultures induced with naphthaleneacetic acid or 2,4-
dichlorophenoxyacetic acid. Protoplasma, 204(1-2):71-83.

847

Rohani O, Sharifah SA, Mohd Rafii Y, Ong M, Tarmizi AH,
Zamzuri | (2000) Tissue culture of oil palm. In Advances in
Oil Palm Research, volume 1, chapter 7 (eds. Yusof B.,
Jalani, B.S. and Chan K.W.). Malaysian Palm Oil Board.
pp 238-283.

Rohani O, Zamzuri I, Tarmizi AH (2003) Oil palm cloning:
MPOB protocol. MPOB Technology No. 26. MPOB, Bangi

Sogeke AK, Odewale JO, Exe CR, Omamor IB (1999)
Vegetative propagation of oil palm (Elaeis guineensis
Jacq.). Initiation of callus from leaf explants. Proc. of the
1999 PORIM International Palm Oil Congress -
Agriculture Conference 536-541.

Sogeke AK (1998) Stages in the vegetative propagation of oil
palm (Elaeis guineensis Jacq.) through tissue culture. J Oil
Palm Research 10(2):1-9.

Sasidharan S, Nilawatyi R, Xavier R, Latha LY, Amala R
(2010) Wound healing potential of Elaeis guineensis Jacq
leaves in an infected albino rat model. Molecules 15:3186-
3199.

Staba J (1980) Plant tissue culture as a source of
Biochemicals.C.R.C. Press, Bocaraton, Florida, (C.F. In
vitro studies on (Hypericum perferatum L.) Ph.D. Thesis by
H.S. Taha (1999), Fac Of Agric. Cairo Univ

Sumaryono, Imron R, Pauline DK, Gale G (2008) Growth
and differentiation of embryogenic callus and somatic
embryos of oil palm (Elaeis guineensis Jacq.) in temporary
immersion system. Indonesian J of Agric 1(2):109-114.

Tahardi JS, Riyadi I, Dodd WA (2003) Enhancement of
somatic embryo development and plantlet recovery in
Camellia sinensis by temporary liquid immersion. J
Bioteknologi Pertanian 8(1):1-7.

Tan CC, Wong G, Soh AC, Hor TY, Chong SP, Gopal K
(2003) Experiences and lessons from oil palm clonal
evaluation trials and commercial test plantings. Proc. of the
2003 PIPOC International Palm Oil Congress, Palm Qil:
the Power-house for the Global Oils and Fats & Economy —
Agriculture (unedited). MPOB, Bangi 1093-1119.

Tarmizi AH (2002) MPOB liquid culture system. MPOB
Information Series No. 138

Thomas Gaspar Claire Kevers Claude Penel Hubert Greppin
David M Reid, Trevor A Thorpe (1996) Plant hormones
and plant growth regulators in plant tissue culture. In Vitro
Cell Dev Biol.—Plant 32:272-289.

Ting IP (1982) Plant physiology. Addison Wesley Services in
Life Sciences. New York, USA

Tisserat B (1984) Propagation of date palm by shoot tip
cultures. Hort Science 19:230-231.

Wooi KC (1995) QOil palm tissue culture-current practice and
constraints. Proc. of the 1993 ISOPB International
Symposium on Recent Development in Oil Palm Tissue
Culture and Biotechnology (Rao, V.; Hensen, I. E. and
Rajanaidu, N. eds.). International Society for Oil Palm
Breeders, Kuala Lumpur 21-32.

Zamzuri | (2011) MPOB Clonal Propagation Programme.
International Seminar on Breeding for Sustainability in Oil
Palm 110-124.

Zamzuri I, Isa ZA, Rohani O (2005) Field evaluation of
MPOB clones. Proc. 2005 Nat. Sem. Advances in breeding
and clonal technologies for super vyielding planting
materials. Malaysian Palm Oil Board, Kuala Lumpur



