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Abstract
Background and Objective: Quality banana fruit is significantly related with number and type of metabolite produce. Metabolite
production of Musa acuminata  L. is effected by abiotic factors such as salinity. So the purpose of this research was to study the effect of
plant response under salinity stress and also identified the chemical compound especially phenolic compound. Materials and Methods:
Explants used in this research were  shoot of Musa acuminata  L., Murashige and  Skoog medium, Benzyl amino purine, sugar, agar, sodium
chloride. The research was conducted in two stages; stage (1):  Developing in vitro  culture of shoot of  Musa acuminata  L. with NaCl
treatment i.e., 0, 50, 100, 150 and 200 mM concentration, stage (2): Gas Chromatography Mass Spectrometry (GCMS) analysis on the shoot
of in vitro banana plantlets. Results: The findings of this study showed that compound content of shoot  of  banana  plantlets  were
Amine, Ester, Propane, Keton, Alkohol, Phenol, Methyl, Acid and it was observed that Ester (27.515%) was the highest detected compound.
Conclusion: It is concluded that the salinity had affected  the  plant  growth.  The  analysis  showed  that  the  highest  compound  content 
of Musa acuminate  L. Barangan cultivar was Ester and Phenols.
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INTRODUCTION

Musa acuminata  L. is agriculture plant which is effected
by environment such as salinity.  It is the second important
fruit crop and approximately 22% fresh fruit banana is
produce, but the salinity can cause decrease even 50% in
fruit1-3. The plant  growth and development to banana plant is
affected by salinity. Plant growth and development such as
seed germination, seedling growth and vigour; vegetative
growth, flowering and fruit set; photosynthesis, protein and
lipid metabolism are adversely affected by high salt
concentration that ultimately causing decreased of plant
productivity4,5. 

Response of plant to salinity such as ionic homeostatis
including various osmolite like polyols, proline, betaine,
trehalose, ektoin and DMSC (dimethyl sulfonium
compound)1,6. Modern biotechnical techniques to study
genetic and molecular (DNA, RNA, protein and metabolites)
were applied to investigate the plant regulation and
development7. Salinity  stress and cellular processes were used
in vitro  to study  the biotechnology development within
micropropagation. This technique was used in banana plant
with shoot as plant tissue or explant8,9. Tissue culture with
environment which controlled such as nutrition and light can
obtain plantlet. Tissue culture technique required culture
medium, plant growth regulation and sodium chloride in
sterile condition. Previous study of salinity on root plasma
membrane and its transport to shoot tissue, nutrient content
in seedling organs significantly decreased as soil salinity
increased in Ziziphus mauritiana. Treatment of NaCl was
observed to be toxic on banana micropropagation6,10.

Metabolic plant response to stress environment by
physiological defense such as secondary metabolite
production, toxic to insects and micro-organism. The other
case found that salinity stress affected the different changes
in composition of some aromatic, essential oil and nutrition11.
Metabolism of plant may change due to salinity effect , primer
metabolism, secondary metabolism and produce of chemical
compound. The research aimed to investigate the effect of
response of plant under salinity. Present study was also
identified the chemical compound especially phenolic
compound and the next process of lignin biosynthesis to
protect against environment disruption such as salinity.

MATERIALS AND METHODS

Materials: The research used explants of the shoots of banana
plantlet (Fig. 1) of PT Multi Agro Kultura Pamulang Tangerang.
The  basic  media  used   Murashige  and   Skoogs   (MS)  with

Fig. 1: Shoot   explant   of   Musa  acuminate  L.  cv.  Barangan
in  vitro

Benzylaminopurine (BAP) 1.5 ppm and NaCl as growth
regulators, sugar 30 g, jelly 8 g and sodium chloride (NaCl).

Methods: The methods with two stages performed, which
were: (1) Development of  the shoot culture of banana plantlet
with the treatment of concentrations of NaCl 0, 50, 100, 150
and 200 mM (2) Analysis of active compounds used Gas
Chromatography Mass Spectrometry (GCMS) in the roots of
banana  plantlet  with  the  NaCl  concentrations  i.e.,  0  and
100 mM. This study was conducted from January, 2013 until
June, 2013 in laboratory Molecular Cell Biology School of Life
Science and Technology, ITB, Indonesia.

Procedure for the making of in vitro  banana culture: For
initiation stage the explants of banana shoots were cultured
in vitro  in the Murashige and Skoog (MS) media of 4.4 g LG1,
sucrose 30 g, gel 8 g and an addition of growth regulator
Benzylaminopurine (BAP) at a concentration of 1.5 ppm. The
NaCl with the concentration of 0 and 100 mM  added into the
treatment media. In vitro  culture is made in a sterile state, the
medium  sterilized using an autoclave.

GC-MS analysis:
Extraction and determination of chemicals compounds:
Extraction of shoot was performed on 1 g sample of explant
with the NaCl concentrations  0, 50, 100, 150 and 200 mM and
then made finer by an addition of methanol. The result of the
extraction was incubated in an ultrasonic bath for 1 h and
then filtered using filter paper12.
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Gas chromatography mass spectrometry analysis: Early step
the extract was injected into the GCMS  system of Fisons GC
8000, GC model 8060 paired with MS Fisons MD 800 in EI
(Electron Impact) with an energy electron of  70 eV and
masses ranging from 25-700 MLZ. The capillarity column was
that of low-bleed CP-Sil 8 CB-MS (30 m×0.32 mm, i.d) of 0.25
µm of film thickness. An injector was set at 280EC and a
detector at 290EC and GC in splitless at 1 min. Temperature
was set between 70-135EC with 2EC minG1 G1 for 10 min
between 135-220EC with 4EC min G1 for 10 min between
220-270EC with 3.5EC minG1 G1 for 20 min. After a run of 10
min at 70EC for the next injection, the average speed was 1.9
mL minG1 G1. Identification of compounds was compared to
the retention time with the right chemical compound and
spectral data obtained from Wiley and NIST libraries. Each
determination was duplicated13.

RESULTS

Shoot in vitro  culture: The results of multiple shoot
development, growth of development and effect of different
concentrations of NaCl on induction of different genotype
were presented in Table 1.

The effect of different concentrations of NaCl 0, 50, 100,
150 and 200 mM on bud initiation and shoot multiplication
was investigated. Multiple shoots have developed at different
level of NaCl. Table 1 showed plant growth and development
caused by different concentration of NaCl. Plant growth
resulted that (a) Good growth and multiplication growth root. 
(b) The picture of plantlet growth showed that yellow leave,
presence the number of multiple shoots  and root didn’t grow.
(c) Shoot did not multiplication and root grown. (d) Shoot did
not multiplication and browning on the root. (e) Browning in
shoot and root, it was very bad condition of plantlet.

The result of GCMS with sodium chloride treatment 0 mM,
the lowest was acid compound (0.09%) and the highest was
Ester compound (27.515%) (Table 2).

The highest chemical compound treat 50, 100, 150 and
200 mM were Ester group 52.41, 32.68, 56.16 and 29.55%.
Sodium chloride with treatment 0 mM (control)  on shoot had
chemical compound content such as Amine, Propane, Keton,
Alcohol, Phenol, Methyl and Acid, while  in  treatment  NaCl
100 Mm did not discover Alcohol and treat NaCl 150 mM
didn’t find Alcohol and Phenol. Analysis of GCMS result
showed that due to salinity causing changed composition and
quantity of compound chemical. 

In treat NaCl 100 mM showed that the highest area for
phenol compounds while 150 mM did not detect any Phenol
compound and showed the lowest area (0.00%)  (Table 3).

Table 1: Treatment of NaCl on plant growth Musa acuminate  L. cv Barangan
Treatments Explant
(a) MS

(b) MS + NaCl 50 mM

(c) MS+ NaCl 100 mM

(d) MS+ NaCl 150 mM

(e) MS+NaCl 200 mM 

DISCUSSION

In this study the micropropagation of banana has been
achieved with shoot plant and the number of multiplication
using shoot tip. The multiplication rates of banana shoot
derived from sucker in vitro culture14. The effect of
environment such as abiotic factor is caused by salinity to
chemical compound content of  in vitro  shoot of plantlet
Musa acuminate  L. Barangan cultivar.  

In GCMS analysis of each treatment (NaCl  0, 50, 100, 150
and 200 mM) particularly 83 chemicals compound were
obtained and the highest compound was ester. Ester acid of 
in vitro shoot of banana plantlet was tridecanoic acid and
hexadecanoic acid methyl ester15.  Hexadecanoic acid was
detected in various NaCl concentrations. Plant produce natural
product in processes of primary and secondary metabolism
with intermediate compound of  primary carbon synthesis like
phenylpropanoid, shikimate, mevalonate or MEP pathways16.
Primary metabolism produced primary compound which are
essential for plant growth such as lipid, protein, carbohydrates
and secondary metabolism produced secondary metabolite
like alkaloid, terpenoid and flavonoid. Plant  metabolism  was
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Table 2: GC-MS in vitro  shoot of banana plantlet with various concentration of NaCl 
NaCl  treatments

Chemical -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
compounds 0 mM 50 mM 100 mM 150 mM 200 mM
Amine 1.14 0.63 1.15 0.44 0.61
Ester 27.51 52.41 32.68 56.16 29.55
Propane 0.42 0.34 0.29 0.07 1.18
Ketone 0.12 0.55 0.14 1.41 1.31
Alcohol 26.80 3.02 0.00 0.00 1.41
Phenol 1.84 4.10 12.47 0.00 0.09
Methyl 2.08 0.53 5.35 9.25 1.20
Acid 0.09 12.63 0.28 0.25 0.06

Table 3: Phenol compound on shoot of banana plantlet in various concentration of NaCl
Area (%)

Treatment ----------------------------------------------------------------------------------------------------------------------------------------------------------
shoots (mM) HMDP PCOTP AMPP PAP PEA BAH BM Total
0 0.00 1.84 0.07 0.00 0.00 0.00 0.00 1.90
50 0.00 4.10 0.06 0.00 0.00 0.00 0.00 4.16
100 0.00 12.20 0.09 0.27 0.00 0.00 0.00 12.56
150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
200 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.09
HMDP: Hexahydropyridine, 1-methyl-4-[4,5 dihydroxyphenyl), PCOTP: Pyridine-3-carboxamide, oxime, N-(2-trifluoromethyl phenyl), AMPP: 2-Amino-1-(o-
ethoxyphenyl)propane, PAP: 1-Propanone, 2-amino-1-phenyl,  PEA: Phenyl ethyl alcohol, BAH: Benzyl alcohol, alpha-(1-aminoethyl)-m-hydroxy, BM: Benzenemethanol,
alpha(1-aminoethyl))

changed due to salinity17.  Secondary metabolite synthesis is
caused by environment stress for protection against cellular
and oxidative damage18-20. Salinity  effect on plant growth and
development of banana plant may disturb the balance of
homeostatic of ionic and osmotic caused Na+, beside that
salinity can also effect the primary metabolism like
carbohydrates,  nutrition, water decrease and oxidative stress.
In addition to this it can also change the level of chemical
compound  such as ester acid, glycerol within adaptation of 
salinity stress21.

Responses of biochemical related with physiological
adaptations, accumulation of soluble sugar, ester acid and
proline under salt stress protect the cell by balancing the
osmotic of cytosol, vacuole and external condition5.

Phenolic compounds are most important in  plant
growth, it is the source of  response to environmental factors
such as light, pollution and saline as plant defence to
disruption. Stress of abiotic have impact to antioxidant
accumulation so that the plant can adapt to environment22. 
Phenols compound accumulated in vacuola that it stored in
secondary cell wall as lignin23. Synthesized of phenol derived
cinnamic acid that synthesized phenylalanine is catalyzed
Phenylalanine Ammonia Lyase (PAL) that branch point
between shikimate and phenylpropanoid pathway24. So in
future this study could  use for investigation of DNA and RNA
molecular research.

CONCLUSION AND RECOMMENDATION

The salinity effected on plant growth and  development
in vitro  shoot of plantlet Musa acuminate  L. Barangan
cultivar, it was caused homeostatic change in plant
metabolism. Chemical compound group due to salinity was
Amine, Ester, Propane, Keton, Alcohol, Phenol, Methyl and
Acid. Composition compound in  various NaCl concentration
and the highest detected compound was Ester so the findings
of this study recommended the further investigation of
chemical compound  content of shoot and root with other
treatment and different analysis.

SIGNIFICANCE STATEMENT

This  study  discovered  that  obtain  of metabolite of
Musa acuminata cv. Barangan  undersaline in vitro. The
research can be beneficial for information source about
banana plant and salinity. This study will help the researcher
to find metabolites compound of Musa acuminata   cv.
Barangan in vitro under salinity. Thus a new theory that effect
of salinity on Musa acuminata  cv. Barangan in vitro,  the plant
can survive in salinity.
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