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The composition of culture medium used for shoot regeneration has a great influence on cost of
materials making of media. This study was conducted to investigate the effect of using four kinds of
commercial starch or flour as alternative gelling agents and coconut water as an organic additive in the
culture medium on the number of shoots produced for eight weeks in culture. Explants from stem
segments of Celosia sp were cultured on medium containing either half strength of Murashige and
Skoog (MS) or without MS combined with 100 g/l of each gelling agents and 70 ml/l coconut water. The
findings showed that the use of young coconut water and alternative gelling agents have response to in
vitro shoots regeneration of stem segments of Celosia sp. Higher revenue (12.33 ± 7.27) of
shoots derived from stem segments results from the cultured media containing100 g/l of potato starch,
70 ml/l coconut water, household sugar and half strength concentration of MS (½ MS). Statistical
analysis found no significant difference (P> 0.05) between culture media with different concentrations
of MS with the number of shoots produced. The substitution of alternative gelling agents, use of
coconut water and quantities of MS powder can reduce costs to medium preparation.
Key words: Alternative gelling agent, young coconut water, shoots regeneration, half strength Murashige and
Skoog (MS), Celosia sp.
INTRODUCTION
Various factors should be considered in developing plant
tissue culture technique. One of the most important
factors governing the in vitro shoots regeneration is
largely determined by the composition of the culture
medium (Rashid et al., 2000). The basic Murashige and
Skoog (MS) medium (Murashige and Skoog, 1962) is the
most widely used media. However, the amounts of the
various ingredients in the medium vary for cultures of
different plant species. Much number of researchers
influenced to find alternatives materials to substitute
alternatives to gelling agents, use of household sucrose,
and some medium components objectively to reduce cost
in media culture preparation. For example Raghu et al.
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(2007) have tried household sugar and tap water to
substitution laboratory sucrose and double distilled water
used in plant tissue culture. Besides successful in
promoting the plantlet regeneration, by using the
substitution items provide cost reducing in media culture
preparation. This present study aims at developing a cost
effective sources for in vitro micro-propagation of Celosia
sp. The shoots production or cultures growth is
influenced by the physical consistency of the culture
medium. Gelling agents are added to the culture medium
that acts as supportive agents to increase its viscosity. As
a result, plant tissues and organ cultures remain above
the surface of the medium.
Many gelling agents are used for plant tissue culture
media, such as agar technical Oxoid, agarose, phytagel
and gelrite (Debergh, 1983). Agar is the most commonly
used as gelling agent for media preparation (Afrasiab and
Jafar, 2011). From more than 100 years ago (Henderson
and Kinnersely, 1988) until today, agar has been widely
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used as a gelling agent in plant tissue culture technique.
This is because Henderson and Kinnersely (1988)
reported its stability, high clarity and non toxic nature.
Several researchers reported various types of flour act
as alternatives to agar. Prakash et al. (1993) have found
options of alternatives gelling agent such as wheat flour,
potato starch, rice powder, laundry starch, sago and
semolina. Bhattacharya et al. (1994) and Naik and Sarkar
(2001) used sago as cheaper gelling agent for potato
regeneration. Second researcher studied on potato
regeneration, Gerbe and Sathyanarayana (2001) used
commercial cassava and sago as gelling agents. They
found that the alternatives gelling agents were promoting
potato regeneration. Other researchers tried to prepare
the media by mix agar and other gelling agent at different
quantity. From Mohamed et al. (2009) study, combination
of agar with commercial corn and potato starch are
efficient for potato regeneration using nodal explants.
Maliro and Lamerck (2004) worked with cassava flour
and found that the gel was improved by mixing with some
agar. While, Zapata (2001) successfully reduced the cost
of banana tissue culture by mixing corn and potato starch
with gelrite as alternative gelling agent.
A large number of complex additives like coconut
water, banana pulp, peptone, tomato juice, slap honey
and beef extract, can be very effective in providing
undefined mixture of organic nutrients and growth factors
(Aktar et al., 2007). From the previous study, Rahman et
al. (2004) demonstrated that the addition of potato, corn
and papaya extract at various concentrations able to
enhanced the growth of the calli of the Doritaenopsis
orchid, and promoted the regeneration of protocorm-like
bodies (PLBs) from the calli. While Prakash et al. (2002)
explained plant extracts such as coconut milk, banana
extract, and tomato juice can be very effective in
providing undefined mixture of organic nutrients and
growth factors.
This study was undertaken to observe the interaction
effects of the modification of MS composition especially
the quantity of MS powder and different gelling agents
that are corn flour, rice flour, and cassava flour and
potato starch on shoots regeneration of Celosia sp. in
stem segment cultures. Attempts were made to evolve a
low cost micro-propagation technology by adopting low
cost substituent in the culture medium to make this
system can be applied as an approach in basic
educational of biotechnology.
MATERIALS AND METHODS
The study was carried out in the Laboratory B2.5, Institute of
Biological Sciences, Faculty of Sciences, University of Malaya,
Kuala Lumpur, Malaysia between June 2010 and March 2011.

Preparation of stock plants
In this experiment, explants used were seed of Celosia sp.
Preparation of stock plant was done in a clean and sterile condition.

Firstly, the seeds of Celosia sp were washed three times using
distilled water to remove impurities and microorganism on the seed
surface. Next, the seeds were soaked with 100% Clorox solution
(sodium hypochlorite) and added with two drops of Tween-20 for
five minutes. Then, seeds were shaken in 70% Clorox solution, 50,
30 and 20% for 2 to 3 min. Seeds of further rinsed with distilled
water and 70% alcohol for one minute. The last washing stage used
sterile distilled water for 4 to 5 times. Celosia sp sterile seeds were
cultured in basic MS medium alone. After a period of 6 to 8 (2
months-old) of Celosia sp weeks for growth, explants were
randomly selected for use as stock plantlets. In carrying out this
study, the stem segments of Celosia sp were used as explants.

Preparation of extract
The coconut water samples were taken directly from the young
coconut. Young coconuts are those that were harvested early. Their
meat is soft and chewy, and they still have their brown hairy husks.
Coconut water filtered to remove impurities from palm kernel,
coconut bark or coconut husk.

Preparation of culture media
Throughout the study, different strength of MS (Murashige and
Skoog, 1962) medium was used for the experiments. Half strength
MS (2.2 g/l MS powder) basal medium and medium without MS (0
g/l) were used as the initiation medium. Preparation of media as the
terms of basic medium by adding 30 g/l of household sugar , 100
g/l for gelling agent and 70 ml young coconut water that had been
prepared beforehand are added to the solution of basic medium.
The pH of the medium was adjusted to 5.8 using 0.1 N NaOH or 0.1
N HCl solutions prior to the autoclaving of the medium.

Culture conditions
In each vial which was filled with culture media, 2 cm explants of
stem segment were placed for the inoculation of Celosia sp. The
culture within 8 weeks were controlled under room condition which
are light intensity (1000 µmol/m2/s), temperature at 25 ± 1°C and 70
to 80% relative humidity and 16/8 h light/darks of photoperiod.

Experimental design
The number of shoots per explants was recorded every week for 8
weeks in culture. Thirty replicates were made and the mean of
replication were calculated. The data were subjected to analysis of
variance (ANOVA) using SPSS version 16 statistical package. The
values with p < 0.05 were considered as significant. The differences
mean number of shoot regeneration was contrasted using Tukey’s
test.

RESULTS
Throughout the study, different strengths of MS
(Murashige and Skoog, 1962) medium and variety of
alternatives gelling agent were reviewed. Combinations
of half strengths MS basal medium or medium without
MS substances interact with four different alternatives
gelling agent which were corn flour, cassava flour, rice
flour and potato starch. Stem segment explants were
cultured in media containing a half and without strength
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Table 1. Mean number of in vitro shoots regeneration derived from stem segment explants after
eight weeks cultured in media containing half strength MS and media without MS.

Alternative gelling agent
Corn flour
Cassava flour
Rice flour
Potato starch

Number of shoots regeneration
½ MS
0 MS
10.40 ± 5.86ab
4.16 ± 2.36ab
9.13 ± 4.88a
2.80 ± 1.86a
a
a
7.13 ± 4.76
3.43 ± 1.94
ab
ab
12.33 ± 7.27
3.90 ± 2.61

Values are means ± S.D. (n= 14) followed by the same letters are not significantly different at 5% level by
Tukey’s test.

concentration of MS in combination with 100 g/l of
alternative gelling agents and 70 ml/l coconut water.
Table 1 shows the number of shoots responses to in vitro
culture in using different quantity of MS supplement on
different type of alternative gelling agents. Result
reported the highest number of shoots produced using
combination of potato starch and ½ MS (12.33 ± 7.27)
showed in Figure 1 b was far more than the medium does
not contain MS (3.90 ± 2.61) as shown in Figure 2 b.
½ MS interaction with young coconut water plus corn
flour, rice flour, cassava flour and potato starch, respectively showed more effect on shoots regeneration of
Celosia sp. stems cultures over others at all medium
without the MS. The interaction showed no significant
difference (P>0.05) in the number of regenerated shoots.
DISCUSSION
½ MS medium in plant media culture showed more
response to shoot regeneration. This might be due to
nutrients composition, considered to be major sources of
variation in plant tissue culture (Khanna and Raina, 1998)
and higher nitrate, sulphate and relatively lower
phosphate content of ½ MS. Composition and quantity of
nutrients in MS medium have significant effects on rate of
cell growth, differentiation and cell totipotency. ½ MS
used in media culture represented the optimum quantity
and this result was approved by Kuntal et al. (2006) and
Kamla et al. (2009) but comparing with full strength of
MS.
As reported by Deb and Pongener (2010), agar
substance often used in plant tissue culture as supporting
agent, but because of the relatively high material costs
caused them to do research for alternative materials with
lower cost. Instead of high price of pure grade agar, there
are some doubts about its nontoxic nature that influenced
researcher to find alternatives material (Sharifi et al.,
2010). Pierik (1989) and Nagamori and Kobayashi (2001)
stated cheaper agar alternatives include various types of
starch and gums have been investigated in commercial
micro propagation. Commercial starch or flour are used
as a supporting agent containing a high amount of starch,
vitamin C and carbon sources (carbohydrates), and a low

amount of other minerals. However, the content of these
materials depends on the type of flour and variety of plant
that produce these. From the experiments carried out, it
clearly indicates organic and supporting substitutes are
easily available and there were a big different in cost as
stated in media 1 and 2 compared to the control media in
Table 2. With saving, the already low prices of alternatives gelling agent can be used as substitute in plant
tissue culture method.
Many undefined supplements such as organic additives
were employed in early tissue culture media and now it is
a common practice to improve the growth of in vitro. In
this present study, 70 ml of young coconut water was
supplemented in the media culture. The use of young
coconut water acts as a plant growth regulator that gives
a better response on plant tissue culture. According to
George (1993), coconut water is composed of many
amino acids, nitrogenous compounds, inorganic
compounds, organic acids, carbon sources, vitamins and
growth regulators such as cytokinin and auxin. Yong et
al. (2009) reported in their study that coconut water
contains mainly 94% of water and growth promoting
substances, but as specified by George (1993), it can
influence in vitro cultures. In a number of plant species,
regeneration improvement was achieved by augmenting
culture medium with coconut water (Maddock et al.,
1983; Mathias and Simpson, 1986; Al-Khayri et al., 1992;
Boase et al., 1993; Nasib et al., 2008). However, in view
of associated costs, the
use
of young coconut in
the preparation of 1 L culture media, there is no substantial savings when compared with the use of
hormones in the control media. The price of young
coconut water and hormones are the same as shown in
media 1 and 2 compared with media 3 in Table 2.
The carbon sources such as grade sucrose that is often
used in the micro-propagation of plants at laboratory
contribute about 34% of the production cost (Demo et al.,
2008). Sucrose has been reported as a source of both
carbon and energy (Bridgen, 1994). Sugar was sucrose
derived from sugar cane, in which the sucrose content in
sugar is a combination of a glucose molecule with a
molecule of fructose. Zapata (2001) cited in Kumara et al.
(2010) reported success in reducing by 90% the cost of
tissue culture banana trees are carried out due to the use
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Figure 1. In vitro regenerated shoots from stem segments of Celosia sp cultured in media (½ MS) with different
combination of; (a) 100 g / l corn flour + 70 ml/l young coconut water, (b) 100 g / l potato starch + 70 ml / l of young
coconut water, (c) 100 g/l rice flour starch + 70 ml / l of young coconut water, and (d) 100 g / l cassava flour + 70 ml / l
of young coconut water.

of sucrose being replaced with table sugar. The quality
and performance of plantlets grown on sucrose grade 1
and on local commercial sugar, specifically white and
brown sugar resulted in all the sources of carbon fostered
vigorous plantlet growth (Demo et al., 2008). Many
research laboratories have used table sugar in the plant
propagation medium (Kaur et al., 2005). Cost difference
between household sugar and laboratory grade sucrose

is quite big as shown in Table 2 and is about 97%
difference. For the fact that laboratory grade sucrose is
expensive, the use of 30 g/l household sugar can be
proposed replacing the 30g/l sucrose as a way to reduce
medium costs. Further studies should be conducted to
identify the use of sugarcane juice directly to replace
sugar as the induction factor of shoot regeneration. Buah
et al. (2011) reported that costs of providing culture
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Figure 2. In vitro regenerated shoots from stem segments of Celosia sp cultured in basis media (without MS)
with different combination of; (a) 100 g / l corn flour + 70 ml/l coconut water, (b) 100 g / l potato starch
+ 70 ml / l of young coconut water, (c) 100 g/l rice flour starch + 70 ml / l of young coconut water, and (d) 100
g / l cassava flour + 70 ml / l of young coconut water.

media using sugarcane juice are cheaper than using
laboratory grade sucrose.
The replacement of medium components including
quantities of MS powder can reduce costs to medium
preparation. In a study conducted on Celosia sp, the
physiological effects are not observed on the formation of
shoots in media containing a replacement for the current
period of explants culture. From the observation, all the

shoots produced during the culture period are in good
health. Referring to the medium cost and the number of
shoots regeneration obtained from Celosia sp stem
segments cultures, the cost options of media ingredients
with half strength MS and combination with alternative
gelling agents such as corn flour, rice flour, cassava flour
and potato starch, and young coconut water used during
this study can be utilized in cultures of any other species.
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Table 2. Comparison of medium costs to preparing one liter of medium.

Medium

1
Young coconut water ** + ½ MS powder +
gelling agent (CF, RF, CvF and PS) +
household sugar.

2
Young coconut water + gelling agent(CF, RF,
CvF and PS) + household sugar (without MS
powder)

3 (control)
MS powder + 2.0 mg/L BAP + 1.0 mg/L
NAA + vitamins + agar + laboratory
grade sucrose

Cost (RM)*

1.00 + 16.50 + (CF = 0.30; RF= 0.40;
CvF= 0.30; PS= 1.50) + 0.07

1.00+ (CF = 0.30; RF= 0.40; CvF= 0.30; PS=
1.50) + 0.07

33.00 +0.24+ 0.003 + 0.28+ 4.48 + 2.70

Cost
(RM)*
with
different gelling agent

i. CF = RM 17.87
ii. RF = RM 18.01
iii. CvF = RM 17.87
iv. PS = RM 19.07

i. CF = RM 1.37
ii. RF = RM 1.51
Iii. CvF = RM 1.37
iv. PC = RM 2.57

RM 40.70

Highest
number
shoots regenerated

i. CF= 10.40 ± 5.86
ii. RF = 7.13 ± 4.76
iii. CvF =9.13 ± 4.88
iv. PS= 12.33 ± 7.27

i. CF = 4.16 ± 2.36
ii. RF = 3.43 ± 1.94
iii. CvF =2.80 ± 1.86
iv. PS= 3.90 ± 2.61

15.50

Combination

of

± 1.67

CF =Corn flour; RF= Rice flour; CvF= Cassava flour; PS = Potato starch. *RM – Ringgit Malaysia. **Means cost of coconut water = RM 1.00. ***Cost of household sugar = RM 2.30/kg.
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