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ABSTRACT 

Brachylaena huillensis (Silver Oak) is a multipurpose timber tree species in the family of Asteraceae. There has been a 
very high demand for B. huillensis wood and its products leading to overexploitation. B. huillensis regenerates through 
seedlings. However, it produces seeds with poor germination. Seeds are also difficult to be collected because of small 
size. Many are eaten by insects and currently there is a lack of seed bank. The facts that have hindered and rendered the 
natural regeneration of the tree species were uncertain. The present investigation was carried out to develop sanitation 
protocol of B. huillensis using leaves as explants. Juvenile leaves from the tips of B. huillensis naturally growing seed-
lings were collected from Bombo West Forest Reserve in Tanzania. The leaves were washed and immersed in NaOCL 
containing various concentrations levels and two drops of tween 20. There was significant difference between the con-
centrations levels employed. However, the best results were obtained when leaf explants were immersed in 1.5% v/v 
NaOCL for ten minutes and later in ethanol for ten seconds and cultured on woody plant media medium containing an-
tifungal (cefotaxime). Genuinely, the protocol is vital and so opens up the way for other subsequent stages for in vitro 
propagation of B. huillensis. 
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1. Introduction 

Brachylaena huillensis or Silver Oak is a multipurpose 
timber tree species in the family of Asteraceae [1,2]. 
There has been a very high demand for B. huillensis 
wood and its products leading to overexploitation. It is a 
threatened tree species [3,4]. The species is suitable for 
timber and carving artefacts [5], charcoal, essential oil, 
[5-7], sleepers, flooring blocks, furniture, and turnery [8]. 
Moreover, due to its durability, the species is used as 
fence posts, building poles, transmission poles, orna-
mental and medicine for schistosomiasis and leaves for 
diabetes [6]. The Silver Oak is illegally exploited for 
timber, charcoal, transmission poles, carving, building 
poles, fencing posts, ornamental, medicine, perfumery 
and toilet preparations, sleepers, flooring blocks, furni-
ture, and turnery [7-9].  

B. huillensis regenerates only through seedling and 
produces seeds with poor germination, seeds are also  

difficult to be collected because of small size. Many are 
eaten by insects and currently there is a lack of seed bank 
[5]; the facts that have hindered and rendered the natural 
regeneration of the tree species were uncertain. A num-
ber of endangered and threatened species have been suc-
cessfully regenerated using in vitro culture methods using 
shoot tips, leaves, and leaf bases [10]. Nonetheless, so far 
in vitro propagation in B. huillensis is not yet in place. In 
vitro culture offers an alternative tool for rapid multipli-
cation of disease free propagules in a short period, which 
will further enable both conservation and uninterrupted 
supply of wood and their products for this tree species.  

In vitro propagation technique for plants involves 
various steps i.e. selection of explants, its sterilization 
and establishment and shoot proliferation and production 
of in vitro plant lets. The first condition for the success of 
a culture is asepsis. The maintenance of aseptic (free 
from all microorganisms) or sterile conditions is essential 
for successful tissue culture procedures. To maintain an  *Corresponding author. 
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aseptic environment, all culture vessels, media and in-
struments used in handling tissues, as well as explant 
itself must be sterilized. The importance is to keep the air, 
surface and floor free of dust. All operations should be 
carried out in lamina airflow sterile cabinet [11]. Sterili-
zation is the process of making explants contamination 
free before establishment of cultures. Various steriliza-
tion agents are used to decontaminate the tissues. These 
sterilants are also toxic to the plant tissues. Hence proper 
concentration of sterilants, duration of exposing the ex-
plant to the various sterilants, and the sequences of using 
these sterilants have to be standardized to minimize ex-
plants injury and achieve better survival. The disinfec-
tants widely used are sodium hypochlorite calcium hy-
pochlorite and ethanol [12]. Among these, hypochlorite 
is known to be a very effective killer of bacteria. Even 
micromolar concentrations are enough to reduce bacterial 
populations significantly. Essentially, since in vitro pro- 
pagation of B. huillensis is not yet developed, definitely 
its sterilization protocol is lacking. So, the present study 
was undertaken to develop efficient and reproducible 
sanitation protocol for B. huillensis explants for in vitro 
propagation. 

2. Materials and Methods 

2.1. Plant Material  

Plant materials were obtained from the healthy naturally 
growing seedlings in Bombo West Forest Reserve (BW- 
FR). The BWFR is located in Korogwe district, Tanga 
region. The reserve lies between latitude 4˚52′ and lon-
gitude 4˚47′ S and 38˚39′ and 38˚43′ E. It is situated 60 
kilometres from Korogwe town on Lwengera valley 
about 380 m to 680 m above sea level [13]. Alternatively 
it is 83 kilometres from Tanga town through Tanga— 
Mashewa road via Maramba. The reserve is owned by 
the central government; it was gazetted in 1959 with a 
Government Notice (GN) 1 of 1959 and has an area of 
3523.5 ha [14]. 

2.2. Explants Source 

The second pair of leaves from the tips B. huillensis 
seedlings was the source of explants material that was 
collected from the healthy naturally growing seedlings in 
Bombo West Forest Reserve in early May 2013. The tip 
leaves were chopped from the naturally growing seed-
lings and then preserved in a cool box with ice blocks 
and transported to Mikocheni Agriculture Research In-
stitute (MARI) laboratory in Dar es Salaam where this 
research was carried out. The leaves spent twenty four 
hours on transit before culture initiation. 

2.3. Surface Sterilization of the Explants 

In the laboratory, the leaves were placed in a bottle con-

taining distilled water. The water contained two deter-
gents, namely liquid soap and tween-20, which enhance 
the effectiveness of the disinfectant by breaking the sur-
face tension between water and the plant tissues. For 
effectiveness, the explants in the solution were agitated 
continuously for 5 minutes, later the leaves were rinsed 
four times with distilled water. The bottles containing the 
already washed leaves were transferred to the transfer 
room (lamina flow) and immersed in sodium hypochlo-
rite (NaOCl-3.85) at four concentration levels (0.8%, 
1.2%, 1.5%, & 1.9% v/v) with two drops of tween-20 for 
10 minutes. Subsequently the leaves were rinsed four 
times with sterile distilled water and later dipped in 70% 
ethanol for 10 seconds. Thereafter, the leaves were rinsed 
four times using sterile distilled water before culturing 
for callus induction. The sterilized explants were trim- 
med suitably to remove sterilizing agent affected parts. 
Leaf discs of about 1 square centimeter with and without 
midrib were sliced from the sterile leaves and cultured. 

2.4. Inoculation 

The media was composed of basal woody plant medium 
(WPM) [15] with full strength supplemented with anti-
fungal namely cefotaxime 0.03 mg/liter in the medium 
after cooling to body temperature. The pH of the medium 
was adjusted to 5.6 before autoclaving at 121 degrees 
centigrade. The surface sterilized explants (leaf discs) 
were inoculated on the WPM medium abaxial side in 
contact with the medium (right side up) and labeled 
properly. Each petri dish (sterile) with 20 ml of the WPM 
medium contained five explants. Four replications with 5 
explants in each were maintained for each treatment and 
20 explants in each treatment were evaluated. The culture 
without sodium hypochlorite treatment served as a con-
trol. The cultures containing the explants (leaf discs) in a 
petridish were kept in a growth room at a temperature of 
25 ± 2 degrees centigrade, 60% - 70% relative humidity 
and white fluorescent light with a 16-h photoperiod. 
Contamination was evaluated for 15 days after the first 
incubation. The number of uncontaminated explants was 
counted. 

2.5. Statistical Analysis  

Five explants (leaf discs) were placed into each petri dish. 
Twenty explants were established in each treatment. 
Each treatment was replicated 4 times. Records of clean 
and live leaf discs were observed for 15 days. The num-
bers of clean and live leaf discs were determined. The 
obtained data were subjected to STATISTICA program 
and analyzed using one-way analysis of variance (ANO- 
VA). The means are reported with standard errors. The 
fisher least significance difference (L.S.D.) was used to 
compare treatment means at p = 0.05 level of signifi-
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cance [16]. 

3. Results 

The leaves discs of B. huillensis could be sterilized by 
immersing them in sodium hypochlorite at various con-
centrations for ten minutes and in ethanol for ten seconds. 
Four different concentration levels of NaOCl (0.8%, 
1.2%, 1.5%, & 1.9% v/v) were used in this sterilization 
experiment. Continuous monitoring was carried out for 
fifteen days while the explants were in the culture media. 
Obtaining clean cultures from the leaf discs of B. huil-
lensis was problematic. However, addition of antifungal 
(cefotaxime) 0.03 mg/liter in the medium noticeably im-
proved the percentage of clean cultures (Figure 1(b)). 
Fungal contamination was observed as hyphal growth 
from the explants, and bacterial contamination was iden-
tified by observing colonies, seen as watery or slimy 
buildups on the agar surface. Still a substantial number of 
leaf cultures were contaminated when only ethanol and 
NaOCl were used (Figure 2(b)). The results of the pre- 
sent study showed that most explants in the control group 
were contaminated after a few days, giving a contamina-
tion rate for the control group of 100% by day 5 (Figure 
1(b)). The best sterilization was achieved by immersing 
the explants in 1.5% v/v NaOCl for 10 minutes followed 
by ten seconds dipping in 70% ethanol (Table 1). Also 
the results showed that there is a significant (p = 0.05) 
difference between the concentration levels of NaOCl at 
(0.8%, 1.5%, & 1.9% v/v) treatment. Though, there was 
no significant difference between the concentration lev-
els of NaOCl (0.8%, 1.5%, & 1.9% v/v) and 1.2% v/v). 
Generally, the results showed that lower concentration 
had poor response; the same was the case for high con-
centration of NaOCl (Table 1). 

Values represent means ± standard error. Means fol-
lowed by the same later(s) within column are not signifi-
cantly different at p = 0.05 according to Fisher’s Least 
Significance difference. 
 

 

 
(a)                          (b) 

Figure 1. (a) & (b) (a) Cultured leaf explants of B. huillensis 
(cefotaxime); (b) Contaminated leaf explants of B. huillensis 
in the control group. Photos by: Cosmas Ndakidemi, 2013. 

 

 
(a)                          (b) 

 
(c)                          (d) 

Figure 2. Leaf explants of B. huillensis treated with sodium 
hypochlorite at various concentrations. (a) Initiated leaf ex- 
plants B. huillensis of on woody plant media; (b) Conta- 
minated dead leaf explants B. huillensis of treated with so- 
dium hypochlorite (0.8%); (c) Live and clean leaf explants 
of B. huillensis uncontained treated with 1.5% (optimal) 
sodium hypochlorite; (d) Live and clean leaf explants of B. 
huillensis callusing on a woody plant media following suc- 
cessful sterilization. Photos by: Cosmas Ndakidemi, 2013. 
 
Table 1. Effects of ethanol and NaOCl in the sterilization of 
B. huillensis leaf discs. 

Sterilization with NaOCl at different 
concentration (% v/v) 

Live and clean explants

0.8 1.0 ± 0.8 b 

1.2 2.5 ± 1.3 ab 

1.5 4.5 ± 0.6 a 

1.9 2.0 ± 2.2 b 

P-Value 0.021 

4. Discussion 

Plant tissue culture is a system of growing plant cells, 
tissue or organs that have been separated from the mother 
plant (called explants) in artificial medium under aseptic 
condition [17]. In this study, the protocol for sterilization 
of leaf explants of B. huillensis has been developed using 
NaOCL, ethanol and surfactant tween 20 and addition of 
antifungal i.e. cefotaxime. The results of this study re- 
vealed that all explants in the control group were con- 
taminated after five days of inoculation (Figure 1(b)). 
Apparently, it is an obvious result for explants collected 
from naturally grown plants. [13,18,19] found that the 
use of field grown plants as direct sources of explants for 
the production of “clean” in vitro plantlets, presents a 
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major challenge in in vitro cultures. Also, Mathias, [20] 
established that the incidence of bacterial and fungal con- 
tamination was higher in explants taken from their 
natural environments. This is because the surface of 
plants carries a wide range of microbial contaminants. 
Micropropagation of field-grown woody plants can be 
more difficult because of contamination and exudates 
from cut woody stems [21-24]. Also the contaminants 
can be present in the explants (endophytic) or can be 
reintroduced from poor aseptic handling, unhygienic con- 
ditions in the laboratory or from laboratory instruments 
[19]. However, explants contamination depends on several 
plant and environmental related factors such as species, 
age, explant source and prevailing weather condition [13]. 
[19] found that leaves collected from greenhouse-grown 
plants had low levels of contamination. Furthermore, 
young leaves may be less contaminated compared with 
mature ones. Thus, it is suggested that prudent selection 
of explants from the healthy parent plants coupled with 
an effective surface sterilization method should be the 
goal in avoiding culture contamination. So, to avoid this 
source of infection, the explants must be thoroughly sur- 
face-sterilized using various sterilant agents before in- 
oculating them onto nutrient medium [25]. The problem 
is exacerbated when explants are sourced directly from 
field grown plants [18]. 

In the present study, sodium hypochlorite at various 
concentration and ethanol was employed in all experi- 
ments. [12] showed that the disinfectants widely used are 
sodium hypochlorite calcium hypochlorite, ethanol, mer- 
curic chloride, hydrogen peroxide, silver nitrate and bro- 
mine water. Among these, hypochlorite is known to be a 
very effective killer of bacteria; even micromolar con- 
centrations are enough to reduce bacterial populations 
significantly. [26] showed that Sodium hypochlorite pro- 
duced the highest reduction in bacterial and fungal conta- 
mination at time intervals between 20 - 45 minutes. [27] 
concluded that the use of locally produced bleach con- 
taining 3.85% hypochlorite for 30 min is as effective. 
Consequently, we would recommend its usage because 
of its simplicity and economy. [28] established that the 
common sterilizing agents like sodium or calcium hypo- 
chlorite (5% - 10%) and ethyl alcohol (50% - 95%) are 
used to exclude the surface contaminants by washing in 
the appropriate solution for 10 - 25 min. Sodium hypo- 
chlorite, usually purchased as laundry bleach is the most 
frequent choice for surface sterilization. It is readily avai- 
lable and can be diluted to proper concentrations. A ba- 
lance between concentration and time must be deter- 
mined empirically for each type of explant because of 
phytotoxicity [27]. 

Ethanol is a powerful sterilizing agent but also extre- 
mely phototoxic. Therefore, the explant is typically ex- 
posed to it for only a few seconds or minutes. To enhan- 

ce effectiveness in sterilization procedure, a surfactant 
like Tween 20 is frequently added to the sterilizing solu- 
tion (and in some laboratories a mild vacuum is applied 
during the procedure). In general, the sterilizing solutions 
containing the explants are continuously stirred during 
the sterilization period [29].  

In the present study, NaOCL and ethanol were succes- 
sfully used for sterilization protocol for B. huillensis leaf 
explants. These sterilants are preferred due to their 
availability and economic merits. Similarly, these steri- 
lants have been used in many studies for sterilization of a 
wide of plant explants for in vitro cultures successfully. 
Some studies of which NaOCL and ethanol have been 
used successfully include [12,26,30-32] among others.  

In the present study, the best results were obtained 
when leaf explants were immersed in 1.5% for ten mi- 
nutes and later in 70% ethanol for ten seconds. The re- 
sults do not agree with many studies especially those 
carried out in herbaceous plants. Basically, requirements 
on the concentration and time of exposure differ from 
one plant to another and for different parts of plants de- 
pending on their morphological characters like softness 
/hardness of the tissue [29]. Mostly, many plants (woody 
plants inclusive) appear to have microbial contamination 
within the vascular system and other tissues [33]. Essen- 
tially, surface sterilization of woody plant explants for in 
vitro culture is comparatively a difficult step in culture 
initiation due to its nature and the environment in which 
they are grown. Another feasible reason may be due slow 
growth in woody plants, the longer life span of trees may 
add to the problem of contamination in vitro by the 
symbiotic association of microorganisms. [15] found that 
the growth rates of shoots and other tissues such as callus 
of woody plants in microculture are usually slower than 
observed with herbaceous plant. In a study by [28] it was 
observed that phase change or maturation in woody 
plants not only results in changes in growth behavior, but 
results in increased difficulty in vegetative propagating 
selected individuals. This slow growth can complicate all 
stages of microculture. Thus, as observed in this study, 
the sterilization process obviously could be difficult in 
woody plants compared with herbaceous plants [34-36]. 

The results of the present study showed that treatment 
with low concentration of NaOCl had poor response; 
likewise an increase in concentration of NaOCL had 
adverse effect on the cultured explants (Table 1). Possi- 
ble reason for ineffective results in low concentration 
may be due to the fact that the plant under study is 
woody in nature and also the explants were collected 
from their natural environment. Regarding to poor re- 
sponse in high concentration of NaOCL, the probable 
reasons could be due to the fact that the sterilants are also 
toxic to the plant tissues. [29] observed that proper con- 
centration of sterilants, duration of exposing the explants 
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to various sterilants, the sequences of using these steri- 
lants has adverse effect so sterilants need to be standar- 
dized to minimize explants injury and achieve better 
survival. The results showed that there is a significant 
difference between the employed concentration levels of 
NaOCL except for 1.2%. In this case, the plausible cause 
may be due to the fact that different explants need diffe- 
rent level concentration for sterilization. The finding is in 
line with a study by [29] which found that requirements 
on the concentration and time of exposure differ from 
one plant to another and for different parts of plants de- 
pending on their morphological characters like softness/ 
hardness of the tissue.  

In an attempt to obtain clean in vitro cultures, sources 
of contamination other than surface contaminants need to 
be considered. Systemic contaminants, for example, are 
not killed by surface sterilization [19]. Because of that, a 
systemic fungicide such as Benomyl can be helpful to 
control the incidence of internal fungal infection in 
explants. In the present study, antifungal cefotaxime was 
added in the medium. Essentially, the addition of antifun- 
gal (cefotaxime) 0.03 mg/liter in the medium noticeably 
improved the percentage of clean cultures. The finding 
of this study concurs with many studies of this nature, 
among others the studies include those conducted by; 
[37-39]. Also, [40] found that pre-sterilization using 
0.2% Benomyl for 15 minutes improved the number of 
“clean and alive” individuals of all types of explants, 
especially when followed by surface sterilization. 

5. Conclusion and Recommendations 

The present study has developed sterilization protocol for 
B. huillensis leaf explants in in vitro culture. Since the 
plant under study was woody in nature, it involved 
addition of fungicide. Significant difference between the 
concentrations levels of NaOCL was noticed. However, 
the study revealed that immersing leaf explants of B. 
huillensis in NaOCL in 1.5% v/v for ten minutes and 
later in 70% ethanol for ten seconds with addition of 
fungicide, cefotaxime produced the best results. Funda- 
mentally, this protocol offers a way forward for in vitro 
propagation of this tree species. It also opens up ways for 
further stages of in vitro culture in B. huillensis and 
proposes further research on important woody plant 
species in the family of Asteraceae. 
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