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fermentation is also used as a condiment in various cur-
ries. The shelf-life of bastenga is up to 2 years, with 
proper measures of handling the shoots while fermenting. 
The Ao Naga tribe believes that use of hands should be 
avoided while fermenting; alternatively a spoon could be 
used. Also, the local people believe that only an expert 
should be involved in processing the bamboo shoots as 
the quality of the product may degrade or cause spoilage 
(oxidation) due to careless handling. The locals believe 
that bastenga has properties that neutralizes certain aller-
gens that may be present while cooking; however, exces-
sive use leads to stomach ailments owing to its acidic 
nature. The brine/juice is used as a stimulant to treat bee 
stings. 
 ‘Generous heart, generous plate’ is the story of every 
Naga kitchen. Bastenga marks its popularity in the tribal 
homes, which is evident by the markets that continue to 
thrive in the region. The overlapping of traditional  
methods of preparation among the various tribes could be 
due to the availability of similar resources in the region. 
However, the selective taste on traditional gastronomy 
contributes to strengthening culinary culture and fermen-
tation techniques in Nagaland. 
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The growth of Actinobacteria was evaluated in a new 
modified nutrient agar media (MNA) supplemented 
with 1% sodium chloride (NaCl) and compared with 
the universally accepted media which are under regu-
lar use. Thirteen different Actinobacterial isolates 
were evaluated for their growth in both solid and liq-
uid media in MNA along with four regularly used me-
dia ISP-2, kenknight, starch casein and nutrient 
media. Results indicated that eight isolates (Strepto-
myces bulli, Streptomyces griseorubens, Streptomyces 
viridobrunneus, Streptomyces A3, Streptomyces A7, 
Streptomyces A11, Streptomyces A12 and Streptomyces 
A13), out of thirteen isolates could grow significantly 
faster on MNA compared with other solid agar media. 
Similarly, growth in liquid media recorded by optical 
density (OD) indicated that three isolates (S. griseoru-
bens, S. viridobrunneus and A7) showed significantly 
higher OD followed by ISP-2, nutrient, starch casein 
and kenknight broth after seven days of incubation. 
All the isolates except S. viridobrunneus and Strepto-
myces A12 could tolerate NaCl concentration upto 6% 
in liquid modified nutrient broth. The present study 
showed that Actinobacteria can be successfully grown 
faster with full pigmentation at 1% NaCl concentra-
tion and they can tolerate up to 5% NaCl concentra-
tion, in the new proposed MNA media. 
 
Keywords: Actinobacteria, modified nutrient agar  
media, optical density, sodium chloride.  
 
PREPARATION of suitable culture medium is one of the 
prerequisites to study microorganisms and for their com-
mercial exploitation. Selection of the medium is essential 
for isolation and multiplication. Bacterial media can be 
simple or complex synthetic media, where they vary in 
nutritional make-up. Different microorganisms thrive at 
different environments and have variety of growth re-
quirements – like pH, osmotic conditions, nutrients and 
temperature. Due to lack of sufficient variability of media 
composition, replication of the exact environmental con-
ditions in the laboratory and in commercial multiplication 
is difficult1. Several selective and differential media have 
been formulated, with varying components that differen-
tiate one group of organism from another, for example, 
MacConkey Agar and Blood Agar. Supplementing with 
additional specific components, alternative media were 
prepared to help in further selective culturing of bacteria. 
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For example, for cultivating mycobacteria, Petergnani 
medium and Dorset medium are used. Dorset medium 
consists of egg white and egg yolk and a solution of  
sodium chloride (NaCl)2. Essentially, life is connected 
with the growth phenomenon which can be viewed scien-
tifically by cellular level underlying increase in length, 
volume, division and replication. On the other hand, 
growth phenomenon can be viewed with the increase in 
number of individuals which indicates the population 
size3. For any commercial production of cultures, surviv-
al and uninterrupted growth is essential. This depends 
upon an adequate supply of nutrients and a favourable 
growth environment4. Actinobacteria are group of micro-
organisms which are slow growing and need complex 
media for their growth and cultivation. The usual recom-
mended media for cultivation of Actinobacteria are Inter-
national Streptomyces Project (ISP) media, kenknight 
media (KK) and starch casein agar (SCA) media. Actino-
bacteria are grown on commercial scale for the produc-
tion of antibiotics. Their exploitation in agriculture as 
growth promoters and nutrient mobilizers is also on the 
rise. Recently, it was reported that these Actinobacteria 
also produce plant growth promoting attributes5,6 such as 
plant growth hormones (IAA and GA3), phosphate solubi-
lization, siderophore production and chitin degrading ac-
tivity. Hence, they found profound use in industrial 
production. However, one of the drawbacks in Actinobac-
terial cultivation is its slow growth and need of complex 
compounds in traces for which media preparation is time 
consuming. At present nutrient agar a basic culture  
medium is in use for the cultivation of bacteria. Its use in 
Actinobacteria multiplication is not available. Reports 
however, are available on the growth of Actinobacteria 
on complex media. Hence, the present study was initiated 
to find alternative simple media which provides basic  
nutrients for faster growth of Actinobacteria. 
 Thirteen different Actinobacteria isolates were col-
lected from the culture repository of the Soil Microbiology 
Lab, Division of Soil Science and Agricultural Chemi-
stry, ICAR-Indian Institute of Horticultural Research, 
Bengaluru, India for this study. Among these, three were 
in use as biofertilizer consortium, viz. Streptomyces bulli, 
Streptomyces griseorubens and Streptomyces viridobrun-
neus, and ten were new Streptomyces isolates (A1–A7 
and A11–A13).  
 Five media were tested for comparative studies on 
growth of Actinobacteria. Among the five media, nutrient 
agar media (NA) and four commonly used media namely 
ISP media, KK media, SCA media were tested for com-
parison studies, the composition of which are provided in 
Table 1. 
 A test media was prepared with modification in the 
composition of basic nutrient agar (MNA). The ingre-
dients added in MNA media per 100 ml are as follows: 
Peptone – 0.5 g; yeast extract – 0.3 g; NaCl – 1%. The 
composition of MNA media was modified by replacing 

beef extract with yeast extract and increased the NaCl 
concentration from 0.5% to 1.0%. The pH was adjusted to 
7.0.  
 The growth of thirteen Actinobacterial isolates were 
tested in vitro in both liquid and solid agar medium. The 
experiment was conducted in two replications. In agar 
plate assay, a loopful culture of Actinobacteria (24 h old) 
was streaked on all the five media plates and incubated at 
30°C for 48 h and the growth was assessed. In liquid 
broth assay, a well grown loopful culture of Actinobacte-
ria was inoculated aseptically into 100 ml flasks contain-
ing 50 ml of respective media and incubated at room 
temperature for seven days. The cultures were also as-
sessed for salt (NaCl) tolerance on modified nutrient 
broth by inoculating cultures at different concentrations 
of NaCl (2%, 3.0%, 4.0%, 5.0% and 6.0%) and the toler-
ance was assessed based on the growth of cultures after 
seven days of inoculation. 
 After seven days of incubation, the thick mat of culture 
broth was first sonicated (PCi Analytics, 500F) to obtain 
a uniform suspension of Actinobacterial growth. Then 
this clear and uniform suspension was taken in clean  
cuvettes and its optical density (OD) was measured at 
600 nm (OD600) by UV-VIS spectrophotometer. The 
OD600 values were recorded in inoculated and uninocu-
lated flasks.  
 The results on the growth of Actinobacteria on differ-
ent media, viz. MNA, ISP-2, SCA, KK and NA are pre-
sented in Table 2. After 72 h of incubation, eight isolates,  
 
 

Table 1. Formulation and composition of the media

 g l–1 
 

ISP-2 media  
 Dextrose 4.0 
 Yeast extract 4.0 
 Malt extract 10.0 
 Agar 20.0 
 pH 7.0 
Kenknight Agar  
 Dextrose 1.0 
 KH2PO4 1.1 
 NaNO3 0.1 
 KCl 0.1 
 MgSO4 0.1 
 Agar 20.0 
 pH 7.0 
Starch Casein Agar  
 Soluble Starch 10.0 
 Casein 1.0 
 Agar 20.0 
 pH 7.0 
Nutrient agar  
 Peptone 5.0 
 Beef Extract 3.0 
 NaCl 5.0 
 Agar 20.0 
 pH 7.0 
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Table 2. Growth of Actinobacteria on different media 

  Growth of Actinobacterial isolates 
  

 
Different  
media 

 
Physical  

state of media 

Strepto-
myces 
bulli 

 
Streptomyces 
griseorubens 

 
Streptomyces  

viridobrunneus 

Strep-
tomyces 

A3 

Strep-
tomyces 

A7 

Strepto-
myces 
A11 

Strepto- 
myces 
A12 

Strepto-
myces 
A13 

 

MNA Solid agar ++++ +++ ++++ ++++ ++++ ++++ ++++ ++ 
 Liquid broth ++ ++ ++++a ++++ ++++b +++ ++++ +++ 
ISP-2 Solid agar ++ ++ ++ +++ ++ +++ ++++ ++ 
 Liquid broth + + ++ ++++ ++ ++ + ++++ 
KK Solid agar ++ + ++ ++ ++ + + + 
 Liquid broth +++ +++ ++ ++ ++ +++ +++ ++ 
SCA Solid agar ++ + ++ + + – + – 
 Liquid broth ++++ + +++ – ++ ++ ++ + 
NA Solid agar – – + ++++ ++++ +++ +++ ++ 
 Liquid broth + + ++ ++++ +++ +++ +++ ++ 
++++, Excellent; +++, Good; ++, Medium; +, Normal; –, No growth. 
aRetained green colour of respective culture; bRetained brown colour of respective culture. 

 
 

 
 

Figure 1. Cultural characteristics of the Actinobacteria grown on new (MNA) medium for 48 h at 30°C. (Note: 
Brown pigment production by Streptomyces A7 isolate was observed only on MNA plate.)

 
 

 
 
Figure 2. Growth of the isolate Streptomyces A7 in different media 
broth after 4 days at 30°C. (Note: Brown pigment production by A7 
isolate was observed only in MNA broth.) 
 
 
viz. S. bulli, S. griseorubens, S. viridobrunneus, Strepto-
myces A3, Streptomyces A7, Streptomyces A11, Strepto-
myces A12 and Streptomyces A13, were able to grow 

well on MNA, ISP-2 and KK agar media compared with 
SCA and NA media. Further, all the three commercial 
cultures (S. bulli, S. griseorubens and S. viridobrunneus) 
grew well within 24 h on MNA, whereas the same cul-
tures took 48 h to attain similar growth on commonly 
used KK agar for mass production. Seven isolates recorded 
excellent growth in MNA plates and medium growth in 
one isolate (Streptomyces A13) compared with any other 
tested media (Figure 1). The remaining five isolates 
showed growth only in MNA plates and no growth in any 
of the other tested media (data not shown). 
 Significant growth of Actinobacterial cultures (Strep-
tomyces A3, Streptomyces A7, Streptomyces A11, Strep-
tomyces A12 and Streptomyces A13) was observed in 
MNA liquid media followed by ISP-2 and KK agar media 
(Figure 2). Eight isolates showed good turbid growth  
in MNA liquid broth during the incubation period. 
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Table 3. Tolerance of Actinobacterial cultures to different NaCl concentrations on modified nutrient broth 

Actinobacteria NaCl 2% NaCl 3% NaCl 4% NaCl 5% NaCl 6% 
 

S. bulli ++++ ++++ +++ ++ + 
S. griseorubens +++ +++ +++ + + 
S. viridobrunneus ++++ ++++ ++ ++ – 
Streptomyces A3 ++++ ++++ ++++ ++ + 
Streptomyces A7 ++++ +++ ++ ++ + 
Streptomyces A11 +++ +++ ++ + – 
Streptomyces A12 ++++ ++++ +++ ++ + 
Streptomyces A13 +++ +++ ++ ++ + 
Data shown is the result of two replications. 
++++, Excellent; +++, Good; ++, Medium; +, Normal; –, No growth. 

 

 

 
 
Figure 3. Growth of the Actinobacteria in new MNA liquid broth 
after 4 days at 30°C. 
 
 

 
 
Figure 4. Effect of new modified nutrient agar on Actinobacterial 
growth. 
 
 
Interestingly, cultures of S. viridobrunneus and Strepto-
myces A7 could retain the colony colour of green and 
brown respectively, which was absent in other media 
broth (Table 2). The production of dark brown pigmenta-
tion in Streptomyces A7 inoculated in new MNA broth 
was intense which was completely absent in other media 
broth (Figures 2 and 3). The commercial cultures S. bulli 
and S. griseorubens showed no growth in nutrient  
agar whereas A11 and A13 did not grow on SCA media 
(Table 2).  
 Tolerance of Actinobacterial cultures at different con-
centrations of NaCl (Table 3) showed that the commer-

cialized cultures of S. bulli, S. griseorubens and other 
Streptomyces spp., like Streptomyces A3, Streptomyces 
A7, Streptomyces A12 and Streptomyces A13 could  
tolerate NaCl concentration up to 6%, whereas S. virido-
brunneus and Streptomyces A11 could tolerate NaCl con-
centration upto 5% on MNA broth. 
 Actinobacterial culture growth measured spectropho-
tometrically after seven days of incubation, showed vari-
able OD600 values (Figure 4). Among the eight isolates 
grown in MNA broth, three cultures of S. griseorubens, 
S. viridobrunneus and Streptomyces A7 recorded signifi-
cantly higher OD600 values of 0.82, 0.57 and 0.70 com-
pared with other media. Whereas the cultures S. bulli 
(1.02) and Streptomyces A13 (1.36) also showed signifi-
cantly higher OD600 when compared with other media  
except in ISP-2 media (Figure 4). The lowest OD600 were 
recorded in cultures grown on nutrient broth, kenknight 
and starch casein broth. 
 The new modified nutrient agar media (MNA) recorded 
good growth within relatively short time in terms of opti-
cal densities and visible growth indicating that the new 
media is most suited for the growth of these Actinobacte-
ria. It was also found that the rapid growth observed in 
the MNA medium might be due to the increased concen-
tration of NaCl (1%) which explains the need of sodium 
requirement for Actinobacterial growth. Similar observa-
tions were made by some researchers with respect to  
sodium requirement for bacterial and Actinobacterial 
growth7–9. Sistrom9 observed the rapid growth of Rho-
dopseudomonas spheroides after adding a little NaCl to 
the medium containing an artificial mixture of amino  
acids. MacLeod et al.8 mentioned that two of the non-
marine bacteria examined by him required sodium. Some 
of the earlier studies on the beneficial effect of sodium on 
the growth of Bacillus subtilis7 and Escherichia coli10 

were difficult to evaluate because of the complexity of 
the basal media used. Among the blue–green algae, spe-
cies of Synechococcus, Chroococcus and Oscillatoria11 
and Anacystis and Anabaena12 have been shown to require 
sodium for growth. The same is probably true for Micro-
cystis aeruginosa13. In our study Actinobacterial cultures 
showed optimum growth at 1% NaCl concentration and 
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exhibited tolerance up to 6% concentration. Similarly, 
studies on marine Actinomycete Streptomyces rochei 
(MTCC 10109) showed optimum growth at 2% NaCl14, 
but exhibited maximum tolerance up to 6% NaCl. Al-
though, Actinomycetes can use variety of organic  
nutrients, often special media are preferable15. Similar 
studies by Bhave et al.16 on isolate of Streptomyces radi-
opugnans strain MTCC5447 from Antarctica soil showed 
the requirement of NaCl up to 3% (w/v) for its proper 
growth. Recent work by Manal17 on isolation of halophilic 
Actinobacteria on a new starch, glucose, yeast extract 
(SGY) media supplemented with 10% NaCl reported 
highest growth within short period of incubation when 
compared to other traditionally used culture media. Simi-
larly the new MNA media developed and tested in this 
study also proved effective for growth and multiplication 
of Actinobacterial cultures. 
 The present study revealed that the components in new 
MNA medium enhanced and stimulated the growth of 
Actinobacteria under increased NaCl concentration (1%) 
in relatively short period of time (24–48 h), with high 
amount of growth compared to other media (ISP-2, KK 
agar, SCA and NA media). Hence, the new MNA  
medium can be used as an alternative to the traditional 
media for both laboratory studies and for commercial 
production. 
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