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ABSTRACT 
 

A novel strain, Streptomyces pactum -S131, was employed to produce antifungal antibiotic in batch 
culture fermentation. Different nutritional requirements such as: carbon and nitrogen sources, some minerals 
(K2HPO4, NaCl, MgSO4 & CaCO3) and environmental conditions, e.g., type and size of inoculum, initial pH 
level and incubation temperature degree were studied to obtain the maximum antifungal activity against 
Aspergillus niger. The results showed that the optimal concentration of medium composition for maximum 
antifungal activity (40 mm inhibition zone) was contained (g L-1): 7.5 g dextrin, 2.5 g KNO3, 0.75 g K2HPO4, 
0.5 g NaCl, 0.5 g MgSO4 and 2.5 g Ca (CO3)2 using of 2 ml spore suspension (16 X 109 spore/ml) and initial 
culture pH level 7 and incubation for 6 days at 28± 2oC on rotary shaker (200 rpm). The antifungal antibiotic 
produced was extracted, purified and then analyzed by IR, NMR, Mass spectrum and evaluated its content of C, 
H, N & S and other chemo-physical properties. The results mentioned that the purified antifungal compound had 
structure nearly to 4, amino-3, phenyl-2, thioxo-2, 3 dihydrothiazole–5, carboxylic acid methyl amide 
compound, which had molecular formula C11 H11 N3 O S2 and molecular weight 265. Thus, the antifungal 
antibiotic produced is nearly to the antifungal antibiotic group which contained azole group.  
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Introduction  

The genus Streptomyces is represented in nature by the largest number of species and varieties, 
producing the majority of known antibiotics among the family actinomycetaceae. Members of the genus 
Streptomyces are well known as source of antibiotics and other important novel metabolites, including 
antifungal, antitumor, antihelminthic and herbicide agents (Lee & Hwang, 2002 and Thakur et al., 2009). 
Discovery of new antibiotics produced by Streptomycetes still continues, for example, mediomycins (A&B) and 
clethramycin, a new analogue of bleomycin (NC0604) and new benzoxazole antibiotic (caboxamycin) were 
isolated from fermentation broth of S. mediocidicus ATCC23936, S. verticillus var. pingyangensis and 
Streptomyces sp. NTK 937, respectively (Cai et al., 2007; Chen et al., 2008 and Hohmann et al., 2009).  

The ability of streptomycete cultures to synthesis antibiotics is not a fixed property but can be greatly 
increased or completely lost under different conditions of nutrition and cultivation (Waksman 1961). Therefore, 
the medium constitution together with the metabolic capacity of the producing organism greatly influences 
antibiotic biosynthesis. Changes in the nature and type of carbon, nitrogen or phosphorus sources and trace 
elements have been reported to influence antibiotic biosynthesis in streptomycetes (Gupte & Kulkarni, 2002 and 
Thakur et al ., 2009). This investigation aim to increase the antifungal activity of Streptomyces pactum- S131 
against Aspergillus niger by studying the suitability of different types and concentrations of carbon, nitrogen 
and phosphorous. 

 

Materials and methods 
 
Microorganisms 
 

Streptomyces pactum- S131 was isolated (obtained from Egyptian soil samples) and identified up to 
species by Saleh et al. (2013). The test microorganisms represented by fungi & yeast (Aspergillus niger, A. 
flavus-B1, Fusarium oxysporum –C3, F. moniliforme-A7, Rhizoctonia solani-G6, Pythium sp-R7 and Candida 
albicans) and bacteria i.e. Staphylococcus aureus-ATCC-6538, Escherichia coli-ATCC-8739, Pseudomonas 
aeruginosa ATCC-9027 and Salmonella sp-A16., these microorganisms were kindly supplied from Agricultural 
Research Center, Giza, Egypt.  
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Preparation of Streptomyces pactum- S131 inocula 
 

Spore suspension of Streptomyces pactum- S131 was prepared by growing the strain on starch nitrate 
agar medium plate (90 mm diameter) for 15 days at 28±2oC. The spores were resuspended in 50 ml of sterile 
saline water (distilled water supplemented with 9 g L-1 of NaCl) by scratching the hall surface of agar plates and 
adjusted to concentration of 16X109 spore ml-1 (Trejo-Estrada et al., 1998). Vegetative mycelium inoculum was 
prepared by transferring of 2ml of spore suspension (16X109 spore ml-1) into 250ml conical flask containing 100 
ml sterile starch nitrate broth medium (Waksman, 1961), and incubated for 6 days at 28±2oC on rotary shaker 
(200 rpm). After incubation, the vegetative mycelium obtained was washed many times with sterile distilled 
water and then used as vegetative inoculum. 
 
Optimization of nutritional requirements for maximum antifungal activity 
  

Effect of different carbon and nitrogen sources on antifungal activity were studied using agar diffusion 
method. Two ml of previous spore suspension were transferred into 250 ml conical flask containing 50 ml of 
starch nitrate broth medium and incubated at 28 ± oC for 7 days on rotary shaker (200 rpm). After growth, the 
appropriate volume of cell-free filtrate were transferred to fill the wells pored in Sabouraud's dextrose agar 
plates previously inoculated with Aspergillus niger (most sensitive test organism). Different carbon sources was 
investigated by substituting 20 g L-1 starch (control) in the starch nitrate medium with 21.5, 20.0, 21.5, 20.0, 
44.4 or 44.4 g L-1 of corn yellow, glucose, glycerol, dextrin, molasses and wheat bran, respectively. Different 
nitrogen sources was investigated by substituting 2.0 g L-1 KNO3 (control) in the starch nitrate medium with 
1.68, 1.64, 3.5, 1.32, 2.3, 1.0, 3.0 and 0.9 g L-1 of NaNO3, Ca(NO3)2, fish-meal extract, (NH4)2SO4, NH4NO3, 
oat-meal, soy-bean or urea, respectively. Each of carbon or nitrogen source was added to the basal medium 
(starch nitrate broth) at the same C/N ratio and instead of starch and KNO3, respectively. The effect of different 
concentrations of the most suitable carbon and nitrogen sources were also studied as the same previous 
technique.   The effect of different concentrations of K2HPO4 (0.0, 0.5, 0.75, 1.5 and 2.0 g L-1), NaCl (0.0, 0.25, 
0.75 and 1.0 g L-1), Mg SO4 (0.0, 0.25, 0.75 and 1.0 g L-1) and Ca (CO3)2 (0.0, 1.0, 2.0, 2.5 and 3.5 g L-1) on 
antifungal activity, culture pH level and mycelium dry weight of Streptomyces -S131 were studied under the 
optimal previous study. 

 
Optimization of some environmental conditions for maximum antifungal activity 
  

Effect of different environmental conditions such as temperature degrees (28 and 37 ±2 oC), inoculum 
sizes of spore suspension (1, 1.5, 2, 2.5 and 3.0 ml/ 50ml medium), inoculum sizes of vegetative mycelium (50, 
75, 100 and 125mg/50ml medium) and initial pH levels (6, 7, 8 and 9) of production medium on antifungal 
activity, changing culture pH level and mycelium dry weight of the selected Streptomyces pactum -S131 at 
different incubation periods were studied under the optimal previous study .  
 
Extraction, purification and identification of antifungal antibiotic produced by Streptomyces - S131 
  

Different solvents (n-butanol, n-hexane, ethyl acetate, petroleum ether, chloroform, benzene, xylene, 
methanol, ethanol and propanol) were used and tested for the extraction of the antifungal antibiotics from 
lyophilized filtrate of Streptomyces-S131 culture. Twenty ml of each abovementioned solvent were separately 
mixed with 200 mg of lyophilized filtrate of Streptomyces -S131 culture, incubated on rotary shaker (200 rpm) 
for 15 min at room temperature, filtered, concentrated by rotating evaporator system at 40°C (120 rpm) under 
vacuum, eluted with 2 ml of dimethyl sulphoxide 0.01% (v/v). The antifungal activity compared with control 
dimethyl sulphoxide 0.01% (v/v) was studied by agar well diffusion method. Then, the ideal solvent was used to 
extract and elute the final concentrated antifungal metabolites. Twenty ml of concentrated antifungal metabolite 
extract with the ideal solvent was banded on thin layer chromatography plates (60 F254 2 mm thicknesses 20X20 
cm, Merck) at the rate of 1 ml of concentrated antifungal metabolites for each plate. The plates were developed 
in 8 solvent systems suggested by Ikekawa  et al. (1963) and Augustine et al. (2004), which  were methanol: 
water: 15% ammonium acetate pH 7.0 (5:2:1); methanol: acetonitrile: water: 15% ammonium acetate pH 7.0 
(3:4:1:2); methanol: water: 15% ammonium acetate pH 7.0 (5:2:1); dichloromethane: methanol: 25% 
ammonium hydroxide (9:0.9:0.1); ethano1: conc. Ammonium hydroxide: water (8:1:1); propano1: pyridine: 
acetic acid: water (I.5: 1: 0.3: 1.2); butano1: acetic acid:  water (3:1:1) and ethanol: conc. ammonium hydroxide: 
water (8:1:1).  Rf values of separated bands were detected, scratched and studied their antifungal activity by agar 
diffusion method. Ten ml of the active antifungal metabolite solution were banded on 10 TLC plates (60 F254 2 
mm thicknesses 20X20 cm, Merck), dried and the plates were developed in the best system solvents applied in 
the previous study. The chemical and physical properties of the separated purified antifungal metabolite, which 
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obtained by scratching the bands, eluted and filtered, were studied by U.V Spectrum, Infrared (IR), Nuclear 
magnetic resonance (NMR) Mass spectrometry (MS). 

 
Solubility of antifungal antibiotic 
  

The solubility of pure antifungal antibiotic was tested using various solvents like ethanol, methanol, 
propanol, butanol, ethyl acetate, chloroform, diethyl ether, petroleum ether, chloroform, cyclohexan, benzene 
and hexane (Dhanasekaran et al., 2008).The antifungal antibiotic stability was studied at different temperature 
degrees represented by 30, 40, 50, 60, 70 & 80°C for one hour in water bath and 121°C for 15 min in autoclave. 
The antifungal activity was determined against the target fungi cultures by the antifungal antibiotic elution of 
each temperature treatment (Augustine et al., 2004).The stability of the antifungal compounds was tested at 
different pH levels. The compound solutions were distributed into 100 ml Erlenmeyer flasks and their pH level 
was adjusted from 4.0 to 9.0 by using 0.1N HCl or 0.1N NaOH. The flasks were kept at the room temperature 
for 3 hours and then the samples were tested for their antifungal activity against target fungi cultures by the agar 
diffusion assay method (Dhanasekaran et al., 2008). 
 
Other antifungal antibiotic analyses 
   

The light absorption of the antifungal antibiotic was detected by ultraviolet (UV). The solution of 
antifungal antibiotic was scanned at the range from 200 to 600 nm against solvent as a blank by using UV 
spectrophotometer (Fukuda et al., 1990).Twenty µL of the active antifungal antibiotic solution were banded on 
TLC plate (60 F254 2 mm thicknesses 20X20 cm, Merck), the plate was developed in the best system solvent 
applied in the previous study. The dried plate was examined under UV lamp at low (260nm) and high (450nm) 
wave lengths to detect the separated spot.   The elemental analyses of C, H, N & S and melting point were 
carried out at Micro Analytical Center, Cairo University, Egypt. The analyses of antifungal antibiotic by 
Infrared (IR), Nuclear magnetic resonance (NMR) and Mass spectrometry (MS) were carried out at the National 
research center, Dokki, Cairo, Egypt. 

    
Minimum inhibitory concentrations (MIC) of purified antifungal antibiotic produced by Streptomyces pactum-
S131  
  

Evaluation of minimum inhibitory concentration (MIC) of purified antifungal antibiotic produced by 
Streptomyces pactum-S131 was studied against tested fungi [Aspergillus niger, A. flavus, Fusarium oxysporum, 
F. moniliforme, Candida albicans, Rhizoctonia solani and Pythium sp. ] using the method as described by 
Kavanagh, (1972).   
 

Results and discussion 
 
Optimization of nutritional requirements 
 
Carbon sources 
 

Data in Table (1) reveal that Streptomyces pactum-S131 was able to use different carbon sources for 
growing and producing antifungal antibiotics (except corn yellow). However, the antifungal activities of S. 
pactum-S131 against Aspergillus niger culture, pH level and mycelium dry weight were gradually increased 
with increasing of incubation period, but the titer of antifungal activities, mycelium dry weight and pH level 
were influenced by the type of carbon source composed with starch nitrate medium (instead of starch).  

In addition, the maximum antifungal activities were recorded with Streptomyces culture supplemented 
with dextrin or starch which resulted 35 and 25 mm inhibition zone, respectively, after 6 days of incubation at 
28±oC on rotary shaker (200 rpm), followed by wheat bran, glucose, glycerol and molasses which resulted 20, 
18, 14 and 12 mm inhibition zone after 5, 6, 5, and 6 days of incubation, respectively, under the same previous 
conditions (Table,1). Furthermore, the antifungal activities of previous strain were recorded with different S. 
pactum-S131 culture pH levels at the range from 6.8 to 8.7, while the maximum antifungal activities were 
recorded at pH level 8.5 followed by 7.8,7.2, 7.3, 7.5 and 7.0 (Table 1 and Fig. 1).  
The antifungal activity of S. pactum-S131 culture was increased with increasing of mycelium dry weight, the 
maximum antifungal activity was observed with 181 mg /50 ml mycelium dry weight followed by 180, 154, 
186, 147 and 175 mg/ 50ml mycelium dry weight after 6, 6, 5, 6, 5, and 6 days of incubation at 28±oC on rotary 
shaker 200 rpm, respectively (Table, 1 and Fig., 2).  

From abovementioned results, it could be concluded that the selected strain S131 was able to grow using 
various tested carbon sources but its ability to produce antifungal antibiotic was influenced by the type of carbon 
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source. The maximum antifungal activity against Aspergillus niger by the selected strain was observed in starch 
nitrate medium supplemented with 20 g L-1 dextrin (instead of starch) and incubated for 6 days at 28 ± oC on 
rotary shaker (200 rpm). Also, production of antifungal antibiotic at different culture pH levels was depended on 
the insensitively of antifungal antibiotic produced toward the changing of culture pH level. Furthermore, the 
antifungal activity increased with increasing of mycelium dry weight, but without corresponding rate.  

Current data are in agreement with those obtained by Paul & Banerjee (1983) who pointed to, the 
antifungal activities of Streptomyces galbus were observed with different culture pH levels at the range from 5.7 
to 7.8. Although the maximum growth of Streptomyces galbus was obtained after 4 days of incubation, the 
maximum antibiotic production was observed after 7 days of incubation. Farid et al. (2000) stated that dextrin 
was more suitable carbon source as compared to starch on antifungal activity produced by Streptomyces 
natalensis. In addition, Al-Zahrani (2007) found that the antifungal activities of Streptomyces isolate J12 against 
Candida albicans were observed by different culture pH levels at the range from 5.5 to 8.0. Furthermore, the 
rate of antifungal activity increased with increasing of mycelium dry weight, but without corresponding rate.  

 
Table 1: Effect of different carbon sources on antifungal activity of S.  pactum-S131 culture* against A. niger at different incubation periods. 

Incubation 
Periods 
(days) 

Different carbon sources*** (g L-1) 
Starch** 
(20 .0) 

Glucose 
(20.0) 

Glycerol 
(21.5) 

Dextrin 
(20.0) 

Molasses 
(44.4) 

Corn yellow 
(21.5) 

Wheat  bran 
(44.4) 

Inhibition zone (mm) 
3 12 0.0 0.0 15 0.0 0.0 0.0 
4 18 11 11 22 0.0 0.0 14 
5 22 15 14 28 0.0 0.0 20 
6 25 18 14 35 12 0.0 20 
7 25 18 14 35 12 0.0 20 

* Growing at 28 ±2 oC on rotary shaker (200 rpm) and initial pH,** Control (starch nitrate medium, (Waksman, 1961), ***Instead of  20.0 
g L-1 starch in starch nitrate medium (Waksman, 1961) 

 
 

 

Fig. 1: Effect of different carbon sources on culture pH 
levels of Streptomyces pactum-S131 at different 
incubation periods.  

*Control medium (starch nitrate) 

Fig. 2: Effect of different carbon sources on mycelium 
dry weight of Streptomyces pactum-S131 at 
different incubation periods. 

*Control medium (starch nitrate) 

On the other hand, the most suitable carbon sources to obtain the maximum yield of antimicrobial 
antibiotics by Streptomyces scabies strain PK-A41; S. padanus PMS-702; S. anulatus and Streptomyces sp.201 
were glycerol, glucose, galactose and mannitol at concentrations 20, 11.2, 15 and 15 gL-1, respectively (Han et 
al., 2004; Praveen et al., 2008; Wu et al., 2008; and Thakur et al ., 2009). In addition, the production of 
antifungal antibiotics were increased with increasing of Streptomyces capoamus MTCC 8123 mycelium dry 
weight with the same rate (Singh et al., 2008). Furthermore, glycerol was reported in many literatures as an 
important medium component for the production of antifungal antibiotics from microorganisms (Qureshi et al., 
2001 and Fukuda et al., 2005). 
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Nitrogen sources  
 

Data in Table (2) indicate that S. pactum-S131 could use different tested nitrogen sources for growth and 
antifungal antibiotic production; however the antifungal activities were influenced by the type of nitrogen 
source. In addition, the suitability of inorganic nitrogen on antifungal activity was more active as compared to 
organic nitrogen except urea. It was found that KNO3 and NaNO3 were the most suitable nitrogen sources for 
antifungal activity, which resulted 25 and 25 mm inhibition zone after 6 and 7 days of incubation at 28 ± 2 oC on 
rotary shaker (200 rpm), respectively, followed by Ca (NO3)2, urea, (NH4)2SO4 and NH4NO3 which gave 20, 17, 
14 and 12 mm inhibition zone after 7, 7, 6 and 6 days of incubation under the same previous conditions.  

Furthermore, the antifungal antibiotic could be produced by S. pactum -S131 culture at the pH range from 
7.4 to 8.3. While, the maximal antifungal activity of selected culture was noticed at pH 7.8 followed by 8.3, 7.5, 
7.6, 7.6 and 7.8 (Fig.3). in addition , the maximum antifungal activity of that culture was recorded with 180 mg 
mycelium dry weight /50 ml followed by 162, 174, 156, 103 and 165 mg /50 ml  (Fig., 4). Therefore, KNO3, Na 
NO3, Ca (NO3)2 and urea are the most suitable nitrogen source which will be used in subsequence studies. 

 According to the abovementioned data, it was concluded that the selected strain might be used various 
nitrogen sources to grow but that not revealed to the suitability of tested nitrogen for producing antifungal 
antibiotic. In addition, the antifungal antibiotic produced by the selected strain could be produced at different 
culture pH levels since the production of antifungal antibiotic was not affected by the changing of culture pH 
level at the range from 7.4 to 8.3 (Table 2 and Figs. 3&4).  

 The current results are in agreement with those obtained by Paul & Banerjee (1983), who found that 
inorganic nitrogen are more suitable for production of antifungal antibiotic as compared to organic nitrogen 
except urea. 

KNO3 (2.0 g L-1) followed by Na NO3 (1.68 g L-1), urea (0.9 g L-1) and Ca (NO3)2 (1.64 g L-1), which 
gave 35, 25, 23 and 15 mm inhibition zones after 6, 6, 7 and 6 days of incubation at 28±2 oC on rotary shaker 
200 rpm (Table 3). 
 
Table 2: Effect of different nitrogen sources on antifungal activity of S. pactum - S131 culture* against A. niger at different incubation 

periods. 

Incubation 
Periods 
(days) 

Different nitrogen sources*** ( g L-1) 

KNO3
**

 

(2.0) 
Ca(NO3)2 

(1.64) 
NaNO3 

(1.68) 
NH4NO3 
(2.3) 

(NH4)2SO4 
(1.23) 

F.M.E 
(3.5) 

O.M.E 
(1.0) 

S.B. 
(3.0) 

Urea 
(0.9) 

Inhibition zone (mm) 

3 12 0.0 13 0.0 0.0 0.0 0.0 0.0 0.0 

4 18 0.0 17 0.0 0.0 0.0 0.0 0.0 0.0 

5 22 14 22 0.0 11 0.0 0.0 0.0 13 

6 25 17 22 12 14 0.0 0.0 0.0 15 
7 25 20 25 12 14 0.0 0.0 0.0 17 

F.M.E.: fish-meal extract; O.M.E.: oat-meal extract; S.B.: soy-bean,* Growing at 28 ±2 oC on rotary shaker (200 rpm) and initial pH 
7,**,Control (starch nitrate medium, Waksman, 1961) ,*** Instead of  2.0 g L-1 KNO3 in starch nitrate medium (Waksman, 1961)   
 
Table 3: Effect of the most suitable carbon (dextrin) with different nitrogen sources on antifungal activity of S. pactum-S131 culture* against 

A. niger at different incubation periods. 

Incubation periods 
(days) 

Dextrin** (20 g L-1 ) 

KNO3 

(2.0 g L-1) 
NaNO3

*** 

(1.68 g L-1) 
Ca(NO3)2

***
 

(1.64  g L-1) 
Urea*** 

(0.9 g L-1) 

Inhibition zone (mm) 
3 15 12 11 0.0 

4 22 18 11 12 

5 28 22 12 20 

6 35 25 15 20 

7 35 25 15 23 

* Growing at 28 ±2 oC on rotary shaker (200 rpm) and initial pH 7,** Instead of 20.0 g L-1 starch in starch nitrate medium (Waksman, 
1961),*** Instead of 2.0 g L-1 KNO3 in starch nitrate medium (Waksman, 1961)  
  

Also, the maximum antifungal activity was noticed at culture pH level 8.5 with the mycelium dry 
weight, 181 mg /50ml followed by 7.8, 7.5 and 7.5 with mycelium dry weight 180, 166 and 154 mg/ 50ml, 
respectively (Figs.5,6). Therefore, the medium containing dextrin (20 g L-1), KNO3 (2.0 g L-1), K2HPO4 (1.0 g L-

1), NaCl (0.5 g L-1), MgSO4 (0.5 g L-1) and Ca (CO3)2 (3.0 g L-1) will be used in the subsequence studies. 
 

The suitable concentrations of dextrin and KNO3 

 
Data in Table (4) indicate that the combination among different concentrations of dextrin (5.0, 7.5, 10.0 or 

15.0 g L-1) and KNO3 (1.0, 1.5, 2.0 or 2.5 g L-1) have considerable effects on antifungal activity, mycelium dry 
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weight and culture pH levels of Streptomyces-S131. The antifungal activity of the selected strain was decreased 
with increasing of KNO3 concentrations and different dextrin levels, while the changes of culture pH level and 
mycelium dry weight had not any effect on antifungal activity of Streptomyces-S131against Aspergillus niger 
(Table, 4 and Figs., 7 & 8). 
 

 
Fig. 3: Effect of different nitrogen sources on pH levels of 

S. pactum-S131 cultures at different incubation 
periods. 

* Control (starch nitrate medium, Waksman, 1961).  
 
 

 
Fig. 4: Effect of different nitrogen sources on mycelium dry weight of 

S. pactum-S131 at different incubation periods. 
* Control (starch nitrate medium, Waksman, 1961).   

 

  
Fig. 5: Effect of the most suitable carbon (20 g L-1 dextrin) and 

different nitrogen sources instead of starch and KNO3 in 
starch nitrate medium on culture pH level of S. pactum -
S131 at different incubation periods. 

Fig. 6: Effect of the most suitable carbon (20 g L-1 dextrin) and 
different nitrogen sources instead of starch and KNO3 in 
starch nitrate medium on mycelium dry weight of S. pactum-
S131 at different incubation periods. 

 
The maximum antifungal activity was recorded using combination of   7.5 g L-1 dextrin and 2.5 g L-1 KNO3 at 
pH level 9.2 of strain culture and 152 mg/50 ml culture of mycelium dry weight, after 7 days of incubation at 
28±2 oC on rotary shaker (200 rpm), being 40 mm of inhibition zone as compared to the control treatment 
(35mm inhibition zone), followed by  10 g L-1 dextrin & 2.5 g L-1 KNO3; 15 g L-1 dextrin & 2.0 g L-1 KNO3 ; 20 
g L-1 dextrin  & 2.0 g L-1 KNO3 and 5 g L-1 dextrin & 1.0 g L-1 KNO3, giving  35, 35, 35 and 30 mm of 
inhibition zone at pH levels 9.4, 8.2, 8.5 and 8.6 of the strain culture, respectively. The mycelium dry weight 
reached to 200, 248, 181 and 101 mg per 50 ml culture after 7, 7, 6 and 6 days of incubation at the same 
conditions, respectively (Table, 4 and Figs., 7 & 8).  Data clearly indicated that the antifungal activity of strain -
S131 was influenced by the C/N ratio of medium contained the most suitable carbon and nitrogen sources. In 
addition, increasing of dextrin concentration over 7.5 g L-1 with 2.5 g L-1 KNO3 did not affected the antifungal 
activity obtained by Streptomyces pactum-S131 culture used against A. niger. Therefore, the optimal 
combination of dextrin and KNO3 was 7.5 and 2.5 g L-1, respectively for antifungal activity, which will be used 
in the subsequence studies.   
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Table 4: Effect of different concentrations of dextrin and KNO3 on antifungal activity of Streptomyces -S131 culture*against A. niger 

different incubation periods. 

Incubation 
periods 
(days) C

on
tr

ol
*

* 

Dextrin  concentrations (g L-1) 

15 10 7.5 5 

K NO3 concentrations (g L-1) 

Inhibition zone (mm) 

1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5 

3 15 0.0 13 14 12 0.0 12 11 12 0.0 12 18 13 11 15 0.0 0.0 

4 22 18 16 23 18 12 15 14 17 13 18 20 22 16 15 0.0 0.0 

5 28 20 23 27 24 17 18 18 23 17 22 23 28 20 20 20 15 

6 35 23 26 33 31 20 21 23 29 25 25 28 35 30 27 25 18 

7 35 28 28 35 35 25 25 31 35 28 30 32 40 30 28 25 22 
* Growing at 28 ±2 oC on rotary shaker (200 rpm) and initial pH 7, ** Medium used contained 20 g L-1 dextrin, 2.0 g L-1  KNO3, 1.0 g L-1  
K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2 
 

 

Fig. 7: Effect of different concentrations of dextrin and KNO3 on pH level of S. pactum-S131 culture at different 
incubation periods. 

* Contained :  20 g L-1 dextrin, 2.0 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2 

 

Fig. 8: Effect of different concentrations of dextrin and KNO3 on mycelium dry weight of S.pactum-S131 at 
different incubation periods.  

* Contained :  20 g L-1 dextrin, 2.0 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2  
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The obtained results were confirmed with findings obtained by Upadhyay et al. (1991) and Mao et al. 
(2007) who reported that variations in the fermentation environment often resulted in changes in antibiotic 
production in terms of either the yield or composition of the compounds. Also, Gupte & Kulkarni (2002) found 
that the antifungal activities of Streptomyces chattanoogensis MTCC 3432 against Candida albicans were 
affected by different concentrations of most suitable carbon and nitrogen sources at the same incubation 
temperature. They found that inhibition zone of different carbon and nitrogen combinations were stable. 

  
The optimal concentration of K2HPO4  
 

Data in Table (5) obviously indicate that phosphorus was essential gradient for S. pactum-S131 growth 
and antifungal antibiotic production. Further, the optimal phosphorus concentrations to obtain the maximum 
antifungal activities were 1.5 and 0.75 g L-1, giving 41 and 40 mm of inhibition zones after 6 days of incubation 
at 28±2 oC on rotary shaker 200 rpm, respectively, as compared to control treatment (supplemented with 1.0 g L-

1 K2HPO4) which gave 40 mm inhibition zone after 7 days of incubation period, followed by 2.0 and 0.5 g L-1 
K2HPO4, which gave 38 and 32 mm of inhibition zone after 7 days of incubation under the same conditions. It is 
of importance to notice that removing of K2HPO4 from production medium led to highly decrease of S. pactum-
S131 growth and completely inhibit of its antifungal activity against A. niger and that revealed the importance 
of phosphorous in microbial growth and antibiotic production. 

 
Table 5: Effect of different K2HPO4 concentrations on antifungal activity of S. pactum- S131 culture* against A niger at different incubation 

periods. 

Incubation periods  
(days) 

Control** 
K2HPO4 concentrations (g L-1) 

(0.0) (0.5) (0.75) (1.5) (2.0) 

Inhibition zone (mm) 
3 13 0.0 0.0 20 22 17 

4 22 0.0 12 28 32 22 

5 28 0.0 18 36 38 26 

6 35 0.0 25 40 41 30 

7 40 0.0 32 40 41 38 

* Growing at 28 ±2 oC on rotary shaker (200 rpm) and initial pH 7,** Contained  7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g 
L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2 

 

However, pH levels of strain-S131 culture and mycelium dry weights of the same strain were not affected 
by increasing of phosphorus concentrations but they increased with increasing of incubation periods. The 
maximum antifungal activity of the selected strain was observed at culture pH levels 8.5, 8.7 & 9.2 and 163, 160 
& 152 mg of mycelium dry weights per 50ml culture, followed by 9.2 & 9.3 and 166 & 166 mg of mycelium dry 
weights per 50ml culture, respectively (Table, 5 and Figs., 9 &10). 

The obtained results gave the same trend with those obtained by Farid et al. (2000) who reported that 
phosphate was considered as one of the most important regulatory elements in the production of antibiotics. 
Phosphate addition to the cultivation medium in the concentration of 0.05 g L-1 increased the antibiotic 
production by about 8%. On further studies, increasing phosphate concentration up to 1.0 g L-1 maximized 
natamycin production at 64%, even though cell dry weight significantly increased.  

In contrast to the above mentioned data, Hege-Treskatis et al. (1992) reported that decreasing the 
phosphate supply in the feed broth from the initial concentration of 2.5 to 1.0 mM enhanced the productivity of 
nikkomycins and decreased the productivity of juglomycins. When switching back to the initial conditions of 
the experiment after 2000 hrs nearly the same production behavior as at the beginning of the fermentation could 
be observed. In addition, rapamycin production was found to be under specific negative control by increasing 
the concentrations of phosphate salts which were suboptimal for growth (Brana & Demain, 1988; Martin, 1989 
and Shapiro, 1989). Furthermore, removal of K2HPO4 from production medium led to increase of antifungal 
activity of Streptomyces capoamus MTCC 8123 against various tested fungi (Singh et al., 2008). 

 
The optimal concentration of NaCl, MgSO4 and CaCO3 
 

Data in Table (6) and Figs. (11&12) indicate that Streptomyces pactum-S131 could grow and produce 
antifungal antibiotic in minerals free medium of NaCl, MgSO4 or Ca (CO3)2. In addition, the decreasing or 
increasing of NaCl and MgSO4 concentrations from 0.5 g L-1 in production medium caused a slightly decrease 
of antifungal activity of Streptomyces pactum-S131 against A. niger, as well as culture pH level and mycelium 
dry weight as compared to control medium containing 0.5 g L-1 NaCl and 0.5 g L-1 MgSO4. While, the 
decreasing of Ca(CO3)2 concentration to 2.5 g L-1 in production medium gave the same antifungal activity (40 
mm inhibition zone) by control medium which contained 3.0 g L-1 Ca(CO3)2. Thus, the control medium will be 
used in subsequence study with change of Ca(CO3)2 concentration from 3.0 to 2.5 g L-1.  
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The previous results are in agreement with those obtained by Vasavada et al. (2006) who reported that 
Streptomyces sannanensis strain RJT-1 grew in the presence of 20% (w/v) NaCl, antibiotic production being 
maximum with 5% (w/v) NaCl in the production medium. In addition, Singh et al. (2008) found that MgSO4 had 
negative effect on antifungal activities of Streptomyces capoamus MTCC 8123 against various test fungi. While, 
the removable of Ca(CO3)2 from production medium caused slightly effect on antifungal activity of the same 
strain. In contrast, Cheng et al. (1995) reported that MgSO4 controls rapamycin production, which was optimal 
at 2.5 mg L-1, a concentration suboptimal for growth. Further increases with MgSO4 up to 2.5 mg L-1 increased 
growth but interfered with rapamycin production. In addition, (Singh et al., 2008) found that the removal of 
NaCl from production medium led to decrease of antifungal activities of Streptomyces capoamus MTCC 8123 
against various test fungi. 

 

Table 6: Effect of NaCl, MgSO4 and Ca (CO3)2 concentrations on antifungal activity of S.* pactum- S131 against A. niger at different 
incubation periods. 

,* Growing at 28 ±2 oC on rotary shaker (200 rpm)  and  initial pH 7, ** Contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g 

L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2. 

 
Effect of different types and sizes of inoculum, initial pH levels and incubation temperature degrees on 
antifungal activity of S. pactum - S131 
  

Data in Table (7) indicate that S. pactum -S131 can grow and produce antifungal antibiotic at different 
incubation temperatures (28 & 37 ±2 oC) and different initial pH levels (6, 7, 8 and 9). In addition, the efficiency 
of antifungal activity of previous strain against A. niger was increased with increasing of inoculum size of spore 
suspension until 2.0 ml/50 ml medium, then, the antifungal activity was decreased with increasing of inoculum 
size.  
 

Fig.9: Effect of different K2HPO4 concentrations on pH level of S. 
pactum-S131 culture at different incubation periods. 

* Contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 
0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2, initial pH 
7 and incubated at 28 ±2 oC on rotary shaker (200 rpm) 

Fig.10: Effect of different K2HPO4 concentrations on mycelium dry 
weight of S. pactum-S131 at different incubation periods. 

* Contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 
g L-1 NaCl, 0.5 g L-1 MgSO4 and 3.0 g L-1 Ca(CO3)2, initial pH 7 and 
incubated at 28 ±2 oC on rotary shaker (200 rpm) 

Incubation 
periods 
(days) C

on
tr

ol
**

 

Minerals concentration (g L-1) 

NaCl MgSO4 Ca(CO3)2 

0.0 0.25 0.75 1.0 0.0 0.25 0.75 1.0 0.0 1.0 2.0 2.5 3.5 

 Inhibition zone (mm)  

3 20 12 12 0.0 0.0 11 13 12 0.0 0.0 0.0 15 18 20 

4 28 17 17 14 12 15 17 15 12 0.0 12 19 28 32 

5 36 20 20 22 17 22 22 19 18 12 16 21 35 37 

6 40 25 25 26 23 25 28 30 23 15 21 25 40 37 

7 40 30 30 30 28 25 30 30 27 20 25 32 40 39 

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

Control* 0.5 0.75 1.5 2

K2HPO4 concentrations (g L-1)

pH
 le

ve
l

3 days 4 days 5 days 6 days 7 days 
Incubation periods (days)

0

20

40

60

80

100

120

140

160

180

Control* 0.5 0.75 1.5 2
K2HPO4 concentrations (g L-1)

M
yc

el
iu

m
 d

ry
 w

ei
gh

t (
m

g 
50

/ m
l)

3 4 5 6 7

Incubation periods (days)



 
Int. j. Environ. 4(1): 51-69, 2015 
 

 
60 

 

 

Fig. 11: Effect of NaCl, MgSO4 and Ca(CO3)2 concentrations on pH level of S. pactum - S131 culture at 
different incubation periods. 

* Contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 & 3.0 g L-1 Ca(CO3)2, initial pH 7 and 

incubated at 28 ±2 oC on rotary shaker (200 rpm)  

 

Fig. 12: Effect of NaCl, MgSO4 and Ca(CO3)2 concentrations and incubation periods on  mycelium dry weight 
of S. pactum - S131 at different incubation periods. 

* Contained 7.5 g L-1 dextrin, 2.5 g L-1 KNO3, 1.0 g L-1 K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 & 3.0 g L-1 Ca(CO3)2, initial pH 7 and 

incubated at 28 ±2 oC on rotary shaker (200 rpm)  

 
The maximum antifungal activity was observed at 28±2 oC with initial pH7 and inoculum size (2.0 

ml/50 ml medium of spore suspension) after 6 days of incubation, with inhibition zone of 40 mm in diameter, 
followed by initial pH 9 & 8 with the same incubation temperature and inoculum size, which resulted 38 and 37 
mm inhibition zones, respectively, after 7 days of incubation. In addition, the antifungal activities of 
Streptomyces-S131 against A. niger were recorded with different culture pH levels at the range from 6.8 to 8.8, 
and mycelium dry weight at the range from 75 to 167 mg/50ml medium, while the maximum antifungal 
activities were obtained at culture pH level 8.2 and mycelium dry weight 158 mg/50ml medium followed by 8.7 
and 8.2 of culture pH level and 165 and 164 of mycelium dry weight per 50ml medium (Figs, 13&14). 
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Table 7. Effect of different shaking rate with various volumes on the biomass production with each selected four bacterial isolates.   

Shaking rate 
(rpm) 

Biomass production (g/L) 
Bacterial isolates 

K10 K17 K20 K74 

25mL 
50mL 

(control) 
75mL 100mL 25mL 

50mL 
(control) 

75mL 100mL 25mL 
50mL 

(control) 
75mL 100mL 25mL 

50mL 
(control) 

75mL 100mL 

0 6.6UVW 5.6CCD 4.8IIJ 4.2MM 3.7OO 3.3PP 2.5RRS 2.0TT 6.3WXY 5.1GGH 3.9NN 2.4SS 5.2GGH 4.0NN 3.2PP 2.7RR 
50 7.0RS 6.1YZ 5.4EEF 5.1HH 5.2FFGH 4.7IIJ 3.7OO 2.9QQ 7.8KL 7.3PQ 4.5KKL 3.9NN 5.9BBA 4.8IIJ 4.2MM 3.3PP 

100 7.8KL 7.4P 6.7TU 5.5CCDE 7.7LMN 6.6UV 5.3EEFG 4.3LLM 8.9EF 8.4IJ 5.7BBC 5.2FFGH 6.7TU 6.2XYZ 5.4DDEF 4.9II 
150(control) 9.5C 8.6GH 7.6MNO 6.8TU 8.9FG 7.7LMN 6.2YZ 4.6JJK 9.7B 8.8FG 7.0RS 6.3XY 7.8LM 7.1QR 6.0AAZ 5.3FFGH 

200 10.4A 9.2D 8.3IJ 7.8LM 9.1DE 8.2J 7.4OP 6.7TU 10.3A 9.2D 8.0K 7.5NOP 8.5HI 7.7LM 6.8ST 6.4VWX 

Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s at 5 % level.    
*Each ml contained 16x109 spore, ** Medium used contained 7.5 g L-1 dextrin, 2.5 g L-1 KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 
MgSO4 & 2.5 g L-1 Ca(CO3)2, and incubated at 28±2 oC on rotary shaker (200 rpm),***Control. 
 

 

Fig. 13: Effect of different inoculum sizes (spore suspension) and initial pH on pH level of S. pactum -S131 culture which incubated  at 28 
±2oC on rotary shaker (200rpm) at different incubation periods. 

 

Fig. 14: Effect of different inoculum sizes (spore suspension) and initial pH on mycelium dry weight of S. pactum - S131 culture which 

incubated at 28 ±2oC on rotary shaker (200rpm) at different incubation periods. 

Regarding the effect of incubation temperature (37±2 oC) on antifungal activity of Streptomyces 
pactum-S131 against Aspergillus niger, it was decreased under incubation temperature of 37±2 oC as compared 
to incubation temperature of 28 ±2 oC. The maximum antifungal activity was observed at 37±2 oC with initial 
pH 7 and inoculum sizes of spore suspension (1.0 & 1.5 ml/ 50 ml medium) after 7 and 6 days of incubation, 
respectively, which resulted 36 mm of inhibition zone, followed by different tested conditions of different 
incoulum sizes, initial culture pH levels and different incubation periods, which resulted antifungal activities 
within the range from 29 to 34 mm inhibition zone (Table, 8). 
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Table 8. Effect of different shaking rate with various volumes on the curdlan production with each selected four bacterial isolates.    

 Curdlan production (g/L) 
Bacterial isolates 

Shaking 
rate(rpm) 

K10 K17 K20 K74 

25mL 50 mL 
(control) 

75mL 100mL 25mL 50mL 
(control) 

75mL 100mL 25mL 50mL 
(control) 

75mL 100mL 25mL 50mL 
(control) 

75mL 100mL 

0 14.1kl 12.6tu 10.3eef 8.2llm 9.6ggh 8.6kk 8.0mm 6.0pp 9.6ggh 13.8mno 13.1s 12.6tu 11.6aayz 10.8cc 9.4hhi 6.6oo 
50 16.3f 14.1kl 12.7t 10.1ff 11.2bb 10.1ff 9.2iij 7.3nn 10.4dde 15.6i 13.8mno 12.2vw 13.7mnop 12.5tu 10.5dde 8.3ll 

100 18.6a 17.8b 13.3qr 11.3bb 13.5pq 12.0wx 9.6ggh 7.3nn 11.4aab 17.6b 15.6hi 13.4pq 17.6b 16.0g 13.9lmno 12.1w 
150(control) 17.2c 16.6e 14.3k 13.6opq 16.9d 15.7hi 13.1rs 10.6ccd 9.8gg 15.9gh 14.0klm 12.5tu 16.8de 15.9ghi 13.6nopq 11.7xyz 

200 14.8j 13.5pq 13.1s 12.6tu 15.8ghi 14.6j 11.8xy 9.6ggh 9.0jj 14.0klm 12.4uv 11.4aabz 14.7j 13.9lmn 11.5aabyz 9.7ggh 

Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s at 5 % level 
* Each ml contained 16x109 spores,** Medium used contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 
MgSO4 & 2.5 g L-1 Ca(CO3)2 and incubated on rotary shaker (200rpm) ,***inoculated with 2 ml spore suspension/50ml medium and 
incubated at 28±2 oC. 

However, incubation at 37 ±2 oC had no effect on culture pH level and mycelium dry weight of 
Streptomyces pactum-S131 as compared to control and the maximum antifungal activity was observed at 8.4 and 
8.8 of culture pH levels and 162 and164 mg of mycelium dry weights per 50 ml medium, respectively (Figs. 15 & 
16).  In respect to the effect of mycelium inoculum sizes and initial pH levels on antifungal activity of S. pactum -
S131 culture incubated at 28 ± 2 oC against Aspergillus niger at different incubation periods, it was found that the 
antifungal activity of S. pactum- S131 against A. niger was observed at different inoculum sizes of vegetative 
mycelium (50, 75, 100 and 125 mg/50ml medium) and initial pH levels (6, 7, 8 and 9) and incubation periods (3, 4, 
5 and 6 days).The antifungal activity gradually increase with incubation period increase as well as culture pH level 
and mycelium dry weight. 

 
Table 9: Effect of different inoculum sizes (vegetative mycelium) and initial pH levels on antifungal activity of S. pactum- S131 culture* 

incubated at 28 ±2oC against A. niger at different incubation periods.                                                   

*Medium used contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 & 2.5 g L-1 Ca(CO3)2 and 
incubated on rotary shaker (200 rpm), **inoculated with 2ml spore suspension/50ml medium and incubated at 28±2 oC 

 

Vegetative mycelium inoculum (50 mg /50 ml medium) was the optimal inoculum size to obtain the maximum 
antifungal activity (40 mm inhibition zone) by S. pactum- S131 after 6 days of incubation at 28±2 oC with 
various tested initial pH levels. While, other sizes of vegetative inocula could be attained to the same maximum 
antifungal activity after 7 days of incubation under the same previous conditions. Furthermore, the antifungal 
activity was observed at the range of culture pH levels from 7.4 to 8.8 and mycelium dry weights from 120 to 
234 mg, but the maximum antifungal activity was found at 8.4, 8.2, 8.3 and 8.2 of culture pH levels and 190,198, 
201 and 199 mg of mycelium dry weights per 50 ml medium (Figs. 15 &16). 

Data in Table (10) reveal that S. pactum - S131 incubated at 37 oC could grow and produce antifungal 
antibiotic with various inoculum sizes of vegetative mycelium (50, 75, 100 and 125 mg/50ml medium), initial 
pH levels (6, 7, 8 and 9) and different incubation periods (3, 4, 5 and 6 days), but, the maximum antifungal 
activity was 27 mm inhibition zone with using of 50 mg of vegetative mycelium/50 ml medium, initial pH level 
(9) after 7 days of incubation on rotary shaker (200 rpm). Furthermore, the maximal antifungal activity of the 
selected strain was observed at 9.1 culture pH level and 175 mg mycelium dry weight per 50 ml medium. 

Data in Figs. (17 and 18) indicate that the mycelium dry weight and in pH level of S. pactum-S131 
culture ,which inoculated with spore or vegetative mycelium, were gradually increased with increasing of 
incubation periods under all tested parameters, while the incubation temperature has the major effect on 
mycelium dry weight and culture pH level. In addition, the increasing of mycelium dry weights in both cultures 
inoculated with spore suspension or vegetative mycelium was nearly constant under the same incubation 
temperature.  

Current data obviously revealed that the selected strain was able to grow and produce antifungal 
antibiotic under various environmental conditions of different initial pH levels, incubation temperature degrees 
and inoculum sizes (spore suspension or vegetative mycelium). But, inoculation with spore suspension was 
more efficient as compared to vegetative mycelium because it gave the same inhibition zone with lower 

Mycelium inoculum size (mg /50ml medium) 

Incubation 

periods 

(day 

125 100 75 50 Control** 

Culture initial pH level  

9 8 7 6 9 8 7 6 9 8 7 6 9 8 7 6 7 

Inhibition zone (mm) 

28 28 27 28 28 30 28 28 28 30 30 30 30 28 28 30 20 3 

35 35 32 32 34 34 33 34 35 36 35 34 35 35 37 35 28 4 

31 32 32 32 34 31 34 35 38 35 34 33 37 38 38 38 36 5 

37 34 35 35 35 36 35 35 38 35 34 34 40 40 40 40 40 6 

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 7 
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mycelium dry weight and lower incubation period (vegetative mycelium need 7 days for preparation than spore 
suspension preparation). Furthermore, the incubation temperature has the major affect on antifungal activity, 
mycelium dry weight and culture pH level. 

 

 
 
 

Fig. 15: Effect of different inoculum sizes (vegetative mycelium) and initial pH on pH level of S. pictum culture which incubated at 28±2oC 
on rotary shaker (200 rpm) at different incubation periods 

 

 
 
 

Fig. 16: Effect of different inoculum sizes (vegetative mycelium) and initial pH on mycelium dry weight S. pictum culture which 

incubated at 28±2oC on rotary shaker (200 rpm) at different incubation periods. 
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Table 10: Effect of different inoculum sizes (vegetative mycelium) and initial pH levels on antifungal activity of S. pactum - S131 culture* 

incubated at 37±2oC against A. niger at different incubation periods.  

Incubation 

periods 

(day) 

Mycelium inoculum size (mg/ 50ml medium) 

Control** 50 75 100 125 

                                  Cultural initial pH level 

7 6 7 8 9 6 7 8 9 6 7 8 9 6 7 8 9 

               Inhibition zone (mm) 

3 20 18 15 17 14 16 15 17 15 18 15 16 17 15 15 18 16 

4 28 18 18 18 16 17 17 18 18 18 16 20 18 17 19 20 20 

5 36 22 21 20 20 21 21 21 25 21 20 23 22 21 24 25 25 

6 40 25 24 24 25 25 24 24 25 26 24 24 25 25 24 24 24 

7 40 25 26 25 27 25 24 24 25 26 25 24 25 25 23 25 25 

*Medium used contained 7.5 g L-1 dextrin, 2.5 g L-1  KNO3, 1.0 g L-1  K2HPO4, 0.5 g L-1 NaCl, 0.5 g L-1 MgSO4 & 2.5 g L-1 Ca(CO3)2 and 
incubated on rotary shaker (200 rpm), **inoculated with 2ml spore suspension/50ml medium and incubated at 28±2 oC. 

 
The abovementioned data were in agreement with those found by Elibol et al. (1995), who revealed that 

the amount of actinorhodin antifungal antibiotic produced by spore suspension of Streptomyces coelicolor A3 
was higher than the amount produced by vegetative mycelium of the same strain. Also, El-Enshasy et al. (2000) 
obtained the highest productivity of natamycin antifungal antibiotic by Streptomyces natalensis using spore 
suspension as type of inoculum. In addition, the results are in agreement with those of Hohmann et al. (2009) 
and Thakur et al. (2009), who found that, the size of inoculum and incubation temperature were the most 
influenced factors on antifungal antibiotic production by Streptomyces sp. 201. Al-Zahrani (2007) studied the 
effect of different initial pH values of Streptomyces sp. J12 culture on antibiotic production, the results indicated 
that the production of biomass and antibacterial agents strongly dependent on the pH value of culture broth. The 
optimum pH value for biomass production was 7.0, and 7.2 for the antimicrobial production.  

The most suitable carbon, nitrogen, phosphorus and minerals [NaCl, MgSO4  and Ca (CO3)2] to obtain 
the maximum antifungal activity (40 mm inhibition zone) by S. pactum -S131against A. niger were (g L-1) 7.5 
dextrin, 2.5 KNO3, 0.75 K2HPO4, 0.5 NaCl, 0.5 MgSO4 and 2.5 Ca(CO3)2, respectively, with using of 2 ml 
spore suspension (16 X 109 spore/ml) as an inoculum, initial pH level at 7.0 and incubation temperature at 28 ±2 
oC  for 6 days on rotary shaker (200 rpm). 

 
Isolation and structure elucidation of the antifungal compound 
 

The antifungal compound was extracted from lyophilized fermented broth culture of Streptomyces 
pactum-S131 using various polar and non-polar solvents, while methanol was the ideal solvent for extraction. 
The extracted antifungal compound was purified and separated using thin layer chromatography.  

The study of chemophysical properties such as solubility, stability and chemical structure of antifungal 
antibiotic produced by Streptomyces pactum-S131 is very important to suggest the ideal application conditions. 

According to the data recorded in Table (11) the single separated band of antifungal compound was 
observed in thin layer chromatographic separation at Rf 0.68 cm. The purified antifungal compound was 
dissolved in water, ethanol, methanol and propanol, whereas it could not be dissolved in butanol, ethyl acetate, 
chloroform, diethyl ether, petroleum ether, cyclohexane, benzene and hexane. In addition, the purified 
antifungal compound had a pale yellowish color with needles form, the maximal absorption in UV spectrum was 
detected at 216 nm and melting point at 152 oC. The antifungal activity of purified compound against 
Aspergillus niger was stable under various pH levels at the range from 5 to 9 and various temperature degrees at 
the range from 20 to 90 ºC (Table, 11). 

The data recorded in Table (11) and Figs. (19, 20, 21 & 22) refer to that the analyses of antifungal 
compound by IR, El mass spectrum, NMR, and elemental analysis suggested that the antifungal compound had 
structure nearly to 4, amino-3, phenyl-2,thioxo-2,3dihydrothiazole–5,carboxylic acid methylamide compound , 
which had Molecular formula C11 H11 N3 O S2 and Molecular weight 265. Thus, the antifungal antibiotic 

produced by Streptomyces pactum-S131 is nearly to the antifungal antibiotic group which contained azole group.  
The data mentioned in Table (11) show that, the minimum inhibitory concentration of purified 

antifungal antibiotic produced by Streptomyces pactum-S131 was recorded with Aspergillus niger being 50.0 µg 
ml-1 followed by Aspergillus flavus, Fusarium oxysporum, Candida albicans, Fusarium moniliforme, Pythium 
sp and R. solani, which gave 75.0, 75.0, 75.0, 100.0, 100.0 and 125 µg ml-1, respectively.  

The abovementioned results were in agreement with those reported by many investigators who 
mentioned that Streptomyces species HIL Y-9420704, S. nobilis, S. anulatus could produce sulfur-containing 
antibiotic such as thiazole, thiolutin, thiopeptide, oxazole-containing cyclic peptides and this type of compound 
could inhibit the growth of many yeast and phytopathogenic fungi because they were found to inhibit in vitro 
RNA synthesis directed by all three yeast RNA polymerases (I, II, and III). In addition, thiolutin is also an 
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inhibitor of mannan and glucan formation in Saccharomyces cerevisiae and used for the analysis of mRNA 
stability (Sturdikova et al., 1990; Kumar et al., 1999; Seto et al.,2000 and Jin, 2003). 

Furthermore, many investigators reported that, many strains related to Streptomyces pactum can 
produce broad spectrum antiufungal antibiotics with weakly antibacterial effect such as actinopyrone A, MF-
705α and MF-705β, but these compounds is not contain thiazole ring (Yano et al., 1986 and Qureshi et al., 
2001). Thus, the antifungal compound produced by Streptomyces pactum-S131 may be produced by other 
Streptomyces species but it could be a new biosynthetic antibiotic produced by Streptomyces pactum-S131.  

 

 

Fig. 17: Effect of different inoculum sizes (vegetative mycelium) and initial pH on pH level of S. pactum 
- S131 culture which incubated at 37±2oC.  

 

 
 

Fig. 18: Effect of different inoculum sizes (vegetative mycelium) and initial pH on mycelium dry weight of S. 
pactum-S131 which incubated at 37±2oC at different incubation periods. 
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Table 11:  Chemophysical and biological properties of antifungal antibiotic produced by S. pactum- S131 
Characteristics  Observation   

Colour Pale yellow  

Form  Needles 

Solubility  Soluble in water: ethanol, methanol and propanol.  

Insoluble in butanol, ethyl acetate, chloroform, diethyl ether, petroleum ether, chloroform, 

cyclohexan, benzene and hexane. 

Rf value1 0.68  

UV  Me OH (log) nm 216 nm 

Melting point  152 oC 

Elemental analysis C (50.0%), H (5.0%) , O (6.0 %),  N (5.0%),  S (24% ) 

IR (Vmax KBr) cm-1 3424.99, 2924.52, 1627.63, 1380.78, 77.8139, 1027.87 and 657.607 

NMR  1H 

 

 

 

 

 

 

13C 

H1(5.1788), H2(5.1360), H3(5.0795), H4(4.9159), H5(4.8915), H6(4.86860), H7(4.8626), H8(4.8426), 

H9(4.6699), H10(4.5858), H11 (3.813), H12(3.8399), H13(3.8139), H14(3.7971), H15(3.5938), 

H16(3.5801), H17 (3.4670), H18(3.3798), H19(3.3279), H20(3.2958), H21(3.2927), H22(3.2897), 

H23(3.2866), H24(3.2637), H25(3.1857), H26(2.1403), H27(1.1728), H28(1.1590), H29(1.1529), 

H30(1.1391), H31(0.9389), H32 (0.9221), H33(0.9022) and H34(0.8976) ppm 

101.1637, 79.712, 73.9413, 73.6838, 72.5296, 72.2149, 71.4613, 70.3835, 61.3030, 60.7689, 60.6449 

and 49.1130. 

Mass spectrum M/Z 49.90 (122), 51.2(1142), 56.05 (326), 57.0 (1091), 57.95 (213), 60.05 (336), 61.1 (241), 62.45 (217) 

and 63.45 (288).  

Chemical structure   

 
4,amino-3,phenyl-2,thioxo2,3dihydrothiazole–5,carboxylicacid methylamide 

Molecular formula C11 H11 N3 O S2  

Molecular weight  265 

MIC2 ( µg ml-1) of purified 
antifungal antibiotic against  some 

pathogenic fungi3 

(50.0µg ml-1)  Aspergillus niger,  (75.0 µg ml-1) A. flavus, (100.0 µg ml-1) Fusarium moniliforme, 
(75.0 µg ml-1) F. oxysporum,(100.0 µg ml-1) Pythium sp.,(125.0 µg ml-1) Rhizoctonia solani and (75.0 
µg ml-1) Candida albicans 

(1): System solvent: methanol: ammonia solution 33%: water (85:1: 14 v/v), (2): Minimum inhibitory concentration, (3): Grown on 
Sabouraud's dextrose agar medium and incubated for 2-4 days at 28±2 oC. 

 
Fig. 19: U.V. spectrum of antifungal antibiotic produced by S.  pactum- S131 
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Fig. 20: I.R. analysis of antifungal antibiotic produced by S. pactum- S131 

 

Fig. 21:  Mass spectrum of antifungal antibiotic produced by S.pactum- S131 

 

Fig. 22: 1H NMR of antifungal antibiotic produced by S. pactum strain-S131 
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