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ABSTRACT:- Enzymes are among the most important products obtained for human 

needs mainly through microbial sources. The aim of the present study was isolation, 

screening and optimization of the enzyme production by using the different microbes ,mainly 

bacillus spp from the soil sample. In the present study, the growth parameters showed the 

profound influence on the amylase production on the candidate species such as the maximum 

production of the enzyme obtained at 48 hrs of incubation and the optimum was pH 7. Higher 

production of thetemperature also influenced on the maximum production of the amylase, 

the optimum was 35 enzyme. The optimum salinity of 2.0% showed to maximum production 

of the amylase. In the present study, the starch and peptone was found to the best carbon and 

nitrogen sources to maximum production of the amylase. With optimized parameters in the 

mass scale medium maximum growth of 2.89 OD and enzyme activity of 64U/ml/min was 

obtained at 48 hrs of incubation. 

Keywords:-Microbial sources,Bbacillus spp, Enzymatic activity, Starch, peptone. 

1.INTRODUCTION:-Amylases are enzymes that hydrolyze starch to give 

oligosaccharides, maltose or ultimately glucose. They overshadow all others in industrial 

significance and utilization. The use of amylases appears to be as ancient as civilization itself 

(Kneen, 1949),It has been  stated that the earliest known records of the preparation of malt 

date back to 7000 B.C. and beer brewing was an established craft by 5000 B.C. (Lazer, 1938).The 

real foundation for the scientific approach to the problem of enzymatic starch degradation 

lies in the discovery of diastase by Kirchhoff (1816) and Payen and Persoz (1833). Coinciding 

with utilization of cereal malt amylases was an equally important discovery that certain 

types of molds and bacteria produced starch degrading enzymes (Kneen, 1949). 

In the  first six decades of this century, the starch processing industry employed dilute mineral  

acids to hydrolyse starch and the hydrolysate was then neutralized and refined to a thick syrup. 
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This syrup is widely used in brewing,  backing,  food  and  confectionery and many other 

industries. However,   the use of acids is always accompanied by colour formation and 

reversion products. Salt is also produced as a result of acid neutralisation and would require 

an extra step to get rid of.Nowadays the starch processing industry depends on the reactions of 

amylase   enzymes which include liquefaction or solublization of starch, production of 

dextrins, or hydrolysis of starch to a high percentage of reducing sugars such as maltose or 

dextrose (saccharogenic amylases). This starch processing industry is considered as the 

largest  user of enzymes, mainly owing to the success of the a-arnylase and arnyloglucosidase-

based process   for   forming   glucose  syrup.  These enzymes  are  relatively inexpensive. 

However, the industry is always hungry for better enzymes specially  those  that  are  

relatively  more  stable  at relatively elevated temperature. Amylases   are   widely   

distributed  among  animals,  plants  and microorganisms. a-Amylases occur in 

microorganisms, plants and animal tissues  whereas 0-Amylases  occur predominantly in 

higher plants and microorganisms (Karlson, 1974). 

Amyloglucosidase occur mainly in microorganisms and in some animal tissues (Wiseman, 1985). 

1.2 Sources of enzymes :-Amylases   are   widely   distributed  among  

animals,  plants  and microorganisms. . a-Amylases occur in microorganisms, plants and 

animal tissues  whereas 0-Amylases  occur predominantly in higher plants and 

microorganisms.Amyloglucosidase occurs mainly in microorganisms and in some animal 

tissues.Animals: a-Amylases of human saliva, human pancrease and pig pancrease have been 

obtained in a crystalline form. a-Amylases of saliva initiates the hydrolytic attack  on the 

dietary polysaccharides,  producing  maltooligosaccharides,  while  a-amylase of pancreas 

is secreted as juice into the small intestine and completes the digestion process yielding 

maltose which is hydrolysed by a- glucosidase to glucose. 

Plants:Sorghum spp has the ability to produce a-amylases during germination.The un germinated 

barley grain contains the a- amylase. 

Fungi: a-Amylases   have   been   isolated   from   Aspergillus .foestidus, Aspergillus 

oryzae, and Aspergillus  niger.amylolytic activity of different Rhizopus isolates has been 

determined. 

Bacteria:Many bacteria are known to produce extracellular amylases. a-Amylases from 

Bacillus sp. have found a considerable commercial application for several decades. Many 

bacteria other than the genus Bacillus, have also been reported as  a-amylase  producers  such  

as   Pseudoinoiias   slutzeri, Thermonospora sp and Thermoaciinomyces sp. 

Journal of Interdisciplinary Cycle Research

Volume XIV, Issue III, March/2022

ISSN NO: 0022-1945

Page No:858



1.3 Application of Amylases in Industry: 

There is a  large variety of commercially available enzymes differing in biological 

source, activity, physical form and characteristics such as pH and temperature optima.It is 

advantageous to use thennostable enzymes, as by carrying out thereaction at higher temperature, 

faster reaction rate can be achieved. Also, increased  reactant  solubilities  and  decreased 

viscosities and microbial contamination can be obtained.Organisms suitable for use in  the 

production of enzymes should be characterized by easy and rapid growth in large fermenters on 

comparatively cheap and simple nutrients without the need for inducers. A high yield of 

enzyme should be obtained in a form that is easy to isolate, purify and concentrate without 

the formation of toxic or immunogenic metabolites. The organisms should have stable 

physiological characteristics and be readily acceptable to the food and drug authorities.Most  

commercially  available  amylases  are  produced  by many microorganisms especially, 

Aspergillus oryzae, Bacillus amyloliquefaciensand Bacillus lichenifb rinis.Amylases have 

been  used in a variety of industrial processes, which require  efficient  saccharification  of 

raw  starch (Fogarty, 1983). This enzymatic hydrolysis of starch is important from the point of 

view of energy saving and effective utilization when compared to acid hydrolysis. 

2.MATERIALS AND METHODS:- 

2.1. Materials: 

2.1.1.Microorganisms:Bacteria and fungi were isolated from various 

Sudanese soils and different food materials.           

                                  

2.1.2. Chemicals:  All general chemicals were of the A.R  grade or equivalent. 3,5  

dinitrosalicylic acid (DNS) and DEAE Sephadex were from Sigma Chemical Company (U.K). 

All media from Oxoid Chemical Company (U.K) and were prepared according to Harrigan and 

McCance (1966) and Peter el at (1986). 

2.2.  Screening of Microorganisms: 
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2.2.1. Screening of Bacterial Isolates: 

Soil samples  were obtained from different areas namely, JKC nagar, A.t.agraharam and  

Chandramouli Nagar . Food materials were obtained from Khartoum local market and 

various homes. 

Ten grams of soil and food samples were suspended in saline phosphate butler pH 7.0. The  

suspension were pasteurized at 80°C for 10 minutes to kill the vegetative forms of the bacteria. 

One ml. of this suspension was then added to 20 ml. of melted nutrient agar medium in a Petri-

plate. This medium was prepared by  dissolving 1g. of meat extract, 2g. yeast extract, 5g. 

peptone, 5g. sodium chloride and 15g. agar in 1 liter distilled water. After adjusting the pH to 

7.5 using either dilute FIC1 or NaOH the medium was then sterilized by autoclaving at 121°C 

and 15 lb/square inch for 15 minutes. The Petri-plates were incubated at 37°C in a Gallenkamp 

(U.K.) cooled incubator. The growth of the bacteria was observed periodically and colonies 

were then picked off and subcultured on a fresh  nutrient agar medium to obtain a pure 

culture . The bacteria were examined using a light microscope. 

2.2.2. Isolation of Fungi: 

Healthy  grains  of different cereals were surface sterilized with 0.01% mercuric chloride 

solution for 3 minutes. They were then washed several times with sterile distilled water in 

sterilized Petri-plates.  The sterilized grains were sown on three layers of sterile moistened 

filter paper in glass Petri-plates. The plates were incubated at 30°C for 7 days. The grains were 

then   examined   for  seed-born  fungi  using  a  stereoscopic  binocular microscope. 

For culturing these seed-born fungi malt extract medium was prepared by dissolving 5g. 

mycological peptone, and 15g. agar in 1 liter distilled water. This medium was  sterilized by 

autoclaving at 121°C and 15 Ib/square inch for 15 minutes. After sterilization the medium was 

poured aspectically in Petri-plates and left to solidify.A single spore of fungi was picked off 

and cultured on this malt extract media. The plates were incubated at 30°C for 7 days. 
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For isolation of yeast lg. of food material was suspended in 10 ml sterile distilled water and 

streaked on malt extract agar. The plates were also incubated at 30°C but for 48 hours. The 

resulting fungi were examined using a light microscope. 

2.2.3. Selection of Isolates: 

The bacterial isolates were grown on nutrient agar and the fungal isolates on malt extract agar 

media. Both media contained 0.2% starch as the major carbon and energy source. The bacterial 

plates were incubated at 37°C for 2 days, while the fungal plates incubated at 30°C for 2-7 days.  

Amylase activity was detected by the formation of a clear zone around the colonies  when  

flooded  with  Grain's iodine solution(1% iodine in 2% potassium  iodide).  The  index  of 

ainylolytic  activity was determined according to the method of Hankin and Anagnostakis 

(1975) using the following formula: 

Index of amylolytic activity = The diameter of the clear zone - The diameter of the culture 

zone 

Based on this index of amylolytic activity ten bacteria were chosen for further 

studies. As judged by microscopic study they were all bacilli.  

For routine keeping of these isolates, nutrient agar medium was prepared (as in expt. 

3.2.1). This medium was distributed in test tubes which were sterilized by 

autoclaving at 121°C and 15 lb/ square inch for 15 minutes. After cooling in a slanted 

way the tubes were inoculated aseptically with the bacillus isolates in a Laminar 

cabinet; each isolate being inoculated in several tubes. These were kept in a 

refrigerator and were recultured every month. These stocks were then used in all 

experiments. 

2.2.4. Morophological and Biochemical Characterization of Bacillus sp.  The  ten  Bacillus  

isolates were characterized using Bergy's Manual of Systematic Bacteriology 

2.2.4.1.  Morphological Tests: 

The bacillus cultures were grown on nutrient broth medium containing 1 g. meat extract, 2g. 

Yeast extract, 5g. Sodium chloride in 1 liter distilled water. The medium was distributed into 250 

ml. conical flasks (100 ml in each) and autoclaved at121°C for 15 minutes. The flasks 

were  inoculated with a loopful of Bacillus  isolates  and  incubated  in  an  incubator  
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shaker(Gallenkamp)  at  37°C.  General morphological characteristics of the vegetative 

cells and sporangia were determined.  

2.2.4.2. Staining of the Spore: 

Staining of the  spore was  carried out according  to the method of Bartholomew and 

Mittwer's (1950). A thin  smear of Bacillus isolate was taken from the broth culture, spread over 

a slide and fixed with heat using a Bunzen flame. The slide was then flooded with Malachite  

green (0.5% solution) and heated gently over a Bunzen flame until steam appeared. This process 

is continued  for 5 minutes, until the stain is nearly dry. The excess stain was removed by 

rinsing the slide with tap water and the smear was flooded with the counter stain safranin 

solution (0.25%) for 30 seconds. Again the slide was washed with tap water and dried either by 

blotting with a filter paper or in the air. The colour of the spore was observed using a light 

microscope. 

2.2.4.3.Biochemical Tests: 

2.2.4.3.1 Production of Catalase: 

Bacillus cultures (from  the stock) were grown on nutrient agar slants (as in expt. 3.2.1) 

for one or two days. They were then flooded with 0.5 ml of 10%hydrogen peroxide. 

Production of air bubbles indicated a positive test as described by Whittenburry (1964). 

2.2.4.3.2. Voges Proskauer Test: 

Voges Proskauer test was carried out according to  the method of Levin (1916 b). Voges 

Proskauerbrothwaspreparedasfollows: 10g. tryptone, 5g. disodium hydrogen phosphate, lg. 

potassium dihydrogenphosphate,2g. sodium chloride,0.1g magnesium sulphate7H20 and 

2g.glucose were dissolved in 1 liter distilled water. After adjusting its pH to6.5,  the  medium  

was  distributed in 5 ml. portions in test tubes andautoclaved at 121°C for 20 minutes. 

After cooling the test tubes wereinoculated  with Bacillus isolates in triplicates(as in 

expt.3.2.4.1) andincubated at37°C for3, 5 and7 days. Three ml of 40% (w/v) 

sodiumhydroxide  were mixed with the culture, followed by addition of 1 ing creatine. 
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Production of a red colour after 30-60 minutes at room temperature is an indication of formation of 

acetyl methyl carbinol. 

2.2.4.3.3.  Production of Acid from Carbohydrates: 

Bacillus cultures were inoculated on acid production medium, containing lg.of diarnmonium 

hydrogen phosphate, 0.2g yeast extract,0.2g potassium chloride,0.2g. magnesium sulphate.7H20 

and15g agar in 1 litre distilledwater .  The pH of the medium was adjusted to 7.0 followed by 

the addition of few drops of 0.04')/0(w/v)  solution of bromocresol purple. The medium was 

distributed into 3 sets of test tubes and sterilized by autoclaving at 121°C for 20 minutes. 

Sterilized D-glucose, L-arabinose and D-mannitol each was added aseptically to each tube to 

make a final concentration of 10% (w/v) and the tubes were allowed to cool in a slanted 

position.The slants were inoculated with the Bacillus isolates and incubated at 37°C for 7 days. 

Production of acid and gas was checked by the change of bromocresol purple from 

purple to yellow colour and appearance of gas bubbles, respectively. 

2.2.4.3.4.Hydrolysis of Starch: 

Duplicate plates of starch agar were inoculated with the Bacillus culture. The  medium was 

prepared from nutrient agar supplemented with 0.2% soluble starch, autoclaved and distributed 

aspectically into Petri-plates. After incubation at 37°C for 3 to 5 days the plates were flooded with 

95% ethanol. Hydrolysis  of starch  was  detected  by the formation of a clear zone 

underneath (after the growth is scraped off) and around the growth. 

2.2.4.3.5. Liquefaction of Gelatine: 

Nutrient  agar supplemented with 0.4% gelatine was prepared, autoclaved at 121°C for 15 

minutes and distributed aspetically into Petri-plates. The plates were then inocubated with the 

Bacillus cultures and incubated at 37°C for 3 to 5 days. They were then flooded with 1N 

sulphuric acid saturated with sodium sulphate. Hydrolysis of gelatine is indicated by formation 

of a clear  zone under and around the growth as described by Cruickshank (1960). 

2.2.4.3.6.  Reduction of Nitrate to Nitrite: 

Nitrate broth  containing 3g. beef extract, 1 g. potassium nitrate, 5g. peptone in 1 litre distilled 

water was prepared. After the pH was adjusted to 7.0, the medium   was distributed into test 

tubes containing Durham's tubes and autoclaved at 121°C for 20 minutes After cooling, the 

tubes were inoculated with the Bacillus isolates and incubated at 37°C for 3-7 days. The 

cultures were then tested with filter paper strips dipped in potassium iodide, followed by 

addition of a few drops of IN hydrochloric acid. Production of a purple colour in the filter 
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paper indicated the presence of nitrite and accumulation of nitrogen gas in the Durham's tubes 

was observed, according to Peter el al (1986). 

2.2.4.3.8. Production of Indole: 

Indole  production  medium  was prepared by dissolving 1 g commercia tryptone  broth in100 

ml distilled water.(This broth was prepared bydissolving10g. trypton and5g. sodium chloride in1 

Liter distilled water).The medium was adjusted to pH 7.5 and then distributed in 5 ml portion 

in test  tubes  and  autoclaved  at 121°C for 15 minutes. The tubes were inoculated with 

Bacillus cultures and incubated at 37°C for 14 days. The cultures were then tested by the 

addition of 2 ml. of a test solution which contained 5g p-dimethyl amino benzaldehyde, 75 ml 

isoamyl alcohol and 25 ml. hydrochloric acid. Production of indole is indicated by the formation 

of a pink to red colour in the alcoholic layer, as described by APHA (1955).5g. milk powder 

were dissolved in 50 nil  distilled water and 1g. agar in another 50  nil distilled water. The two 

media were autoclaved separately at 121°C for 20 minutes, mixed aspetically and then poured 

into thePetri-plates. After cooling the media were streaked across once with the inocula from 

the stock. The Petri-plates were incubated at 37°C for 7-14 days and examined. A clear 

zone around and below the growth was taken as a positive result as described by Davis 

(1959). 

2.2.5. Amylase Production: 

2.2.5.1. Effect of Temperature: A nutrient broth medium containing (g/1) peptone 10; di-

potassium hydrogenphosphate3; magnesium sulphate.7H201 and starch 5 in 1 liter distilled 

water   was prepared. The pH of the medium was adjusted to7.5 and distributed in500 ml 

Erlemnyer flasks;100  ml to each. The media were autoclaved  at121°C  for20  minutes . 

After cooling the flasks were 

Inoculated with a loopful of the chosen isolates (from a 48 hours old culture grown on a 

nutrient agar slant). The cultures were allowed to grow on a rotary shaker (200 rev/min) at 

37°C for 24 hours. Ten ml of these vegetative inoculate were then inoculated in 100 ml  of 

fresh medium also on a rotary shaker (200 rev/min)at different temperatures 

namely25°C,30°C,35°C,40°C,45°C50°C and55°C.  Twenty ml samples were collected for each 

temperature at different time intervals namely  18, 24  and 48 hours. The samples were 

centrifuged to remove   the bacterial cells, using a Sigma Laboratory refrigerated centrifuge 

Gmbh (Germany model 2K15 with Nr 12139 rotor).The supernatants were collected for 

assaying amylase activity (see expt. 3.2.6.3).  Based on the result of this experiment further 

work was performed on six isolates only (see result section expt.4.3.2.). 

2.2.5.2. Effect of pH:Nutrient broth media as  described above (expt.3.2.5.1.) was prepared and 

the pH was adjusted to  different values namely, 5, 6, 7, 8, 9 and 10 using dilute HC1 or 

NaOH solutions. Each isolate was inoculated into a set of these media and grown at 50°C for 
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24 hours. 20 ml of each sample were collected and treated as above (expt. 3.2.5.1). The 

amylolytic activity was determined as described in expt. 2.2.6.3. 

2.2.6 Determination of Amyloltic Activity (Enzyme Assays): 

3.2.6.1 Preparation of Buffer: The buffer used for the enzyme assay was 0.05M sodium 

phosphate buffer pH 7.0. This buffer was prepared by adding 390 ml of 0.05 M monosodium 

phosphate soultion to 610 ml of 0.05 M disodium phosphate solution. the pH was adjusted to 7.0 

using an electronic pH media. 

 

 

2.2.6.2 Preparation of 3,5 Dinitrosalcvlic Acid (DNS): 

3,5 Dinitrosalcylic acid (DNS) was prepared by dissolving in distilled water, 4g. DNS, 4g. 

Sodium hydroxide, 0.8g phenol, 0.5g. Sodium sulphite and 80g sodium potassium tartarate in a 

total volume of 400 ml. 

2.2.6.3.  Determination of Enzyme Activity: Amylolytic activity was measured by the 

method of Bernfeld (1955) as modified by Miller(l 959).The assay mixture contained 2 ml of a 

solution of I% starch in 50 mM sodium phosphate buffer (pH 7.0) and 0.1 ml enzyme solution. 

After 10 minutes of incubation at 40°C, the reaction was stopped by adding 2 ml of 3,5 

dinitrosalicylic acid reagent and the tubes were heated at 100°C   for 5  minutes.  The  

absorbance  was  measured  spectro-photometrically at 540 nm against a blank containing 

buffer instead of the culture  supernatant.  Another  blank  was  prepared  using  part  of the 

supernatant which was heated at 100°C for 5 minutes and used  in the reaction in place of 

buffer. No  difference in absorbance between the two blanks was observed. The amount of 

reducing sugars was calculated from a standard curve constructed by using maltose (Fig 1) 

3.0 RESULTS AND DISCUSION 

3.1. Screening of Bacterial and FungalIsolates for Amylase Production: Eighty six isolates 

of bacteria and  fungi were isolated from food and soil materials in Sudan (Table 1 and 2). Of 

these, sixty six were bacteria, forty two from various food sources and twenty  four from 

different soils. The remainder were fungi obtained from food materials. 

 

3.1.1. Selection of Isolates: 
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When  bacterial isolates were grown on nutrient agar plates containing 0.2% soluble starch as a 

major carbon source, forty one isolates formed clear zones around the colonies when 

treated with iodine as described in the materials and methods section.  

On the basis of the index of amylolytic activity ten isolates were chosen for further 

investigation. All these gave an index  in the range of 2.1- 4.5 cm (Table 1).The twenty fungal 

isolates were also tested for the production of amylolytic activity.  Eleven gave positive result 

but with lower level of amylolytic activity relative to the bacterial isolates (Table 2).Similar 

findings have been published on bacteria(Mai,  et al,1992) andRhizomes  sp. (Hesseltine el al., 

1963; Ellis et al,1974 and Lim et al,1987).However,  the fungal isolates were dropped out 

because of their lower amylolytic activities.  

 

 

 

Table (1) 

 

 

 

Table :-3.1 Screening of bacterial isolates for the production of 

amylase enzymes 

 

S.NO 

BACTERIAL ISOLATES SOURCE INDEX OF AMYLOLYTIC 

ACTIVITY IN CM 

1 SUD P S0101111177 luberosum 1.50 

2 SUD MI Mangifera indica 1.90 

3 SUD M2 Musa sp - 

v 
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4 SUD S1 SolanumMelongena - 

5 SUD S2 Starch - by product 0.81 

6 SUD S3 Sorghum bicolor 0.29 

7 SUD S4 Sorghum vulgeris 2.45* 

8 SUD DM'  Dry milk 0.43 

9 SUD RBI Ropy bread 0.50 

10 SUD Al "Ajin" 1.85 

11 SUD D PenniSielilli glatIC11 2.10* 

 

Table :-3.2 Screening of bacterial isolates for the production of 

amylase enzymes 

 

S.NO 

FUNGAL ISOLATES SOURCE INDEX OF AMYLOLYTIC 

ACTIVITY IN CM 

1 A1 Hordium sp. 0.06 

2 A2 Sorghum bicolor 0.14 

3 A3 Penniselium sp. 0.04 

4 A4 Cicer arietenum 0.03 

Journal of Interdisciplinary Cycle Research

Volume XIV, Issue III, March/2022

ISSN NO: 0022-1945

Page No:867



5 A5 Sorghum bicolor 0.08 

6 A6 Sorghum bicolor 0.06 

7 A7 Sorghum bicolor 0.07 

8 AG Sorghum bicolor 0.03 

9 AM orzya sp. 0.12 

10 Y1 Corn steep liquor 0.01 
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Table:-3.3 MORPHOLOGICAL AND BIOCHEMICAL CHARECTERISTICS 

OF BACILLUS 

 

Characteristics SUD SUD SUD

 SUD SUD SUD SUD SUD SUD SUD 

-SRW -BRW -By -D -K1 -K2 -K3 -K4 -K7 0 

Spore shape - - - * - - - - * - 

Spore position + + + * + + + + * + 

Sporangium swollen - - - - - - + - - - 

Catalaze production + + + + + + + + + + 

Voges Proskauer + + + - + + + + - + 

Acid from : 

D-Glucose + + + + + + + + + + 

L-arabinose + + - - - - - - - - 

D-Mannitol + + + + + + + + + + 

Gas from D-Glucose: + + + + + + + + + + 

Hydrolysis of 

Starch + + + + + + + + + + 

Gelatine + + + + + + + - + 

Casein + + + + + + + + + + 

Utilization of 

Citrate + + + + + + + + + + 

Propionate + + + + + + - + + + 

Deamination of phenylalnine - - - - - - - - - - 

Formation of Indole - - - + - - - - - - 

Nitrate reduced to nitrite + + + + + + + + + + 

Dihydroxyacetone - - - - - - + - - 
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4.0   Summary and Conclusion 

The  important  findings  could  be  summarised  in the followings: 

1-All the enzymes have no specific requirements for metal ions for their activity. this fact is 

of dual importance. From one side the poisonous effects  of heavy metals could be avoided 

since these enzymes are used in the food industry. From the other side the absence of metal 

ions as essentials for enzymic activity. 

2-It is seen that these enzymes operate maximally at relatively low substrate concentration.  

This would indicate that these enzymes are best used in an immobilized  form,  to achieve the 

highest activity and thus the best economic situation. 

          3-Six isolates were found to be thermoophilic with their amylases operating maximally at 

60-70°C.4-Of the six isolates two could be the same strain. These are Bacillus  

lichenifonnis SUM] and SUDK4. When the effect of temperature and time interval, pH, 

substrate concentration, metal ions, organic nitrogen and carbon source were studied in relation 

to amylase production and when effects of temperature, pH, time interval and substrate 

concentration were studied in relation to enzymic activity, the above two isolates were found to be 

very similar. On this basis they could be the same strain.  

5-Of special  importance  among the six strains are Bacillus circulans  

SUDK7 and Bacillus lichenifonnis SUDK2 since they produce glucose. 
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