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ABSTRACT
The basic objective is to study the effecBadvibacillus borstelensis R1 and its partially ffied o-
amylase along with Saccharomyces cerevisiae ifl atbghol dual fermentation. The production of éthy
alcohol was estimated and analyzed for 30 daysgtlar intervals. Yeast extract, peptone and starch
medium (YPS) was inoculated with Saccharomycesvisee as control and with Saccharomyces
cerevisiae and Brevibacillus borstelensis R1 as tasour studies of dual fermentation, 5% co-stsof
Saccharomyce cerevisiae and Brevibacillus borsgieR1 showed maximum (3.3740.23U/ml) alcohol
production on the Ziday.

Keywords. Brevibacillus borostelensis RL-amylase, Saccharomyces cerevisiae, Dual fermentati
alcohol.

INTRODUCTION
Nielsen & Borchert usedo-amylases for starch hydrolysis in the starch itrgusn starch liquefaction
process starch converts into fructose and glucgrsps. Process requiresamylase which is more active
at high temperature. Gup#t al.? and Prakash & Jaiswateported the involvement ef-amylases in
enzymatic conversion of starch (includes gelattiiza liquefaction and saccharification) in to nosk
and glucose. Blooret al*, Takasakiet al®, Bajpi & Bajpi®, Shetty & Craband Akibaet al® reported
that many industries useamylases for the production of simple sugar glacd$ie enzymes hydrolyze
-1, 4 glycoside linkages in the starch polymer imamdom manner to yield maltose and glucose.
Therefore alpha-amylase is extensively used ingtras for the production of glucose.
For ethyl alcohol production, starch is the mostdusubstrate due to its low price and easily abkila
raw material in most regions of the wdtldh beer industries microbial amylases are useaidacereal
amylases in the production of fermentable stigdthe bioconversion of starch into ethanol involves
liquefaction and saccharification, where starchcinverted into sugar by using an amylolytic
microorganism or enzymes such aamylase, subsequently by fermentation, sugar iwerted into
ethanol using an ethanol forming microorganism sashyeastSaccharomyces cerevistae Among
bacteria,a-amylase obtained from thermoresistant bact&aillus licheniformisgengineered strains of
Escherichia coliandBacillus subtiliswere used during the first step of hydrolysis afai suspensioffs
Still further studies are needed to reduce the lwpsiual fermentation method for ethanol production
Ethanol formed by the bioconversion of starchy make is commonly known as biofuel. In the present
scenario, however, production cost is very higherErough methods are developed to minimize cost by
fermentation of starch to ethanol in one step usivg different co-culture strains and low temperatu
cooking fermentation systems that succeeded inciedienergy consumption by approximately 50%, it
is still necessary to add large amounts of amyiplghzymes to hydrolyze the starchy materials to
glucoseé®**,
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MATERIALS AND METHODS
Estimation of amylase by DNS method
Maltose produced by the hydrolytic activity @famylase oru-1, 4 linkages present in polysaccharides,
reduce 3, 5 dinitro salicylate to an orange redreal 5-nitro 3-amino salicylate which can be meedat
520nm. The starch substrate [0.5ml of 0.5% in Ogdibsphate buffer (pH 6.8)] was mixed with 1%
(0.2ml) NaCl in a test tube and pre incubated 8&€3dr 10 minutes. The supernatant collected froen th
centrifugation of the production media was usedeasyme source, 0.5ml of this was added to the
reaction mixture. The reaction was terminated by alddition of 1.0 ml of 3, 5-dinitrosalicylic acid
reagent [1.0 gm DNS in 0.8% NaOH, 60% Na K tarjrafter incubation at 3T for 15 minutes. The
contents were mixed well and kept in boiling wabath for 10 minutes. Then they were cooled and
diluted with 10 ml of distilled KD. The color developed was read at 520nm. Oneofigihzyme activity
is defined as the amount of enzyme that releaemol of reducing sugar (maltose) per minute under
the assay conditions.
Ethyl alcohol dual fermentation
Yeast extract peptone starch medium (Modified madifi Yeast extract peptone dextrose) in gm/l. yeast
extract 10, peptone 20, starch 20 at pH 6.0. Huhdreof YPS medium was taken in two erlenmeyer
flasks labeled as control and test. The erlenmdlgsks were inoculated with 5%accharomyces
cerevisiaeas control, and test with 58revibacillus borostelensiR1l & 5% Saccharomyces cerevisiae
Ethyl alcohol and maltose were estimated for 30@dys interval of three days.
Determination of Ethyl alcohol
The production of ethyl alcohol in control and testre measured by Potassium dichromate méethod
Statistical analysis
All the experiments were conducted in ftriplicatdneTresults were given as mean value + standard
deviation. The conditions were analysed to deteerttie singnificant difference between the variables
one way ANOVA, two way ANOVA and correlation andly$y using the scientific graph pad (Prism
6.1version software). Analysis of variance (ANOW&Yfers to the examination of differences among the
sample means. It is used to examine the signifeeariche difference amongst more than two sample
means at the same time.

RESULTS AND DISCUSSION
Ethyl alcohol dual fermentation
The application ofi-amylase for ethyl alcohol production in Yeast agty peptone and starch (YPS)
medium is shown in fig. 1la. The production of ethldohol was estimated by using standard curve as
shown in fig.1b. The ethyl alcohol was analyzed30rdays at regular intervals as shown in fig.YleS
medium was inoculated witBaccharomyces cerevisias control and with Saccharomyces cerevisiae
and Brevibacillusborstelensisas test. In our studies of dual fermentation, 5%tcains ofS.cerevisiae
and Brevibacillus borstelensi®1 (test) showed maximum (3.37+0.23U/ml) alcohaldoiction on 2%
day.

Fig. 1:
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Dual fermentation: a, Fermentation flasks with contol and test; b, standard curve of ethyl alcohol ad c,
ethyl alcohol activity (U/ml) in YPS medium, contrd: inoculated with Saccharomyces cerevisiae and test
inoculated with Saccharomyces cerevisiae & Brevibacillus borstelensis R1

In dual fermentation by using co-strailsevibacillus borstelensiR1 (a-amylase producing) along with
Saccharomyces cerevisiag@mve the best results on®2tlay in ethyl alcohol production than with
S.cerevisiaealone. Similarly dual fermentation witBacillus spp.in ethyl alcohol production was
reported by Matsumotet al’®,  De Moraest al™, Moraeset al.*’, Santa Mariaet al *%, Oner*® and
Chietal?.

CONCLUSION
The production of ethyl alcohol was estimated amalyazed for 30 days at regular intervals. Yeastaekt
peptone and starch medium (YPS) was inoculated Sdttcharomyces cerevisias control and with
Saccharomyces cerevisiaad Brevibacillus borstelensiR1 as test. In our studies of dual fermentation,
5% co-strains ofSaccharomyce cerevisiaand Brevibacillus borstelensisR1 showed maximum
(3.37+0.23U/ml) alcohol production on the*ay.

Acknowledgements
The authors are grateful to the Management of Dikapalli Bullayya College, Visakhapatnam for the
financial support and facilities provided to caont the work successfully.

REFERENCES

1. Nielsen, J.E. and Borchert T.V., Protein enginggeiifi bacterial alpha-amylaseBioch. Biophys.
Acta., 1543 253-274 (2000)

2. Gupta, R. Gigras, P. Mohapatra, H. Goswami, V.Kd &hauhan, B., Microbial a-amylase: a
biotechnological perspectivBroc. Biochem.38: 1599-1616 (2003)

3. Prakash, O. and Jaiswal, N., Alpha-amylase: AnlldRspresentative of Thermostable Enzymes.
Appl Biochem Biotechngil991-16 (2009)

4. Bloom W.L. and Wilhelmi A.E., Dextran as a sourck liwer glycogen and blood reducing
substance?roc.Soc. Exp. Biol.81: 501-503 (1952)

5. Takasaki, Y. Furutani, S. Hayashi, S. and ImadaAkid-stable and thermostable alphaamylase from
Bacillus lichemiformis. J. Ferment Bioeng7: 94-96 (1994)

6. Bajpai, P. and Bajpai, P., High-temperature allatiramylase fronBacillus licheniformisSTCRDC-
B13. Biotech. Bioeng33: 72-78 (1989)

Copyright © August, 2014; IJPAB 24



Suribabu, K. et al Int. J. Pure App. Biasti4): 22-25 (2014) ISSN: 2320051

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Shetty, J.K. and Crab, W.D., Commaodity scale prtidacof Sugars from starcheSur. opinion in
Microbio., 2: 252-256 (1990)

Akiba T., Kawak Y.S. and Kudo T., Purification addaracterization of alpha-amylase from hyper-
thermophilic Thermococcus profundusvhich hydrolyzes both alpha 1-4 and 1-6 glucosidic
linkage.J. Fermn. Bioeng86. 363-367 (1999)

Chi Z., Liu G.,Wang F., Ju L. and Zhang Saccharomycopsis fibuligeand its applications in
biotechnologyBiotech. Adv.27: 423-431 (2009)

Kirk, O. Borchert, T.V. and Fuglsang, C.C., Indigtenzyme application€urr. Opin. Biotechol.,
13 345-351 (2002)

De Moraes, L.M. Astolfi-Filho, S. and Oliver, S,@evelopment of yeast strains for the efficient
utilisation of starch: evaluation of constructsttbapress alpha-amylase and glucoamylase separately
or as bifunctional fusion protein&ppl. Microbiol. Biotechnol.43:1067-1076 (1995)

Sanchez, 0.J. and Cardona, C.A., Trends in Wiotdogical production of fuel ethanol from
different feedstock®ioresour. Technol.99: 5270-5295 (2008)

Matsumoto, N. Fukushi O. Miyanaga, M. Kakihara, Kakajima, E. and Yoshizumi, H.,
Industrialization of a non cooking system for alolit fermentation from graing\gric. Biol. Chem

46: 1549-1558 (1982)

Matsumoto, N. Yoshizumi, H. Miyata, S. and Inoue, Bevelopment of the noncooking and low
temperature cooking systems for alcoholic ferménadf grains.Nippon Nogeikagaku Kaishi59:
291-299 (1985)

Miller, G.L., Use of Dinitro salicylic acid reagefudr determination of reducing sug&maly. Chem.,
31 426 — 429 (1959)

Williams, M.B., Reese. and Darwin., Colorimetric tefenination of ethyl alcohoknal.
Chem.22: 1556-1564 (1950)

Moraes, L.M.P., Filho, S.A. and Ulhoa, C.J., Padfion and some properties of aramylase
glucoamylase fusion protein fro®accharomyces cerevisia&/orld J. Microbiol. Biotechnol.15:
561-564 (1999)

Santa maria R.l, Del Rio G., Saab G., Rodriguez . M30beron X. and Lopez A., Alcoholysis
reactions from starch with alpha-amyladeSBS Letters.452 346-350 (1999)

Oner, E.T., Optimization of ethanol production frostarch by an amylolytic nuclear petite
Saccharomyces cerevisiagain.Yeast. 23 849-856 (2006)

Copyright © August, 2014; IJPAB 25



