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ABSTRACT

Bioethanol is currently the most widely used liquid biofuel in the world. Starch rich crops occupy the
first place as biomass for bioethanol production. Amylases (EC 3.2.1.1) are enzymes that
hydrolyses starch into sugar units, and pre-treating starch with amylolytic bacteria or directly by
amylase might have a positive effect on fermentable sugars concentrations and ultimately result in
increased ethanol yields.

In this study, an amylase producer strain Bacillus subtilis TLO3 newly isolated from rhizospheric soil
was used for amylase production; after investigating the best combination of physico-chemical
parameters. The crude enzyme was used for the pre-treatment of raw corn and wheat starches.
Immediately afterwards, the yeast Saccharomyces cerevisiae was inoculated into the saccharified
starch solutions for fermentation. Measures were done for total reducing sugars and ethanol
production all along the fermentation process.

Thus, the best amylase production was obtained using 0.5% starch; 0.5% xylose; 0.25% urea; 2.5%
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NaCl; 3% bacterial inoculum; pH 7; Temperature 50C and 24h incubation time.

Amounts of reducing sugars of 70% and 91% were obtained after saccharification of wheat and corn
starch, respectively, by crude amylase. The fermentation process monitoring showed a continuous
decrease in the total sugars, concurrently with an increase in ethanol production that reached 0.92
o/l (2%) for wheat flour and 1.1 g/l (2.4%) for corn flour after 24 h.

Keywords: Amylase; optimization; Bacillus subtilis TLO3; bioethanol; pre-treatment; raw starch;

Saccharomyces cerevisiae.
1. INTRODUCTION

Throughout the 20" century, oil and its
derivatives became the main energy source, thus
leading to a global economic dependence [1].
Besides this, fossil fuels are a major contributor
to greenhouse gases emissions, leading to
global climate changes. Biomass can make a
substantial contribution to supplying future
energy demand in a sustainable way. It is
presently the largest global contributor of
renewable energy [2]. Bioethanol is currently the
most widely used liquid biofuel in the world.
Global ethanol production was about 13000
million gallons in 2007, and production has
almost doubled over the past years, with a
production approaching 26000 million gallons for
2015 [3]. Bioethanol can be produced using
different biomass, but at present it is produced
exclusively via 1% generation technologies,
utilizing sugar and starch-rich feedstocks, as no
commercial size 2™ generation cellulosic ethanol
facilities are presently in operation [4]. Starch is a
natural, cheap, available, renewable, and
biodegradable carbohydrate polymer produced
by many plants as a source of stored energy.
Bioethanol production using starch rich materials,
represents a cost-effective means for the
production of bio-alcohol comparing to the use of
lignocelluloses [5]. Corn is the dominant material
in the starch to ethanol transformation industry
worldwide [6]; however, wheat is the first
available material for the production of bioethanol
in some regions [4]. Traditional conversion of
starch into alcohol requires a two-stage process:
hydrolysis of starch by acid or amylolytic enzyme
and fermentation by anaerobic bacterium or
yeast.  Simultaneous saccharification and
fermentation with mixed cultures is an effective
method for the direct fermentation of starch
offering the advantages of realization in one
reactor and the glucose produced is rapidly
converted into ethanol [7]. However, in this
system the ethanol yield decreases because
starch is consumed by the growth of amylolytic
microorganisms. To increase the production of
ethanol, it is necessary to breed a microorganism
by a genetic manipulation, which can directly

ferment starch into ethanol [8]. In the present
study, two starch-rich products (wheat and corn
flours); were used as substrates for the
production of ethanol. The raw starch contained
in the flours was pre-treated with crude amylase
produced by the strain B. subtilis TLO3, which
optimal production conditions were previously
investigated. Thereafter, the released sugars in
solution were fermented using the yeast S.
cereviseae. The results obtained for the two
flours were compared to determine the effect of
amylase pre-treatment on each substrate
concerning starch hydrolysis and thus ethanol
production.

2. METHODOLOGY
2.1 Biological Material

Wheat (Triticum durum) and corn (Zea mays)
flours were used as starch-rich substrates for the
production of bioethanol. The strain Bacillus
subtilis TLO3 (accession number KR262718)
was isolated aseptically (15 cm depth) from
rhizospheric soil of olive tree in the region of
Tlemcen (Algeria) and selected after a screening
program from different sources based on
amylase production and physiological features
(data not shown). The strain S. cereviseae
S288C was obtained from a commercial source.

2.2 Amylase Production Optimization

Medium composition and production conditions
were optimized to obtain the best combination for
optimal amylase production by the strain
B. subtilis TLO3. The optimization was done
using the One-Variable-at-Time (OVAT) method
and amylase activity was analysed by estimating
the released reducing ends of sugar according to
the dinitrosalicylic acid (DNS) method of Miller
[9]. The sample to be assayed was mixed with
starch 1% (v/v) buffered in sodium phosphate pH
6.8; then the mixture was incubated for 30 min at
50C. The reaction was stopped by adding the
same volume of DNS reagent and boiled for 10
min at 100<C. The absorbance was read using a
spectrophotometer at 540 nm.




The experiments were realized using basal
media containing 5 g potato starch and 2 g yeast
extract per 1000 ml distilled water (w/v), with pH
7 and shaking at 150 rpm. The production media
were sterilized by autoclaving at 121 for 20
min. The flasks were then cooled and inoculated
with the 4% (v/v) B. subtilis TLO3 culture seed
(DOGOO = 005)

The following parameters were tested: secondary
carbon sources (glucose, cellobiose, sucrose,
xylose, galactose, lactose, cellulose, tween 20,
tween 80, glycerol (0,5%) (w/v)); nitrogen
sources (peptone, casein, yeast extract, urea,
gelatine (0,25%) (w/v), sodium nitrate and
sodium nitrite (0,5%) (w/v)); NaCl concentration
(2,5,5, 10, 15, 20, 25% (w/v)) ; pH (5, 6,7, 8, 9,
10); Temperature ( 28C, 37C, 50C, 60T and
80<C); Inoculum size (0,5, 1, 2, 3, 4, 5% (v/v))
and incubation time (24, 48, 72 hours).

2.3 Amylase Production

Two 500 ml flasks containing 120 ml amylase
production optimized medium were prepared.
The strain B. subtilis TLO3 was cultivated on
nutrient broth for 24h at 50<C. Three per cent of
the culture (v/v) was inoculated to the amylase
production media. After 24 h of incubation at
50C under orbital shaking 150 rpm, the media
were centrifuged at 10000 rpm during 10 min at
4C and the supernatants were used as crude
amylase for the saccharification of the flours.

2.4 Wheat and Flours
Saccharification

Corn

Ten grams of each flour was added to the crude
supernatant then incubated under orbital shaking
150 rpm at 45 for 4h for wheat flour, and at
35 for 24 h for corn flour, in accordance with
time and temperature of saccharification
necessary for each starch [10,11]. Samples were
taken every hour and centrifuged at 10000 rpm
for 10 min to determine the amount of reducing
sugars released. Media were finally centrifuged
at 10000 rpm for 10 min at 4%C; then the
supernatants autoclaved at 121<C for 20 min.

2.5 Reducing Sugars Fermentation Using
Saccharomyces cereviseae

The strain S. cereviseae S288C was cultivated
on a Peptone-yeast-glucose PYG medium
containing 1.25 g peptone; 1.25 g yeast extract
and 3 g glucose per 1000 ml of distilled water
(w/v); for 48 h at 30C. Each saccharification
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medium was inoculated with 5% yeast culture
(viv) (DOgoo = 0.05). The media were then
incubated at 30C for 24h and samples were
taken each hour for the monitoring of reducing
sugar and ethanol concentrations.

2.6 Determination of Reducing Sugars
and Ethanol Production

The amount of reducing sugars was measured
before and after flours saccharification and
throughout the fermentation process using the
DNS method [9]. Concerning the ethanol
production, it was determined by the colorimetric
method described by Sumbhate et al. [12]. A
mixture containing 0.5 ml sample to be assayed,
was mixed with 0.5 ml sodium dichromate
reagent; 0.5 ml acetate buffer pH 4.3 and 2.5 ml
sulphuric acid 1N. The solution was then
vortexed for 1 min then incubated at room
temperature for 120 min. The absorbance was
read at 578 nm using a spectrophotometer and a
standard curve was plotted using different
ethanol concentrations.

3. RESULTS AND DISCUSSION
3.1 Amylase Production Optimization

The highest amylase production (367 = 6 U/ml)
was obtained using 0.5% starch as essential
carbon source, 0.5% (w/v) xylose as secondary
carbon source, 0.25% (w/v) urea as nitrogen
source, 2.5% (w/v) NaCl and 3% (v/v) inoculum
size. The production was at its optimum at initial
pH 7, temperature 50C and 24 h incubation
period at 150 rpm shaking.

Many Firmicutes bacteria are able to utilize
xylose as carbon source (Gu et al., 2010). Xylose
may be implied in ribose synthesis, an important
sugar in nucleic acid formation. Indeed, Park et
al. [13] reported the isolation of transketolase
deficient B. subtilis strain, which was able to
produce D-ribose from xylose. Nahas and
Waldemarin [14] showed that xylose was among
the best supplementary carbon sources for
highest amylase production using the fungi
Aspergillus ochraceus.

Among organic and inorganic nitrogen sources
employed, urea showed the highest amylase
activity, followed by sodium nitrate. This shows
that this strain has no preference between
inorganic and organic nitrogen source for
amylase production. Nagarajan et al. [15]
reported maximum amylase production by
B. subtilis strain using urea as nitrogen source.



The high production vyield noted at high
temperature is an asset in industrial enzyme
production because it influences both bacterial
growth and amylase production [16]. Many
studies reported optimum amylase production in
this temperature range using Bacillus strains [17-
19].

Also, maximum amylase production in short time
(24 h), represent promising results for application
at large scale allowing considerable energy
savings. Similar works reported maximum
amylase activity after 24 h using Bacillus strains
[20,21]. Optimization results are presented in
Table 1.
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3.2 Wheat and Corn Flours Amylase Pre-
treatment

Flours starch saccharification was performed
using crude amylase produced by B. subtilis
TLO3 (Fig. 1, Fig. 2). A good yield of released
reducing sugars was noted for both flours. Thus,
percentages of 70% and 91% of reducing sugars
were obtained during the saccharification of
wheat and corn flours, respectively; Proving the
efficiency of starch saccharification of the crude
amylase produced by B. subtilis TLO3. Several
studies reported raw starch saccharification for
bioethanol production using amylase produced
by Bacillus spp. strains [22-25].
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Table 1. Results of amylase production optimization

Secondary carbon source Amylase activity (U/ml) (me  an + SD)
Glucose 1825+3

Galactose 254.44 £ 7

Xylose 347.22+1
Cellobiose 231.66 £1
Saccharose 118.88 + 2

Lactose 297.22+8

Maltose 24416 £ 6

Cellulose 81.66+5

Glycerol 159.72+1

Tween 20 133.33+7

Tween 80 11755

Nitrogen sources Amylase activity (U/ml)
Peptone 86,66666667 + 2
Yeast ext 126,6666667 + 5
Casein 134,1666667 + 7
Urea 165,2777778 +7
Gelatin 141,6666667 + 6
NaNo2 61,11111111+3
NaNo3 153,3333333 +5
NaCl (%) Amylase activity (U/ml)
0 108,6111111 +1

2,5 151,9444444 +5

5 126,6666667 + 10

10 94,44444444 + 5

15 83,33333333+3

20 63,88888889 +5

25 55+2

pH Amylase activity (U/ml)
5 109,7222222 +5

6 1125+7

7 153,8888889 + 8

8 131,3888889 + 8

9 108,3333333 5

10 100,5555556 + 2
Temperature Amylase activity (U/ml)
28 93,88888889 + 1

37 164,7222222 + 4

50 167,2222222 +8

60 194,4444444 +5

80 4527777778+ 3

Inoculum size (%)

Amylase activity (U/ml)

0,5

115+3

1 101,3888889 + 3
2 107,55

3 113,3333333 7
4 108,6111111 +6
5 103,8888889 + 1

Incubation time (h)

Amylase activity (U/ml)

24
48
72

108,6111111 +1
9527777778 £5
85,83333333+3




3.3 Fermentation of Reducing Sugars and
Ethanol Production

The monitoring during 24 h of reducing sugars
fermented and ethanol produced is shown in Fig.
3 and Fig. 4. The choice of an incubation time of
24h for the fermentation was motivated by the
advantage of production of ethanol in a short
time which allows doing considerable energy
savings. The reducing sugars concentration at
the beginning of the fermentation was 100 pg/mi
and 165 pg/ml, for wheat and corn flours,
respectively. This difference could be due to the
starch content of corn 79% [26], which is superior
to that of wheat 62% [27]. The presence of
resistant starch inaccessible to amylase
enzymes up to 13% for wheat flour and 8.1% for
corn flour [28], can also explain that difference.
The monitoring of reducing sugars concentration
during the fermentation showed a slight increase
in the 3 first hours, which can be explained by a
secretion of amylase by the yeast. Indeed, the
strain S. cereviseae S288c possesses an a-
glucosidase MAL32 expressed in early log phase
[29]. This was followed by a continuous decrease
reaching 42% and 79% less for wheat flour and
maize, respectively, comparing to initial
concentrations. This decrease indicates clearly
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that the yeast transformed the reducing sugars
obtained after the saccharification of the flours
starch. Concerning ethanol production, the
monitoring showed a production yield of 0.92 g/l
(2%) for the wheat flour and 1.1 g/l (2.4%) for the
corn flour after 24 h. For the wheat flour the
production was steady during the 4 first hours,
and then a continuous increase was noticed
from the fifth hour. For the corn flour, after an
increase during the 3 first hours, the amount of
ethanol declined during 3 hours, then resumed
the increase in a continuous manner until 24 h.
This decrease could be due to a contamination
by an acetic acid bacteria, which could ferment
ethanol and transform it to acetic acid by and
oxydo-reduction  reaction  [30-32],  which
represents a limiting factor in bioethanol
production process. The best ethanol vyield
was obtained using corn flour because of
the higher starch content, and thus
fermentable sugars. Evaluative studies
concerning starch for ethanol yield optimization
described five criteria that influences the
functional properties of starch: amylose/
amylopectin content [33-37], the morphology of
starch granule [38], the fine structure of
amylopectin [39-41], thermal properties [34,36]
and pasting properties [36].

—&— Reducing sugars
Time (h) - - Ethanol
0 5 10 15 20
350 1 1 1 1 —l 1
—————— r 0.9
€0 ([ ___o=e==="
— =" - 0.8
£ 250 /‘—
~ - 0.7
E Ik T =
~ L SN
2 200 06 =
ban - 0.5 %
o 150 - 04 £
£ i
o
§ 100 4 L 03
5 - 0.2
50
3 0.1
0 0
0 5 10 15 20
Time (h)

Fig. 3. Amounts of ethanol produced and reducing su

gars fermented during the fermentation

of wheat flour using Saccharomyces cereviseae



Choubane and Cheba; BJI, 19(3): 1-9, 2017; Article no.BJ1.35030

Time (h)

250 ! !

—— Reducing
sugars
- = = Ethanol

! 1.2

Time (h)

— 200
E
SS
]
2 =
> 150 3
53 S
> c
7] ]
% 100 £
g - 04"
]
<

>0 - 0.2

0 0

0 5 10 15 20

Fig. 4. Amounts of ethanol produced and reducing su

gars fermented during the fermentation

of corn flour using Saccharomyces cereviseae

4. CONCLUSION

Bioethanol production using starch rich
substrates remains, to the present, the most
cost-effective means for bio-alcohol production;
due to ease of saccharification comparing
to lignocelluloses. Amylase production
optimization has indicated that B. subtilis TLO3
is a promising candidate for starch
transformation industry due to high amylase
activity, production at high temperature
and reduced time. Raw corn and wheat
starches were pre-treated with crude amylase
produced using the obtained parameters
combination and high saccharification vyields
were obtained. Also good ethanol production
was achieved, after fermentation of the released
reducing sugars by the yeast S. cereviseae
S288C.

Corn flour showed the best saccharification yield
and ethanol production, confirming that it is, so
far, the best starch substrate for ethanol
production. For further improvement, statistical
design optimization of bioethanol production
conditions is envisaged, with the aim to achieve
a successful scale-up to industrial level
production.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Cinelli BA, et al. A brief review on the
emerging technology of ethanol production
by cold hydrolysis of raw starch. Fuel.
2015;150:721-729.

2. IEA_Bioenergy. Bioenergy — a sustainable
and reliable energy source. A review of
status and prospects; 2009. (cited 2016
December 2016); ExCo: 2009:06:
Available:http://www.ieabioenergy.com/pub
lications/main-report-bioenergy-a-
sustainable-and-reliable-energy-source-a-
review-of-status-and-prospects/

3. Renewable fuel association. World Fuel
Ethanol Production; 2015.

(cited 2016 December 12)
Available:http://ethanolrfa.org/resources/in
dustry/statistics/

4. Saunders J, Levin DB, lIzydorczyk M,
Limitations and challenges for wheat-
based bioethanol production, in economic
effects of biofuel production, Dos MA




10.

11.

12.

13.

14.

15.

16.

17.

Santos Bernardes, Editor. InTech: Rijeka.
2011;430-452.

McAloon A, et al. Determining the cost of
producing ethanol from corn starch and
lignocellulosic feedstocks. National
Renewable Energy Laboratory Report;
2000.

Gnansounou E, Dauriat A. Ethanol fuel
from biomass: A review. Journal of
Scientific and Industrial Research. 2005;
64(11):809.

Beschkov V, Marc A, Engasser JM, A
kinetic model for the hydrolysis and
synthesis of maltose, isomaltose, and
maltotriose by glucoamylase. Biotechnol
Bioeng. 1984;26(1):22-6.

Sakuragi HK, Kuroda, Ueda M. molecular
breeding of advanced microorganisms for
biofuel production. Journal of Biomedicine
and Biotechnology. 2011;416931.

Miller GL, Use of dinitrosalicylic acid
reagent for determination of reducing
sugar. Analytical Chemistry. 1959;31(3):
426-428.

Textor SD, et al. Cold enzyme hydrolysis
of wheat starch granules. The Canadian
Journal of Chemical Engineering. 1998;
76(1):87-93.

Uthumporn U, Zaidul ISM, Karim AA.
Hydrolysis of granular starch at sub-
gelatinization temperature using a mixture
of amylolytic enzymes. Food and
Bioproducts Processing. 2010;88(1):47-54.
Sumbhate SV, et al. Colorimetric Method
for the Estimation of Ethanol in Alcoholic-
Drinks. 2012;1(1):6.

Park YC, et al. Characterization of D-
ribose biosynthesis in Bacillus subtilis
JY200 deficient in transketolase gene. J
Biotechnol. 2006;121(4):508-16.

Nahas E, Waldemarin MM. Control of
amylase production and growth
characteristics of Aspergillus ochraceus.
Rev Latinoam Microbiol. 2002;44(1):5-10.

Nagarajan M, Paripuranam T,
Umamaheswari S. Efficient production of
Alpha — amylase from agro residues using
Bacillus subtilis. J. Chem. Pharm. Res.
2010;2(4):442-448.

Sundarram A, Murthy TPK. a-amylase
production and applications: A review.
Journal of Applied & Environmental
Microbiology. 2014;2(4):166-175.

Deb P, et al. Production and partial
characterization of extracellular amylase
enzyme from Bacillus amyloliquefaciens P-
001. Springer Plus. 2013;2(1):154.

Choubane and Cheba; BJI, 19(3): 1-9, 2017; Article no.BJ1.35030

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Teodoro CEDS, Martins MLL. Culture
conditions  for the  production  of
thermostable amylase by Bacillus sp.
Brazilian Journal of Microbiology. 2000;31:
298-302.

Thippeswamy S, Girigowda K, Mulimani
VH. Isolation and identification of alpha-
amylase producing Bacillus sp. from dhal
industry waste. Indian J Biochem Biophys.
2006;43(5):295-8.

Irfan M, et al. Evaluation of Cultural
conditions for thermostable a-Amylase
production by Bacillus sp. Pak. J. Biochem.
Mol. Biol. 2009;42(2):43-48.

Mrudula S, Kokila R. Production of
Thermostable a-amylase by Bacillus
cereus MK in solid state fermentation:
partial purification and characterization of
the enzyme. The Internet Journal of
Microbiology. 2010;8(1):1-16.

Sokarda Slavic M, et al. Overcoming
hydrolysis of raw corn starch under
industrial conditions with Bacillus

licheniformis ATCC 9945a a-amylase.
Applied Microbiology and Biotechnology.
2016;100(6):2709-2719.

Kalpana BJ, Pandian SK. Halotolerant,
acid-alkali stable, chelator resistant
and raw starch digesting alpha-amylase
from a marine bacterium Bacillus subtilis
S8-18. J Basic Microbiol. 2014;54(8):802-
11.

Somda M, et al. Improvement of bioethanol
production using amylasic properties from
Bacillus licheniformis and yeasts strains
fermentation for biomass valorization.
Asian J. Biotechnol. 2011,3:254-261.

Tran HTM, et al. Potential use of Bacillus
subtilis in a co-culture with Clostridium

butylicum for acetone—butanol-ethanol
production from cassava starch.
Biochemical Engineering Journal. 2010;

48(2):260-267.

Jaekel LZ, et al. Influence of xylanase
addition on the characteristics of loaf bread
prepared with white flour or whole grain
wheat flour. Food Science and Technology
(Campinas). 2012;32:844-849.

Neves MAD, et al. Production of alcohol by
simultaneous saccharification and
fermentation of low-grade wheat flour.
Brazilian  Archives of Biology and
Technology. 2006;49:481-490.

Murphy MM, Douglass JS, Birkett A.
Resistant starch intakes in the United
States. Journal of the American Dietetic
Association. 2008;108(1):67-78.



29.

30.

31.

32.

33.

34.

Uni  Prot. Alpha-glucosidase MAL32
(EC:3.2.1.20); 2017.
(Access: July 2017)
Available:http://www.uniprot.org/uniprot/P3

8158

Brex6 RP, SantAna AS. Impact and
significance of microbial contamination
during  fermentation for  bioethanol

production. Renewable and Sustainable
Energy Reviews. 2017;73:423-434.

Goémez-Manzo S, et al. The Oxidative
Fermentation of Ethanol in
Gluconacetobacter diazotrophicus Is a
Two-Step Pathway Catalyzed by a Single

Enzyme: Alcohol-Aldehyde
Dehydrogenase (ADHa). International
Journal of Molecular Sciences. 2015;

16(1):1293-1311.

Beckner M, Ivey ML, Phister TG. Microbial
contamination of fuel ethanol
fermentations. Lett Appl Microbiol. 2011;
53(4):387-94.

Lee MR, Swanson BG, Baik BK. Influence
of amylose content on properties of wheat
starch and breadmaking quality of starch
and gluten blends. Cereal Chemistry.
2001;78(6):701-706.

Wu X, et al. Factors impacting ethanol
production from grain sorghum in the dry-
grind process 1. Cereal Chemistry. 2007;
84(2):130-136.

Choubane and Cheba; BJI, 19(3): 1-9, 2017; Article no.BJ1.35030

35.

36.

37.

38.

39.

40.

41.

Wu X, et al. Effects of amylose, corn
protein, and corn fiber contents on
production of ethanol from starch-rich
media 1. Cereal Chemistry. 2006;83(5):
569-575.

Zhao R, et al. Comparison of waxy vs.
nonwaxy wheats in fuel ethanol
fermentation. Cereal Chemistry.
2009;86(2):145-156.

Zhu LJ, et al. Characterization of arsenic-
resistant  endophytic  bacteria  from
hyperaccumulators Pteris vittata and Pteris
multifida. Chemosphere. 2014;113:9-16.
Liu Q, et al. Investigation of digestibility in
vitro and physicochemical properties of A-
and B-type starch from soft and hard
wheat flour. Cereal Chemistry. 2007;84(1):
15-21.

Ao Z, Jane Jl. Characterization and
modeling of the A-and B-granule starches
of wheat, triticale, and barley.
Carbohydrate Polymers. 2007;67(1):46-55.
Sasaki T, et al. Comparison of physical
properties of wheat starch gels with
different  amylose content. Cereal
Chemistry. 2002;79(6):861-866.

Zhang G, Sofyan M, Hamaker BR, Slowly
digestible state of starch: mechanism of
slow digestion property of gelatinized
maize starch. Journal of Agricultural and
Food Chemistry. 2008;56(12):4695-4702.

© 2017 Choubane and Cheba; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/20601




