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Abstract: Saccharomyces cerevisiae NP 0] was grown on sweet sorghum stem juice under normal gravity (NG,
total sugar of 240 g 1.7") and very high gravity (VHG, total sugar of 280 g I.7") conditions. The effects of initial
cell concentrations (1x10° 1x107 and 1x10° cells mI.™') and nitrogen supplementation [0.5% (NH,),530,] on
growth and ethanol production were mvestigated. The experiments were carried out at 30°C in a 2-L fermenter
under an agitation rate of 100 rpm. Under both NG and VHG fermentations, the mitial cell concentration of

1x10° cells mL™" and sweet sorghum stem juice without nitrogen supplementation gave the maximum
ethanol production efficiencies. The concentration, productivity and yield of ethanol were 105.12+1.34 g 1.7,
2.9240.04 g L™ h™" and 98.33+1.25% of theoretical vield, respectively at the fermentation time of 36 h under the
NG condition. Under the VHG fermentation, the maximum ethanol concentration was not varied from that of the
NG conditions, whereas the productivity and yield of ethanol were significantly lower than those of the NG

conditions.
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INTRODUCTION

Accumulation of carbon dioxide in the atmosphere
due to large consumption of petroleum and coal has been
recogmized as a major factor of global warming and climate
change. Bioethanol used as a replacement for gasoline
can reduce vehicle carbon dioxide emissions by 90%
(Ward and Singh, 2002). An increase use of ethanol as a
fuel or a fuel additive, 1s therefore, one option to help the
global warming.

Typically, ethanol fermentation is carried out under
normal gravity (NG) conditions (fermentation of mashes
containing 20-24% of dissolved solids) (Thomas et al,
1996). To increase the productivity and cost effectiveness
of ethanol production, many process improvements have
been studied including very high gravity (VHG)
technology, which 1s defined as the preparaton and
fermentation to completion of mashes contaimng 270 g or
more amount of dissolved solids per litre (Bayrock and
Ingledew, 2001). This technology has several advantages
for industrial applications such as the increase in both the
ethanol concentration and the rate of fermentation, which
reduce capital costs, energy costs per litre of alcohol and

the risk of bacterial contamination (Thomas et al., 1996,
Bvochora et al., 2000, Bayrock and Ingledew, 2001;
Bai et al., 2004).

Ethanol can be produced from many different raw
materials such as com gram (n USA), sugarcane (in
Brazil), tapioca and sugarcane molasses (in Thailand).
Sweet sorghum, which 15 1nch m fermentable
carbohydrates, has also been an agricultural raw material
of mterest for biological transformation into ethanol for
use as fuel or fuel additive (Schaffert, 1995; Goksungur
and Zorlu, 2001; Laopaiboon et al., 2007). Sweet sorghum
has been promised as a large scale energy crop because
it can be cultivated in nearly all temperature and tropical
climate areas. It 1s also often considered to be one of the
most drought resistant agricultural crops as it has the
capability of remaining dormant during the driest periods.

The ability of yeast to produce ethanol depends on
many factors such as strains, growth factors and optimum
environmental conditions. Moreover, it depends on the
initial sugar concentration in the fermentation medium. To
increase ethanol concentration, the higher mmtial sugar
concentration above 200 g L™ can be used. However, the
substrate inhibition may be occurred under this condition
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(Thomas et al, 1996). In addition, the high ethanol
concentration can cause an mcreased stress to yeast
cells, resulting in stuck or sluggish fermentation.
However, it was reported that under appropriate
environment and nutritional conditions, Saccharomyces
cerevisiaze could produce and tolerate high ethanol
concentrations (Thomas et al, 1996, Bafimcova et al.,
1999). The VHG fermentation process exploits the
observation that the growth of S. cerevisize is promoted
and prolonged when adequate but low levels of oxygen
are present and when assimilable nitrogen levels are not
limiting (Casey and Ingledew, 1986). Several mvestigators
have observed that yeast extract (Jones et al, 1994
Bafrncova et al., 1999), ammonium (Jones et al., 1994),
urea (Jones and Ingledew, 1994a), calcium and magnesium
(Dombek and Ingram, 1986) have protective effects either
on growth and fermentation or viability, which stimulate
the fermentation rate and ethanol  production.
Thanonkeo et al. (2002) found that 0.5% (NH,),S0, was
an optimal concentration for ethanol production from
sweet sorghum stem juice strain Keller by S. cerevisiae
TISTR 5048. According to composition of sweet sorghum
stem juice in Table 1, other nutrients may not be required.
Laopaiboon et al. (2007) also showed that batch ethanol
production from sweet sorghum stem juice strain Keller
was dependent on the mitial cell concentration of
S. cerevisine TISTR 5048. In addition, S. cerevisiae
NP 01 solated from Long-peng (Chinese yeast cake) for
Sato (Thai rice wine) making was a high-ethanol-
producing strain under VHG condition (Laopaiboon et af.,
2008).

The aim of tlus study was to mvestigate effects of
initial cell concentration of S. cerevisiade NP 01 and the
absence of (NH,),30, as a nitrogen supplement on growth
and ethanol production from sweet sorghum stem juice.
The ethanol production efficiencies under NG and VHG
fermentations were also compared.

Table 1: Characteristics of raw sweet sorghum stem juice cv. KKU40
(Laopaiboon ef af., 2009)

Characteristics Values
pH 4.0
Total soluble solid (°Bx) 18
Total sugar (g ™) 173.02
Fermentable nitrogen (mg L") 626.38
NH,*-N (ppm) 21.4
NN (pprm) 4.4
Total P (ppm) 20
Total K (ppm) 1790
Total Na (ppm) 170
Total S (ppm) 120
Total Ca (ppm) 166
Total Mg (ppm) 194
Total Fe (ppm) 2
Total Mn (pptmn) 3
Total Cu (ppm) 0.3
Total Zn (ppm) 1.4
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MATERIALS AND METHODS

Microorganism and inoculum preparation: The
fermentative yeast S. cerevisiae NP 01 1solated from Long-
pang (Chinese yeast cake) from Nakhon Phanom
provinece, Thailand, was grown on yeast and malt extract
(YM) medium on a rotating shaker at 100 rpm, 30°C for
18 h. The active cells were then harvested and used as
inoculum for ethanol production.

Raw material: Sweet sorghum stem juice (strain KKU 40)
was obtained from Department of Agronomy, Faculty of
Agrniculture, Khon Kaen University, Thailand in Year 2007.
After the extraction, the juice was kept at -18°C until use.

Ethanol production medium: Sweet sorghum stem juice
containing total soluble solids of 18 “Bx was adjusted
with sucrose to give total soluble solids of 24°Bx
(NG conditions) and 28°Bx (VHG cenditions). The juices
were then supplemented with 05% (NH,),S0O,
(Laopaiboon et al., 2007) and used as ethanol production
(EP) medium. The EP medium was transferred intoa 2 L.
fermenter (Biostat®B, B. Braun Biotech, Germany) with a
final working volume of 1 L and autoclaved at 110°C for
40 min.

Fermentation conditions: To study the effect of imtial cell
concentration, S. cerevisige NP 01 was moculated into the
sterile EP medium containing various  sugar
concentrations (NG and VHG conditions). The initial yeast
cell concentrations m the medium were approximately
1x10% 110" and 1 x10° cells mL ', The fermentation was
operated in batch mode at 100 rpm and temperature was
controlled at 30°C. Samples were withdrawn at appropriate
time intervals for analysis. The optimum cell concentration
{giving the highest ethanol production) under NG and
VHG conditions was selected for the subsequent
experiments.

To study the effect of (NH,),30, as a mtrogen
supplement on ethanol production from sweet sorghum
stem juice, 0.5% (NH,),S30, was withdrawn from the EP
medium under both NG and VHG conditions. The
fermentation processes were carried out as previously
described. The samples were withdrawn at appropriate
time intervals for analysis.

Analytical methods: The viable yeast cell numbers and
total soluble solids of the fermentation broth were
determined by direct counting method with methylene
blue staining using heamacytometer and hand-held
refractometer, respectively (Zoecklien et al., 1995). The
fermentation broth was centrifuged at 13,000 rpm for
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10min. The supernatant was then determined for residual
total sugars by a phenol sulfuric acid method (Mecozzi,
2005). Ethanol concentration (P, g L") was analyzed by
gas chromatography (Shimadzu GC-14B, Japan, Solid
phase: polyethylene glycol (PEG-20M), carrier gas:
nitrogen, 150°C isothermal packed column, injection
temperature 180°C, flame iomzation detector temperature
250°C; C-R7 Ae plus Chromatopac Data Processor) and
2-propanol was used as an internal standard (Modified
from Laopaiboon et ai., 2007). The ethanol yield (Y ;) was
calculated as the actual ethanol produced and expressed
as g ethanol per g total sugar utilized (g g™"). The ethanol
productivity (Q,, g L™ h™) and the percentage of
conversion efficiency or yield efficiency (E,) were
calculated by the following equations:

P
Q, = n
and
_Y,,,x100
¥ 0.54

where, P is the actual ethanol concentration produced
(g L™, tis the fermentation time (h) giving the highest
ethanol concentrattion for batch and fed-batch
fermentations and 0.54 is the maximum theoretical ethanol
vield of sucrose consumption.

RESULTS AND DISCUSSION

Effects of initial cell concentrations on yeast growth
under NG and VHG conditions: The time profiles of viable
yeast cell number at various initial cell concentrations
during batch fermentation on the EP medium under NG
and VHG conditions are shown in Fig. la and b,
respectively. No lag phase was observed
S. cerevisize NP 01 cells were noculated into the EP
medium at all experimental conditions. This finding
indicated that the sweet sorghum stem juice did not
contain any substance at a level that was mnhibitory to the
veast cells and the yeast cells had excellent adaptation to
new environment. Under both NG and VHG conditions,
stationary phase occurred at 12 to 24 h of the cultivation
depending on the mitial cell concentrations. The lgher
mitial cell concentration was the earlier stationary phase
reached. Yeast cell numbers at the initial cell
concentration of 1x10° cells mL.™" did not increase
significantly after 6 h of the experiments. Cell
concentrations at all conditions were similar withun 24 h of
the experiment with the value of log 8.36+0.04 cells mL.™
and they remained constant throughout the experiments.

after
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Fig. 1. Growth curve of S. cerevisiae NP 01 m the EP
medium under (a) NG and (b) VHG conditions at
various imtal cell concentrations

Table 2: Maximum specific growth rate (,,.) of S cerevisiae NP 01 in the
EP medium under NG and VHG conditions at various initial cell
concentrations

NG/VHG Initial cell concentrations (cells mL—") Wy (D*

NG 1.45%10° 0.36+0.02°

1.32%107 0.15+0.02%
0.95x108 0.08+0.02°

VHG 1.50%10° 0.31+0.042

1.45%10" 0.19+0.02%
1.45%10° 0.08+0.03°

*The results were expressed as meantthe range of duplicate experiments.
Means followed by the same letter within a same column are not
significantly different using Duncan’s multiple range test at the level of 0.05

The maximum specific growth rates () at various mitial
cell concentrations are illustrated in Table 2. Under both
NG and VHG conditions, ., were decreased with the
increase m the mitial cell concentrations and L. were
similar at the same mitial cell concentrations regardless of
the wutial sugar concentrations tested. The results
indicated that the sugar level under NG and VHG
conditions at concentrations up to 280 g 1.7 did not affect
onmicrobial growth and the tested initial cell numbers did
not cause any adverse effect on final cell numbers.

Effects of initial cell concentrations on ethanol
production under NG and VHG conditions: Figure 2
shows the time profiles of residual total sugar, total
soluble solids, pH and ethanol concentration during batch
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Fig. 2: Batch culture profile of ethanol production at initial cell concentrations of 1%10° cells mL.~" from the EP medium

under NG condition

fermentation from the EP medium at the mitial cell
concentration of 1 x10° cells mI.~" under NG fermentation.
The total sugar and total scluble solids at the beginning
of the fermentation were 235.37 g L™ and 25.0°Bx,
respectively. The values were decreased against time,
while ethanol concentration in the broth was increased
until 60 h of the fermentation. The pH value was
decreased within 24 h and then relatively constant at
about 4.0 throughout the experiment. This might be due to
carbon dioxide production by S. cerevisiae NP 01 during
fermentation. Carbon dioxide was able to dissolve in
fermentation broth, became to carbonic acid and changed
to 1on carbonate and proton. Therefore, pH of the
fermentation broth was constant {(Shen et al, 2004).
Changes of total sugar, total soluble solids, pH and
ethanol concentration at the other 1itial cell
concentrations under NG and VHG conditions were similar
to those found in Fig. 2 (data not shown). Figure 3a
and 3b compare sugar consumption and ethanol
production at all tested conditions. Under NG and VHG
conditions, the amount of total sugar remaining in the
broth at the end of the fermentation was approximately
20 and 70 g L7\ respectively at all initial cell
concentrations, while ethanol was produced swiftly at the
highest mitial cell concentration. However, the final
ethanol concentration at the highest initial cell
concentration was closed to those of 1x10° and 1x107
cells mL™". The results also showed that the initial cell
concentration affected fermentation time giving the
highest ethanol concentration. The fermentation time at
the lower 1mtial cell concentration was longer than that of
the higher initial cell concentration under both NG and
VHG conditions.

The stuck fermentation was clearly observed
especially under the VHG conditions. This might be due
to thermal stress as described by Jones and Ingledew
(1994b). They found that the amount of sugar that could
be fermented decreasing when fermentation temperature
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Fig. 3: Changes of total sugar (—) and ethanol
concentration (----) during batch  ethanol
fermentation from in the EP medium under (a) NG
and (b) VHG conditions at various initial cell
concentrations

was above 25°C. However, lower temperature might cause
lower ethanol productivity. This was supported by
Baui et al. (2008) who reported that the negative impact of
high temperature on ethanol fermentation performance
was much worse under the VHG conditions than the
regular fermentation.

Table 3 shows the important kinetic parameters
(P, Q, and Y ) of ethanol fermentation under various
conditions. The results showed that under NG conditions,
final ethanol concentration and ethanol yield at the initial
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Table 3: Kinetic parameters of batch ethanol production from the EP medium under NG and VHG conditions at various initial cell concentrations

Parameters*
NG/VHG  Initial cell concentrations (cells mL™") P{gL™ Q. (gL-'h™hH Y.(gg™h E, (%) t (h)
NG 1.45%10° 101.33£0.30 1.69+0.01* 0.48+0.00* 89.334+0.34* 50
1.32x107 103.62+0.40%¢ 1.92+0.02° 0.50=0.00° 91.71+0.66° 54
0.95%10° 103.03£1.23%¢ 2.86+0.03° 0.50+0.01° 02.5941.00° 36
VYHG 1.50x10° 103.47£0.42° 1.23+0.01¢ 0.46+0.00° 85.18+1.22° 84
1.45%107 104.43+0.52 1.34+0.02 0.45+0.00¢ 83.33+0.78" 78
1.45x10° 104.330.44%° 1.7420.01f 0.440.00° 81.48+0.63% 60

*P: Ethanol concentration; Q,: Ethanol productivity; Y. Ethanol yield; E,: Yield efficiency and t: Fermentation time. The results were expressed as meantthe
range of duplicate experiments. Means followed by the same letter within a same column are not significantly different using Duncan’s multiple range test at

the level of 0.05

cell concentrations of 1x10” and 1 %10 cells mL~' were not
significantly different and were slightly higher than those
of 1x10° cells mL™". The initial cell at 1<10° cells mL™
gave the maximum productivity with the value of
2.86£0.03 g L' h™". The value enhanced approximately
69 and 49% of those at the initial cell of 1x10° and
1x10° cells mL™", respectively. Higher ethanol
productivity was mainly due to shorter fermentation time.
According to the ethanol productivity (Table 3), the
initial cell at 1x10° cells mL.™" was suitable for ethanol
production from sweet sorghum stem juice under NG
condition.

Under the VHG conditions, the imtial cell at
1x10° cells mL™" also gave the maximum ethanol
productivity with the value of 1.74+0.01 g L™ h™', which
was approximately 42 and 30% higher than those of the
initial cell at 1x10° and 1x107 cells mL ™, respectively.
However, the initial cell concentration did not affect on
final ethanol concentration and ethanol yield under the
VHG conditions. When compared to the NG conditions,
the final ethanol concentrations under both conditions
were similar but the ethanol yields under the VHG
conditions were lower than those under the NG
conditions, indicating that more byproducts might be
produced under the VHG conditions. In addition, the
ethanol productivities at the VHG levels were lower than
those at the NG levels when compared at the same mitial
cell concentrations (Table 3), implying that substrate
mtibition was ocecurred to some extent under the VHG
conditions.

Effects of (NH,),SO, supplementation on ethanol
production from the EP medium under NG and VHG
conditions: Tn our previous study (Thanonkeo et al.,
2002), the EP medium (sweet sorghum stem juice) was
supplemented with 0.5% (NH,),S0,. However, the sweet
sorghum stram Keller (used in Thanonkeo et af., 2002)
had been improved to be a new cultivar with higher sugar
yield, namely strain KKU 40 (used in this research). It is
possible that (NH,),S0, supplementation as a nitrogen
supplement in the sweet sorghum stem juice may not be
necessary for ethanol production.
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Comparison of the profiles of the total sugar, viable
cells and ethanol during batch ethanol fermentation from
the EP medium with and without (NH,),S0,
supplementation under the NG and VHG conditions at the
initial cell concentrations of 1x10° cells mL ™" are shown in
Fig. 4a and 4b, respectively. The rate of sugar
consumption by S. cerevisize NP 01 from the juice
supplemented with (NH,),SQ, were slightly higher than
that of the juice without (NH,),S0, under the NG
conditions (Fig. 4a). Sugar and ethanol concentrations
were constant at 36 h in both media. However, the sugar
remaining in the absence of (NH,),50, was approximately
15 g L™" higher than that in the presence of (NI,),30,.
The profiles of viable cell and ethanol production in the
two media were similar throughout the experiments.

Under the VHG conditions, total sugar and ethanol
concentration remained constant at 60 h. Changes of total
sugar, viable cell and ethanol concentrations during VHG
fermentation under the presence and absence of
(NH,),30, were similar.

Table 4 summarizes the important kinetic parameters
of batch ethanol production from the juice with and
without (NH,),30, supplementation under the NG and
VHG conditions at the mutial cell concentrations of
1%10° cells mL™". The results showed that ethanol
concentration and ethanol productivity in the presence
and absence of (NH,),30, were sunilar, while ethanol yield
in the presence of extra nitrogen source was lower under
both NG and VHG conditions. The results obtained were
consistent with those of Laopaiboon et al. (2009).
Negative effect of (NH,),S0, on ethanol yield might be
due to more byproducts occurred. Some studies also
reported that excessive ammonium addition might cause
the increase in higher alcohols (Beltran e af., 2003), acetic
acid (Bely et al., 2003) or hydrogen sulplide (Wang ef al.,
2003). However, the byproducts were not monitored in our
experiment. The results indicated that (NH,),30, seems
not be a suitable nitrogen source for ethanol production
from sweet sorghum stem juice by S. cerevisiaze NP 01
and/or the juice may contain enough nitrogen source for
ethanol production. Opposite results were observed by
Nahvi et al. (2002), Ruanglek et al. (2006), Xu and Liu
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Fig. 4 Total sugar consumption and ethanol production during ethanol fermentation from the EP medium under (a) NG
and (b) VHG conditions supplemented (—) and non-supplemented (----) with 0.5% (NH, ),30,

Table 4: Kinetic parameters of batch ethanol production from the EP medium with and without (NH,),80, supplementation under NG and VHG conditions

Parameters®
NG/VHG EP medium P(gl™ QgL h™ Yo (2g™h) E, (%) t (hy
NG with (NH,),S0, 103.03+1.23* 2.86+0.03* 0.50+0.01* 92.594+1.09* 35
without (NH,),80, 105.12+1.34° 2.92+0.04% 0.53+0.01° 08.33+].25" 36
VHG with (NH),S8 04 104.33+0.44%* 1.74£0.01° 0.4420.00° 81.48+0.63° 60
without (NH),80, 105.88+0.63" 1.76£0.01° 0.47+0.007 86.694+0.30¢ a0

*P: Ethanol concentration; Q,: Ethanol productivity; Y.: Ethanol yield; E,: Yield efficiency and t: Fermentation time. The results were expressed as mean+the
range of duplicate experiments. Means followed by the same letter within a same colurnn are not significantly different using Duncan’s multiple range test at

the level of 0.035

(2009) who found that (NH,),SO, promoted growth and/or
ethanol production. The different results might be due to
the difference m raw materials, microorganisms and
fermentation conditions.

The results obtained in this study mmplied that
S. cerevisiae NP 01 was a suitable microorgamsm for
ethanol production because the yeast could survive and
retain  1ts metabolism under very high ethanol
concentration up to 105.88 g 17" (13.40 % v/v) with the
viable cells remaining approximately 2.04x10" cells mI. ™" at
the end of the fermentation.

CONCLUSIONS

The results obtained from this research demonstrated
that the mitial yeast cell concentration affected on ethanol
production efficiency in terms of ethanol productivity.
The VHG ethanol fermentation from sweet sorghum stem
Juice without nutrient supplementation could not improve
ethanol production efficiency. In addition, (NH,),S0,
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might not be suitable for use as a nitrogen supplement in
sweet sorghum stem juice because it did not promote
ethanol production under both NG and VHG levels.
Supplementation with other nitrogen sources and/or other
nutrients as well as other fermentation processes should
be further investigated to improve ethanol productivity
and complete sugar consumption inder NG and VGH
conditions.

ACKNOWLEDGMENTS

The authors would like to thank the National
Research Council of Thailand (NRCT), Thailand for
financial support. We would like to thank assistant Prof.
Dr. Paiboon Danviruthai, Faculty of Technology,
Khon Kaen Umversity (KKU) for providing the NP 01
strain and Associate Prof. Dr. Prasit Jaisil, Faculty of
Agriculture, KKU for providing sweet sorghum stem juice
and Associate Prof. Dr. Aroonwadee Chanawong, Faculty
of Associated Medical Sciences, KKU for her internal



Biotechnology 9(1): 9-16, 2010

review of this paper and helpful suggestion. We also
would like to acknowledge the Fermentation Research
Center for Value Added Agricultural Products (FerVAAP)
for financial support for Miss Naulchan Khongsay.

REFERENCES

Bafmcova, P., D. Smogrovicova, 1. Slavikova, 1. Patkova
and 7. Domény, 1999. Improvement of very ligh
gravity by
supplementation using Saccharomyces cerevisiae.
Biotechnol. Lett., 21: 337-341.

Bai, FW., L.I. Chen, 7. Zhang, W.A. Anderson and
M. Moo-Young, 2004 ethanol
production and evaluation of yeast cell lysis and

ethanol fermentation media

Continuous

viability loss under very high gravity medium
condition. J. Biotechnol., 110: 287-293.

Bai, FW., WA, Andersson and M. Moo-Young, 2008.
Ethanol fermentation technologies from sugar and
starch feedstocks. Biotechnoel. Adv., 26: 89-105.

Bayrock, D.P. and W.M. Ingledew, 2001. Application
of multistage
production of fuel alcohol by very-high-gravity

Ind.  Microbiol.

continuous  fermentation for

fermentation technology. 1.
Biotechnel., 27: 87-93.

Beltran, G., B. Esteve-Zarzoso, N. Rozes, A. Mas and
IM. Guillamon, 2005. Influence of the timing of
nitrogen additions during synthetic grape must
fermentations on fermentation kinetics and nitrogen
consumption. J. Agric. Food Chem., 53: 996-1002.

Bely, M., A. Rinaldi and D. Dubourdieu, 2003. Influence of
assimilable mtrogen on volatile acidity production by
Saccharomyces cerevisiae during high sugar
fermentation. J. Biosci. Bioeng., 96: 507-512.

Bvochora, TM., J.8. Read and R. Zwvauya, 2000.
Application of very lugh gravity technology to the
cofermentation of sweet stem sorghum juice and
sorghum grain. Ind. Crop Prod., 11: 11-17.

Casey, G.P. and W.M. Ingledew, 1986. Ethanol tolerance
m yeasts. Crit. Rev. Microbiol., 13: 219-280.

Dombek, KM. and L.O. Ingram, 1986. Magnesium
limitation and its role in apparent toxicity of ethanol
during yeast fermentation. Applied Environ.
Microbiol., 52 975-981.

Goksungur, Y. and N. Zorlu, 2001 . Production of ethanol
from beet molasses by Ca-alginated immobilized
yveast cells in a pack-bed bioreactor. Twk. T.
Biotechnol., 25: 265-275.

Jones, AM. and W.M. Ingledew, 1994a. Fermentation of
very high gravity wheat mash prepared using fresh
yeast autolysate. Bioresour. Technol., 50: 97-101.

15

Tones, A M. and WM. Ingledew, 1994b. Fuel ethanol
production: appraisal of nitrogenous yeast foods for
very luigh gravity wheat mash fermentation. Process
Biochem., 29: 483-488.

Tones, A M., K.C. Thomas and W.M. Ingledew, 1994.
Ethanolic fermentation of blackstrap molasses and
sugarcane juice using very high gravity technology.
I. Agric. Food. Chem., 42: 1242-1246.

Laoparboon, L., P. Thanonkeo, P.
P. Laopatboon, 2007. Ethanol production from sweet
sorghum juice m batch and fed-batch fermentations
by Saccharomyces cerevisiae. World . Microbiol.
Biotechnol., 23: 1497-1501.

Laopaiboon, L., 5. Nuanpeng, P. Srinophakun, P. Klanrit
and P. TLaopaiboon, 2008. of
Saccharomyces cerevisiae and investigation of its
performance for very high gravity
fermentation. Biotechnology, 7: 493-498.

Laopaiboon, L., 3. Nuanpeng, P. Srinophakun, P. Klanrit
and P. Laopaiboon, 2009. Ethanol production from
sweet sorghum juice using very high gravity
technology: Effects of carbon and nitrogen
supplementations. Bioresour. Technol.,
100: 4176-4182.

Mecozzi, M., 2005, Estimation of total carbohydrate
amount in environmental samples by the phenol-

Jaisil and

Selection

ethanol

sulphuric acid method assisted by multivanate
calibration. Chemom. Intel. Lab. Syst., 79: 84-90.

Nahvi, I., G. Emtiazi and L. Alkabi, 2002. Isolation of a
flocculating  Saccharomyces  cerevisiae  and
wvestigation of its performance in the fermentation
of beet molasses to ethanol. Biomass Bioenerg.,
23: 481-486.

Ruanglek, V., D. Maneewatthana and S. Tripetchkul, 2006.
Evaluation of Thai agro-industrial wastes for bio-
ethanol production by Zymomonas mobilis. Process
Biochem., 41: 1432-1437.

Schaffert, R.E., 1995. Sweet sorghum substrate for
industrial aleohol. Proceeding of the International
Workshop on Policy, Practice and Potential Relating
to Use of Sorghum and Millets, Feb. 8-12, ICRISAT
Centre, Bulawayo, Zimbabwe, pp: 131-137.

Shen, HY., S.D. Schryjver, N. Moomjai, K.J. Verstrepen,
F. Delvaux and F R. Delvaux, 2004. Effects of CO, on
the formation of flavour volatiles during fermentation
with immobilized brewers yeast. Applied Microbiol.
Biot., 64: 636-643.

Thanonkeo, P., P. Laopaiboon and L. Laopaiboon, 2002.
Renewable alternative fuel from sweet sorghum. The
14th international symposium on alcohol fuels (isaf
x1v), Phuket, Thailand, 12-15 November 2002.



Biotechnology 9(1): 9-16, 2010

Thomas, K.C., SSH. Hynes and W.M. Ingledew, 19%6.
Practical and theoretical considerations in the
production of high concentrations of alcohol by
fermentation. Process Biochem., 31: 321-331.

Wang, X.D., I.C. Bohlscheid and C.G. Edwards, 2003.
Fermentative activity and production of volatile
compounds by Saccharomyces grown in synthetic
grape juice media deficient mn assimilable mtrogen
and/or panthotenic acid. J. Applied Microbiol.,
94: 349-359,

16

Ward, O.P. and A. Singh, 2002. Bicethanol technology:
Development and perspectives. Adv. Applied
Microbiel., 51: 53-80.

Xu, I. and 8. Liu, 2009. Optimization of ethanol production
from hot-water extracts of sugar maple chips.
Renewable Energy, 34: 2353-2356.

Zoecklien, BW., K.C. Fugelsang, BH. Gump and
F.5. Nury, 1995 Laboratory Procedures: Wine
Analysis and Production. 1st Edn., Chapman and
Hall, New York.



	biotech.pdf
	Page 1


