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Abstract: Sweet sorghum is a promising energy crop due to its low fertilizer and water requirements, short growth period, and
high biomass yield. However, the challenge for sweet sorghum as a feedstock for ethanol production is its short harvest period
and the extreme instability of its juice, both of which make achieving a year-round production process difficult. One way to
solve this challenge and to meet the growing demand of bio-renewable ethanol is to incorporate sweet sorghum juice into the
current dry-grind ethanol process. In the dry-grind process, the whole grain kernel is milled and fermented to produce ethanol.

In this study, sweet sorghum juice with varying grain sorghum flour contents was liquefied, saccharified, fermented, and

%

distilled to produce ethanol.

28% higher than that from the conventional ethanol process.

30 min.

also investigated, and ethanol yield was about 21% higher than that from the conventional process.

Ethanol yield from sweet sorghum juice with the optimum grain sorghum flour loading was about
Enzymatic hydrolysis with this process could be reduced by

The fermentation performance of sweet sorghum juice with grain flour using a raw starch hydrolyzing enzyme was

This innovative

technology enabling ethanol production from sweet sorghum juice could improve ethanol yield, save energy, and significantly

decrease water use in the current dry-grind ethanol process.
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1 Introduction

According to the Renewable Fuels Association, the
U.S. ethanol industry produced a total of 13.3 billion
gallons of ethanol, representing 57% of the world’s

Over 98% of the renewable fuel
produced in the same year was made from corn''.
Ethanol production for blends such as E10, E15, E85, and

output in 2013.
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mid-level blends is required to reach 36 billion gallons by
2022 according to the Renewable Fuel Standard (RFS)
adopted by the U.S. Congress in 2005 and expanded in
20077,

potential energy crops such as wheat™), hybrid poplar'™®,

To meet the growing demand for ethanol,

and sweet sorghum could be integrated into current
dry-grind ethanol production to help achieve the RFS
target.

Sweet Sorghum (Sorghum bicolor L. Moench) is a
promising energy crop that has high water and nitrogen-
160 d), pest

and disease tolerance, and high biomass productivity

use efficiency, short growing seasons (110-

(45-80 t/hm?), depending on variety and growing

]

location®™.  The thick stalk and juicy internodes

maintain stem juiciness until maturity, and the plant has

good residue digestibility when used for lignocellulosic

]

ethanol production'”’.  Fully matured stalks contain up to
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70% water, and the remaining solid biomass is made of
structural cellulose, hemicellulose, and non-structural
carbohydrates (sucrose, glucose, and fructose)®..  Unlike
sugarcane, sweet sorghum also produces grain in the
panicle and the grain represents 10%-30% of the total
biomass. Sweet sorghum is not regarded as a food crop
in the United States and can grow on diverse marginal
lands. Sweet sorghum is drought-tolerant and can be
fail®.

Approximately 40%-50% of sweet sorghum dry mass

cultivated in regions where other crops
comprises fermentable sugars and starch (equivalent to
corn yield of about 14 t/hm®). If all of these sugars and
starches are converted to ethanol, potential ethanol yield
could reach 5 600-6 000 L/hm’ compared with corn
ethanol yield from 4 000-4 300 L/hm*!'".

Sweet sorghum is considered a more efficient and
cost-effective source of energy than corn because it

. . 11
requires less nitrogen and water!'").

As a competitive
biofuel feedstock source for ethanol production, sweet
shown to be

sorghum has been adaptable to

environmentally friendly processing, resulting in
ethanol-blended fuel with lower sulfur content and a high
octane rating.
of up to 25%

modification!'>1¥,

In addition, an ethanol-gasoline mixture

can be wused without engine

The juice from sweet sorghum is extracted by
mechanically crushing the stalk using roller mills, screw
presses or diffusers, which results in over 95% recovery

of fermentable sugars™®'>'%],

The typical composition of
the fermentable juice in sweet sorghum is 53%-85%
sucrose, 9%-33% glucose and 6%-21% fructose. Sugar
cane juice, on the other hand, could contain 90% sucrose,
4% glucose and 6% fructose!'”.

a competitive feedstock for ethanol production. The

Thus, sweet sorghum is

bagasse obtained after juice extraction can be combusted
to generate electricity, fodder for cattle, soil fertilizer or

1618191 Tpa greatest

lignocellulosic ethanol feedstock
challenge in using sweet sorghum as a feedstock for
ethanol production is its short harvest period and the
extreme instability of the juice: up to 50% of total
fermentable sugars in sweet sorghum juices would be lost
if stored at room temperature for one week. This loss is

due to the fact that microorganisms metabolize the sugars

into organic acids and ethanol at room temperature!'”.

The lack of constant feedstock supply makes it difficult
for the sweet-sorghum-based ethanol industry to achieve
a year-round production process, especially in temperate
production environments. A possible solution to this
problem is to incorporate sweet sorghum juice into the
current dry-grind ethanol process.

The objective of this study is to develop a new
processing technology for the current ethanol industry
using sweet sorghum for ethanol production with
improved energy, water efficiency and ethanol yield, and
to meet the challenge of using sweet sorghum as an
energy crop. Most ethanol plants require approximately

3 liter of water per liter of ethanol produced?®2"’.

Using
sweet sorghum juice could significantly reduce the
amount of water consumed per liter of ethanol produced
and could lessen conflicts over water in the Midwest,
where increasing water utilization by agricultural
processing facilities, livestock operations, and urban areas
heightens shortages.

In this study, the performance of ethanol fermentation
by granular starch hydrolysis enzymes (GSHE) on
sorghum grain flour is investigated as well. Granular
starch hydrolysis, also described as native or raw starch
hydrolysis, converts starch to fermentable sugars at lower

22 .
(22, Previous

starch  gelatinization  temperatures
investigators have reported various studies on using
GSHE to hydrolyze starch granules without prior cooking
and liquefaction and simultaneous fermentation of sugars

22241 1t is also known that

by yeast to produce ethanol*
the granular starch hydrolysis process decreases energy
input by 10%-20%*!, may increase the capacity of
conversion equipment because of lower slurry viscosity,
and reduces the formation of undesirable Maillard

reaction products®>*°.

2 Materials and method

2.1 Materials

Sweet sorghum juice from sweet sorghum hybrid
TX09052 was used in this study. TX09052 is an
experimental sweet sorghum hybrid developed in the
A&M Agrilife

program. This hybrid was grown in College Station,

Texas Research sorghum breeding
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Texas and at the soft dough stage of maturity; stalks were
harvested and crushed using a three-roller mill (Ampro
Sugar Cane Mill).

immediately frozen at a temperature of -23°C. Prior to

Extracted juice was strained and

use, it was thawed to below room temperature. To
separate remaining solid materials from the liquid, the
juice was centrifuged by a Sorvall RC 6+ Centrifuge
(Thermo  Fisher Asheville, NC) and

concentrated to 18% sugar content by a vacuum

Scientific,

evaporation process at room temperature. Cleaned grain
sorghum samples were milled into flour through a
0.5 mm screen in an Udy cyclone mill (Udy Corp., Fort
Collins, CO, USA) and used for ethanol fermentation.
2.2 Starch content analysis

The starch content of the sorghum grain was analyzed
using a total starch kit (Megazyme International)
following an accepted method™"".
2.3 [Ethanol fermentation of varying grain sorghum
loadings with sweet sorghum juice

Samples of grain sorghum flour (30.0 g dry base db)
were weighed into a clean 250 mL Erlenmeyer flask and
mixed with 100 mL of preheated (about 60°C) enzyme
solution containing 0.1 g of KH,PO, and 20 uL of
Liquozyme (alpha-amylase, Novozymes, Franklinton, NC)
to form an evenly suspended slurry. Additional samples
of grain sorghum flour (6.0 g, 9.0 g, 12.0 g, and 15.0 g)
were also weighed into clean 250 mL Erlenmeyer flasks
and mixed with 100 mL of preheated (60°C to 70°C)
sweet sorghum juice; each flask contained 0.1 g of
KH,POy, and 20 uL of Liquozyme (240 KNU/g, about
1.15 g/mL) (alpha-amylase, Novozymes, Franklinton,
NC).
was measured into another clean 250 mL Erlenmeyer
flask and mixed with 0.1 g of KH,PO,.

liquefaction, the flasks were transferred to a 70°C

One hundred milliliters of sweet sorghum juice

For starch

water-bath shaker operating at about 180 r/min. The
temperature of the water bath was gradually increased
from 70°C to 90°C in a 30 min period, kept at 90°C for a
few minutes, and then, lowered to 85°C; liquefaction
continued for 60 min. Flasks were then removed from
the water bath, and materials sticking on the inner surface
of the flasks were pushed back into the mashes with a

spatula. The spatula and inner surface of the flasks were

rinsed with 3-5 mL of distilled water.
room temperature (25°C to 30°C), the pH of the mashes
was adjusted to around 4.2 with 2 mol/L HCL

After cooling to

2.4 Preparation of Inoculum

Dry yeast was activated by adding 1.0 g of active dry
yeast into 19 mL of preculture broth (containing 20 g of
glucose, 5.0 g of peptone, 3.0 g of yeast extracts, 1.0 g of
KH,PO, and 0.5 g of MgSO4 7H,O per liter) and
incubated at 38°C for 30 min in an incubator operating at
200 r/min.

concentration of 1x10° cells/mL.

The activated yeast culture had a cell

2.5 Simultaneous saccharification and fermentation
(SSF)

The SSF process started with the addition of 1.0 mL
of activated yeast -culture,
(750 AGU/g, about 1.15 g/mL) (Novozymes, Franklinton,
NC), and 0.30 g of yeast extract into mashes in each flask.

100 uL of Spirizyme,

Flasks were sealed with an S-airlock with mineral oil.
Fermentation was conducted at 30°C for 72 h in an
incubator shaker operating at 150 r/min. Fermentation
performance was monitored by weighing the fermentation
flasks over the 3 d incubation period at 4, 8, 18, 24, 32,
44, 56 and 72 h of fermentation.
due to the evolution of CO, during the fermentation
process (CeH,04 — 2C,HcO + 2CO,T).
2.6 Distillation

After the fermentation process (72 h), the finished

The weight loss was

mash was transferred to a 500 mL distillation flask. The
Erlenmeyer flask was washed several times with 100 mL
of distilled water. Two drops of antifoam agent were
added to the distillation flask before the flask was placed
on a heating unit to prevent foaming during distillation.
Distillates were collected into a 100 mL volumetric flask
When distillates

volumetric flask approached the 100 mL mark (about 99

immersed in ice water. in the
mL), the volumetric flask was removed from the
distillation unit. Distillates in the volumetric flask were
equilibrated for a few hours in a 25°C water bath. The
ethanol HPLC

following the method described by Wu et al.?®.

concentration was determined by
Fermentation efficiencies were calculated as the actual
ethanol yield divided by the theoretical ethanol yield.

The theoretical ethanol yield was determined using the
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total starch contents in the samples, assuming 0.511 g
ethanol from 1 g of starch™".
2.7

hydrolyzing enzyme (GSHE)

Ethanol fermentation with granular starch

Samples of grain sorghum flour (6.0, 9.0, 12.0 and
15.0 g) were weighed into clean 250 mL Erlenmeyer
flasks.
was also measured into another clean 250 mL Erlenmeyer
flask.

mixed with warm sweet sorghum juice (60°C to 70°C) to

One hundred milliliters of sweet sorghum juice
Flasks containing sorghum grain flour were
hydrate the starch granules. Samples were treated with
60 uL granular starch hydrolyzing enzyme (STARGEN
002, Novozymes, Franklinton, NC, USA), and pH was

adjusted to 4.2 by 2 mol/L HCI.
a water bath at 48°C for 2 h. The SSF process started

Flasks were then set in

with the addition of 1.0 mL of activated yeast culture and
0.30 g of yeast extract in each flask. Fermentation was
conducted following the procedure mentioned above.
2.8 Statistical analysis

All experiments were performed at least in duplicate.
The tabular results presented were the mean values of
repeated experimental data. Regression analysis was
conducted in Microsoft Excel with the linear regression

function.
3 Results and discussion

31

varying sorghum grain loading

Ethanol fermentation of sweet sorghum with

Figure 1 shows the comparison of ethanol yields of

sweet sorghum juice with varying grain sorghum loadings.

Fermentation of the juice-only sample was completed
after 32 h of fermentation and yielded 11.33% ethanol
(v/v), with a high conversion efficiency of 93.15%.
Sweet sorghum juice containing 6.0 g of grain sorghum
flour and the control, 32.0 g flour and water (instead of
juice) had similar ethanol performance and offered
comparable ethanol yields of 14.36% and 14.05% (v/v)
after the 72 h, respectively (Table 1).

Although fermentation of the control was complete
after about 65 h, the process continued for 12.0 and 15.0
g samples through 72 h. Among the grain sorghum
flour samples, the 15.0 g loading showed the highest
yield (18.05% (v/v)) and the lowest conversion efficiency

(90.93%) (Table 1). Fermentation results showed that

ethanol fermentation efficiency decreased as flour loading

increased, corroborating the results obtained by previous

]

investigators”®.  Samples with lower starch loading

would give higher fermentation efficiency, if the same

amount of yeast were used for the ethanol conversion

]

31 . . .
from sugar[ . Decreasing efficiencies may be

attributed to higher viscosity with increasing starch

28,31-33 S
1331 Sweet sorghum juice is viscous and

3

content[

*: ground grain sorghum

mash is also known to be viscous™™.

exhibits pseudoplastic behavior
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Figure 1 Comparison of ethanol yields of sweet sorghum juice

(100 mL) with varying grain sorghum flour loadings

Table 1 Ethanol yields and fermentation efficiencies of sweet

sorghum juice with varying grain sorghum loading

Juice  Flour Theoretical Actual Ethanol
sugar  starch ethanol  ethanol fermentation
content content yield/%  yield/% efficiency
/% /% v/v) (v/v) 1%

Juice only 18.89 0 12.12 11.29° 93.15
Juice + 6.0 g flour 18.89  71.57 15.21 14.36° 94.41*
Juice +9.0 g flour 18.89  71.57 16.75 15.67° 93.55"
Juice+ 12.0 g four 18.89  71.57 18.29 16.81¢ 91.91°¢
Juice + 15.0 g flour 18.89  71.57 19.95 18.05¢ 90.48°
Control- 30.0 g flour (db) 0 71.70 15.48 14.05° 90.75¢

Note: Means in the same column followed by different superscript letters

indicate significant differences (P<0.05).
In this study, the sample with 15.0 g of grain sorghum
displayed the highest ethanol yield of 18.05% (v/v), a

28.47% with  the
(14.05% (v/v)), greater than average yield from highly

increase  compared control
irrigated sorghum (14.10% (v/v))P%, and greater than
average ethanol yield (14.44% (v/v)) from 70 sorghum
genotypes and elite hybrids'”®. Samples with high yields
also had high conversion efficiency, which agreed with

previous studies of ethanol fermentation from grain starch.



April, 2015

Appiah-Nkansah N B, et al. Adding sweet sorghum juice into ethanol process for improving yields

Vol.8 No.2 101

The highest yield found in this study was greater than the
results obtain from modified and conversional dry-grind
processes using four different corn types, as published by
Kullar et al.”®).  They reported the highest final ethanol
yields of 15.7% (v/v) for wet fractionation, 15.0% (v/v)
for dry fractionation and 14.1% (v/v) for the conventional
process.  Results from this research showed that
incorporating sweet sorghum juice into dry-grind ethanol
production allows high gravity fermentation and therefore,
results in high ethanol yield.
3.2 Ethanol fermentation with varying enzymatic
hydrolysis times

Based on the results obtained from the above study,
the optimal ethanol fermentation of sorghum mashes
from sweet sorghum juice by altering starch enzymatic
hydrolysis time was investigated. Four flasks consisting
of homogenous slurries of 15.0 g grain sorghum flour and
100 mL sweet sorghum juice were liquefied, saccharified,
and fermented by S. cerevisiae to produce ethanol
following the above procedure.  Starch enzymatic
hydrolysis among the flasks was conducted for periods of
30, 45, 60 and 90 min. The ethanol yields of the
samples after the 72 h fermentation period are displayed
in Figure 2 and Table 2 compares the yields and
efficiencies. As shown in Figure 2, no significant
difference in ethanol yields occurred among the four
samples. Ethanol yields were comparable and ranged
from 17.84% (v/v) for the 30 min hydrolysis sample to
18.05% (v/v) for the 90 min sample (Table 2), which
corresponded to similar efficiencies of 89.12% to 90.93%,
respectively. In this section, the hydrolysis time of
60 min was as the control. The difference in ethanol
yields between the 30 min sample and the 60 min sample
was 0.49%, and the change in yield between the 45 min
and 60 min samples was 0.48%. Similar to the graphical
representation, the conversion efficiencies in Table 2 also
demonstrated little difference among the samples.

Results indicate that enzymatic hydrolysis for
ethanol production from sweet sorghum juice with grain
sorghum starch can be shortened to 30 min to save time
and conserve ethanol

energy in the dry-grind

fermentation process.

20,00

18.00 |

16.00 |

14.00

== ]+15g' 30 min

B == J+15 ¢ 45 min

=== ]+15 g' 60 min

Ethanol yeild/% (v/v)
S P
g2 2

6.00
4,00 == J+15g' 90 min

2.00

L1 T T | L T N R T L

0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
Fermentation time/h

Figure 2 Effect of hydrolysis time on ethanol yield from mixture
of sweet sorghum juice (100 mL) and grain sorghum flour (15.0 g)

Table 2 Ethanol yields and fermentation efficiencies of
mixture of sweet sorghum juice (100 mL) and grain sorghum

flour (15.0 g) with varying hydrolysis times

. . Theoretical Actual Ethanol

Hydrolysis Juice sugar Flour starch .
time/min  content/% content/% . cthanol . cthanol ferm_entatlon
yield/% (v/v) yield% (v/v) efficiency/%

30 18.89 71.57 19.95 17.84° 89.42°

45 18.89 71.57 19.95 17.85° 89.47°

60 18.89 71.57 19.95 18.33° 91.88"

90 18.89 71.57 19.95 18.05° 90.48"

Note: Means in the same column followed by different superscript letters

indicate significant differences (P<0.05).

3.3 Ethanol fermentation by GSHE

Ethanol yield performances of sweet sorghum juice
and grain sorghum flour by the granular starch-
hydrolyzing enzyme, Stargen 002, are presented in
Figure 3. Samples had similar yield performance until
after 18 h of fermentation, when differences in ethanol
yields emerged. Significant differences in ethanol yields
among the samples were noticed at the end of the
fermentation process (72 h) and varied from 10.73% to
16.97% (v/v).
87.66% to 94.65% (Table 3).
contained 9.0 g and 15.0 g of grain sorghum flour loading

Conversion efficiencies also ranged from

However, samples that

showed comparable yield performance throughout the
entire fermentation process. From observing the yield
curves, it can be concluded that fermentation of the
juice-only sample was completed in approximately 24 h
and produced the lowest ethanol yield (10.73%, v/v), the
The high

conversion efficiency of the juice alone can be attributed

highest conversion efficiency (94.85%).

to the lesser amount of sugars available for the same



102 April, 2015 Int J Agric & Biol Eng

Open Access at http://www.ijabe.org

Vol. 8 No.2

amount of yeast conversion to ethanol compared with the
other samples. The 15.0 g loading showed the highest
ethanol yield of 16.97% (v/v), representing a yield
increase of 20.78% compared with the control (Table 2).
Results indicated that sorghum starch content had a
Ethanol

concentration increased with increasing sorghum flour

significant effect on ethanol yield.
loading. The yield obtained from this study also was
greater than the ethanol yield produced from the modified
and conversional dry-grind process reported by Kullar

et al®®,

18.00 -
16.00 |
14.00 |
Z 1200}
£ 1000}
!1—2\
= 800 Ff
E’ —&— Juice only
£ 600
i - J+6
400 =i 43
== J+]12
2.00 —=J+15
0 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80

Fermentation time/h
Figure 3 Comparison of ethanol yield performances from sweet
sorghum juice (100 mL) with varying grain sorghum flour loadings

by granular starch hydrolysis enzymes

Table 3 Comparison of ethanol yields and fermentation
efficiencies of sweet sorghum juice (100 mL) with varying grain

sorghum loading by GSHE

Juice Flour Theoretical Actual Ethanol

sugar starch et};ZT(;)l etha?(;)l fermentation

content/% content/% /vy}; V) /"/?FV ) efficiency/%
Juice only 17.5 0 11.33 10.73* 94.65°
Juice + 6.0 g flour  17.5 71.57 14.42 13.24° 91.82°
Juice +9.0 g flour  17.5 71.57 15.96 14.67° 91.92°
Juice + 12.0 g flour 17.5 71.57 17.51 15.87¢ 90.63°
Juice + 15.0 g flour 17.5 71.57 19.05 16.70° 87.66°

Note: Means in the same column followed by different superscript letters

indicate significant differences (P<0.05).

4 Conclusions

Results showed incorporating sweet sorghum juice
into the current dry-grind ethanol process can improve
ethanol yield, save energy and increase water efficiency.
High-gravity fermentation can be applied when using
sweet sorghum juice instead of water for ethanol

fermentation. Ethanol yield from the mixture of sweet

sorghum juice and sorghum flour was about 28% higher
than from the conventional method, and ethanol yield
increased as flour loading increased. The results of this
study also showed that the enzymatic hydrolysis time
could be reduced by 30 min, which will help conserve
water and energy. In addition, sweet sorghum juice
enhances the potential for ethanol production from
starch-based materials by granular starch-hydrolyzing

enzymes.

Acknowledgments

This material is based upon the work supported by
National Science Foundation Grant: From Crops to
Commuting: Integrating the Social, Technological, and
Agricultural Aspects of Renewable and Sustainable
Biorefining (I-STAR); NSF Award No.: DGE-0903701.

[References]
[1] RFA (Renewable Fuels Association). Falling walls & rising
tides — 2014 ethanol industry Outlook. Available at:
http://www.ethanolrfa.org/page/-/rfa-association
site/Resource%20Center/2014%20Ethanol%20Industry%20
Outlook.pdf?nocdn=1. Assessed on [2014-03-01].
[2] RFA (Renewable Fuel Association). 2014.

Positions: Ethanol and Water.

Policy
Available at: http:/www.
ethanolrfa.org/pages/policy-positions-ethanol-and-water.

Assessed on [2014-03-13].

[3] George E, Rentsen B, Tabil L G, Meda V. Optimization of
wheat debranning using laboratory equipment for ethanol
production. Int J Agric & Biol Eng, 2014; 7(6): 54 —66.

[4] Xue Z, QuL Q, Yang X S. Potential production and spatial
distribution of hybrid poplar as a biofuel crop in Connecticut,
USA. Int J Agric & Biol Eng, 2014; 7(2): 10—18.

[51 Geng S, Hills F J, Johnson S S, Sah R N. Potential yields
and on-farm ethanol production cost of corn, sweet sorghum,
fodderbeet, and sugarbeet. J. Agron. Crop Sci., 1989; 162:
21-29.

[6] Rooney W L, Blumenthal J, Bean B, Mullet J E.
sorghum as a dedicated bioenergy feedstock.
Bioproducts and Biorefining, 2007; 12: 147-157.

[7]1 Srinivasa R P, Umakanth A V, Reddy B V S, Dweikat I,
Bhargava S, Kumar C G, et al.

breeding and commercialization, in:

Designing

Biofuels,

Sweet sorghum: genetics,

Biofuel Crops:
Production, Physiology and Genetics (ed. BP Singh) Fort
Valley, Georgia, 2013; pp 172-198.

[8] Harrison M D, O’Hara I M. Food and feed products from
sweet sorghum. Sweet sorghum: Opportunities for a new,

renewable fuel and food industry in Australia. Kingston ACT.



April, 2015

Appiah-Nkansah N B, et al. Adding sweet sorghum juice into ethanol process for improving yields

Vol.8 No.2 103

(]

[11]

[12]

[14]

[20]

[21]

2013; pp 62-77.

Rao S S, Patil J V, Prasad P V V, Reddy D C S, Mashra J S,
Umakanth A V, et al.
stalk yield and semi-arid tropical
Agronomy Journal, 2013; 105: 1458-1465.
Wu X, Staggenborg S, Propheter J L, Rooney W L, Yu J,
Wang D.
performance in ethanol fermentation.
Products, 2010; 31: 164-170.
University of Kentucky.  Sweet sorghum for biofuel
(Review by Todd Pfeiffer, Michael Montross, and Michael
Barrett), 2013. Available at: http://www.uky.edu/Ag/
CDBREC/introsheets/sorghumbiofuel.pdf.
[2013-10-25].

Sweet Sorghum planting effects on
sugar quality in

environment.

Features of sweet sorghum juice and their

Industrial Crops and

Accessed  on

Reddy B V S, Ramesh S, Ashok Kumar A, Wani S P, Ortiz R.

Biofuel crops research for energy security and rural
development in developing countries.
2008; 1: 248-258.

Reddy B V S, Ramesh S, Reddy S, Ramaiah P, Salimath B.

Sweet sorghum — a potential alternative raw material for

Bioenergy Research,

bioethanol and bio-energy.
Millets Newsletter, 2005; 46: 79-86.

Srinivasa R P, Rao S S, Seetharama N, Umakanth AV,
Sanjana R P.

International Sorghum and

Sweet sorghum for biofuel and strategies for
Information Bulletin No 77, 2009.

Gnansounou E, Dauriat A, Wyman C E. Refining sweet

its improvement.

sorghum to ethanol and sugar: economic trade-offs in the
context of North China. Bioresource Technol, 2005; 96:
985-1002.

Stevens G, Holou R A. Sweet Sorghum as a Biofuel Crop. In:
Halford NG, Karp A. editors.
Society of Chemistry, 2010; pp 56-76.

Serna-Saldivar S O, Chuck-Hernandez C, Pérez-Carrillo E,
Heredia-Olea E.
production of fuel ethanol: Current status and future trends.
In Bioethanol, edited by M.A.P. Lima and A.P.P. Natalense,
InTech, 2012; pp. 51-74.

Rohowsky B, HéBler T, Gladis A, Remmele E, Schieder D,
Faulstich M.

and juice co-fermentation on hydrothermal pretreated sweet

Energy Crops: The Royal

Sorghum as a multifunctional crop for the

Feasibility of simultaneous saccharification

sorghum bagasse for ethanol production.
2013;102: 211-219.
Sipos B, Réczey J, Somorai Z, Kadar Z, Dienes D, Réczey K.

Applied Energy,

Sweet sorghum as feedstock for ethanol production:

enzymatic hydrolysis of steam-pretreated bagasse. Appl.
Biochem. Biotechnol, 2009; 153: 151-162.
RFA (Renewable Fuels Association).
2014. Available at:
page/-/rfa-association-site/Resource%20Center/2014%20Poc
ket%20Guide%20t0%20Ethanol.pdf?nocdn=1.
[2014-03-01].

NREL (National Renewable Energy Laboratory).

Pocket guide to
ethanol http://www.ethanolrfa.org/

Assessed on

Water

[22]

(23]

[26]

(28]

[29]

[31]

[32]

[33]

[33]

usage for current and future ethanol production, 2007.
Available at http://www.epw.senate.gov/public/index.cfm?
FuseAction=Files.View&FileStore id=3d2f1427-d51d-4a54-
8739-166853eelc44. Assessed on [2014-03-13].

Wang P. Granular starch hydrolysis for fuel ethanol
production. ProQuest LLC. Ann Arbor, MI. 2009. 7-29.
Robertson G H, Wong D W S, Lee C C, Wagschal K, Smith
MR, Orts W J. Native or raw starch digestion: a key step in
energy efficient biorefining of grain J. Agric. Food Chem.,
2006; 54: 353—-365.

Weller C, Steinberg M P, Rodda E D. Fuel ethanol from
raw corn. Trans. ASABE, 1984; 27: 1911-1916.

Kelsall D R, Lyons T P. Grain dry milling and cooking
procedures: extracting sugars in preparation for fermentation.
in: The Alcohol Textbook, 4th edition; Jacques, K., Lyons, T.
P.,, Kelsall, D. R., Eds.; Nottingham University Press:
Nottingham, 2003; pp. 9-22.

Gavez A.
technology in new ethanol plant design.
2005; 11: 58-60.

AACC. Methods 55-10 and 76-13. In AACC
International Approved Methods of Analysis. 10th ed. St.
Paul, Minn.: AACC International, 2000.

Wu X, Zhao R, Bean S, Seib P A, McLaren J, Madl R L, et al.
Factors impacting ethanol production from grain sorghumin
the dry-grind process. Cereal Chem, 2007; 94(2): 130-136.
Thomas, K C, Hynes S H, Ingledew W M. Practical and

theoretical

Analyzing cold enzyme starch hydrolysis

Ethanol Producer,

considerations in the production of high

concentrations of alcohol by fermentation. Proc. Biochem,
1996; 31(4): 321-331.

Liu L, Maier A, Klocke N L, Yan S, Rogers D H, Tesso T, et
al. Impact of deficit irrigation on sorghum physical and
chemical properties and ethanol yield. Transactions of the
ASABE, 2013; 56(4): 1541-1549.

Liu L, Klocke N L, Yan S, Rogers D H, Schlegel A, Lamm F,
et al.
Chemical Properties and Ethanol Yield.
2013; 90(5): 453—462.

Wang D, Bean S, McLaren J, Seib P, Madl R, Tuinstra M,

et al.

Impact of Deficit Irrigation on Maize Physical and
Cereal Chem.,

Grain sorghum is a viable feedstock for ethanol
J Ind. Microbiol. Biotechnol, 2008; 35: 313-320.
Zhao R, Bean S, Wu X, Wang D. Assessing fermentation

production.

quality of grain sorghum for fuel ethanol production using
rapid viscoanalyzer. Cereal Chem., 2008; 85: 830-836.
Akbulut M, Ozcan M M.
rheological properties of sweet sorghum (Sorghum Bicolor (L)
Moench) Pekmez (Molasses).
Properties, 2008; 11: 79-91.
Khullar E, Sall E D, Rausch K D, Tumbleson M E, Singh V.
Ethanol
dry-grind processes using different corn types.
Chem., 2009; 86(6): 616-622.

Some physical, chemical, and

International Journal of Food

production from modified and conventional

Cereal



