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Abstract:- The consumption of bioethanol as biofule may reduce greenhouse gases, gasoline imports. Also it can be replaced with 

lead or MTBE (Methyl tert-butyl ether) that are air and underground water pollutants, respectively. Plants are the best choice 

for meeting the projected bioethanol demands. For this scope, a comparative analysis of the technological options using different 

feedstocks should be performed. Our research and other studies indicate that sweet sorghum can be used as a feedstock for 

ethanol production under hot and dry climatic conditions. Because, it has higher tolerance to salt and drought comparing to 

sugarcane and corn that are currently used for biofuel production in the world. In addition, high carbohydrates content of sweet 

sorghum stalk are similar to sugarcane but its water and fertilizer requirements are much lower than sugarcane. Also, sugarcane 

is not a salt tolerant plant. On the other hand, high fermentable sugar content in sweet sorghum stalk makes it to be more suitable 

for fermentation to ethanol. Therefore, it is suggested to plant sweet sorghum for biofule production in hot and dry countries to 

solve problems such as increasing the octane of gasoline and to reduce greenhouse gases and gasoline imports. 
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INTRODUCTION 

 

Each year, fossil energy resource is reducing in the world. 

Therefore, a substitute should be found. There are many crops 

available for producing energy such as sweet sorghum which 

not only produce food (Anglani, 1998 ), but also energy (Reddy 

et al., 2005), feed (Almodares et al., 1999; Fazaeli et al., 2006) 

and fiber (Murray et al., 2008a,b). Sorghum can be classified as 

sweet, grain and forage types (Almodares et al., 2008b). Sweet 

sorghum like grain sorghum produces grain 3 - 7 t/ha 

(Almodares and Mostafafi, 2006). But the essence of sweet 

sorghum is not from its seed, but from its stalk, which contains 

high sugar content (Almodares et al., 2008c). In general, it can 

produce stalk 54 - 69 t/ha (Table 1) (Almodares et al., 2008c). 

The sugar content in the juice of sweet sorghum varies in 

different varieties (Almodares et al., 1994a). The Brix range in 

different varieties of sweet sorghum is 14.32 - 

 

 

 

 

 

 

22.85% (Table 2) (Almodares and Sepahi, 1996). 

Besides having rapid growth, high sugar accumulation 

(Almodares and Sepahi, 1996), and biomass production potential 

(Almodares et al., 1994a), sweet sorghum has wider 

adaptability (Reddy et al., 2005). Also it is well adapted to 

sub-tropical and temperate regions of the world and it is water 

efficient. Sweet sorghum has many good characteristics such as 

a drought resistance (Tesso et al., 2005), waterlodging 

tolerance, salinity resistance (Almodares et al., 2007a; 

Almodares et al., 2008) and with a high yield of biomass etc. 

In addition, sweet sorghum is a C4 crop with high 

photosynthetic efficiency. Thus development of sweet sorghum 

will play an important role in promoting the development of 

agricultural production, livestock husbandry (Fazaeli et al., 

2006), energy sources (biofule) (Nahvi et al., 1994a, b), 

refining sugar, paper making etc. Carbohydrates, which are 

present in sweet sorghum, can be nonstructural such as sugars 

and starch, or structural such as cellulose, hemicellulose, and 

pectic substances (Anglani, 1998). The chief sugars present in 

sorghum kernels are the monosaccharides glucose and fructose, 
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Table 1. Comparison of sugarcane, sugar beet and sweet sorghum in Iran. 

 

 Sugarcane Sugar beet Sweet sorghum 

Crop duration About 7 months About 5 - 6 months About 4 months. 

   One season in temperate and 
Growing season Only one season Only one season two or three seasons in 

   tropical area. 

Soil requirement Grows well in drain soil 
Grows well in sandy loam; also 

All types of drained soil. 
tolerates alkalinity 

Water management 36000 m
3
/h 18000 m

3
/h 12000 m

3
/h 

 
Requires good Greater fertilizer requirement; 

Little fertilizer required; less 

Crop management pest and disease complex; 
management requires moderate management 

 easy management. 

Yield per ha 70 - 80 tons 30 - 40 tons 54 - 69 tons. 

Sugar content on weight basis 10 - 12% 15 - 18% 7 - 12%. 

Sugar yield 7 - 8 tons/ha 5 - 6 tons/ha 6 - 8 tons/ha. 

Ethanol production directly 
3000 - 5000 L/ha 5000 - 6000 L/ha 3000 L/ha. 

from juice 

   Very simple; both manual and 

Harvesting Mechanical harvested Very simple; normally manual through mechanical 
   harvested. 

 

 

the disaccharides sucrose and maltose and the trisaccharide 

raffinose. According to the kind of sugar in the stalk, it can be 

divided into saccharin- type sweet sorghum and syrup-type 

sweet sorghum (Anglani, 1998). Saccharin-type sweet 

sorghum, which mainly contains sucrose, can be used for 

refining crystal sugar. Syrup- type sweet sorghum, which 

mainly contains glucose, can be used for producing syrup. 

Sugars content in sweet sorghum stalk juice mostly were 

sucrose and invert sugars which invert sugars are included 

glucose, fructose, maltose and xylose (Almodares et al., 

2008c). Also, they reported that mannose, galactose and 

arabinose were not detected in sweet sorghum juice. Therefore, 

it seems that using carbohydrates in the stalk (sucrose and 

invert sugar) is suitable for ethanol production for biofuel 

because these carbohydrates are easily converted to ethanol. 

Although, ethanol can be produced from sweet sorghum grain 

(Figure 1) but it needs more process for converting it's starch to 

glucose that later will be converted to ethanol (Jacques et al., 1999). 

In addition, the produced baggas after juice extraction can be 

used for ethanol production (Jacques et al., 1999) or animal 

feed (Jafarinia et al., 2005). However, presently it is not 

economically feasible to produce ethanol from sweet sorghum 

baggas (Drapcho et al., 2008). The aim of this review is to 

summarize the information available on sorghum carbohydrates 

for biofule production. 

 

Sweet sorghum agronomy 

Sweet sorghum cultivation and practices are simple and readily 

adoptable (Almodares et al., 1997b). It is a short – 

day plant (Almodares et al., 2000; Rezaie et al., 2005), and 

most varieties require fairly high temperature (Reisi and 

Almodares, 2008) to make their best growth. The cereals 

(Tesso et al., 2005) and tolerate a wide range of soil conditions 

(Almodares et al., 2008e). Sorghum tole- rates compacted 

subsoil and can stand high press wheel pressure at planting. It 

tolerates a pH range of 5.0 to 8.5 (Smith and Frederiksen, 2000) 

and some degree of salinity (Almodares et al., 2007a, 2008a, 

2008c, 2008), alkalinity and poor drainage (Almodares et al., 

2008e). It also will grow on heavy, deep cracking vertisols and 

light sands (Smith and Frederiksen, 2000). The seed of sweet 

sorghum should be planted deep enough to give it moisture to 

germinate and allow its roots to grow down through moist soil 

into subsoil moisture, ahead of the drying front (Almodares et 

al., 2008e). 

Planting time (Almodares and Mostafafi, 2006) usually start 

when the air temperature is above 12°C (Almodares et al., 

2008e). Late planting reduces the length of the growing season, 

yield and carbohydrate content (Almodares et al., 1994a). Also, 

it may cause late and troublesome harvest and may expose the 

crop to pests and diseases and other hazards which are 

dominant at the end of the crop season (Almodares et al., 

2008e). Ba- lanced fertilization can increase yield (Rego et al., 

2003). Nitrogen fertilizer and its application time (Almodares 

et al., 1996) promotes sucrose content and growth rate in sweet 

sorghum (Tsialtas and Maslaris, 2005). Application of adequate 

amounts of K fertilizer increase yield res- ponses than 

increasing levels of nitrogen fertilizer alone (Pholsen and 

Sornsungnoen, 2004; Almodares and Mostafafi, 2006; 

Almodares et al., 2006; Almodares et al., 2008d; Fazaeli et al., 

2006) Sweet sorghum is harvested 
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Table 2. Mean comparisons among 36 sweet sorghum cultivars, lines and hybrids 

regarding stem yield, Brix, Sucrose and purity at university of Isfahan, Iran 

(Almodares and Sepahi, 1996). 

 

 Stem Yield Brix Sucrose Purity 

Genotypes (t ha
-1

) (%) (%) (%) 

Cultivars     

Roce 39.14 21.96 14.39 66.71 

Vespa 84.53 20.99 13.05 74.59 

Brandes 77.14 18.72 8.92 46.39 

MN1500 83.71 20.71 12.00 57.59 

E36-1 48.00 18.26 13.41 76.02 

Soave 61.57 20.73 13.46 65.00 

M81-E 103.57 16.01 10.26 65.10 

Sumac 44.43 21.12 12.85 60.10 

Sofrah 85.57 19.63 12.61 64.05 

SSV-108 62.85 22.25 13.97 62.26 

SSV-94 70.14 20.64 11.75 57.12 

SSV-96 62.00 22.54 13.71 60.10 

Theis 100.14 19.10 7.26 37.59 

Foralco 97.71 20.40 12.64 60.83 

Rio 95.00 22.36 16.06 71.31 

S-35 58.43 19.78 11.58 58.75 

Turno 39.86 11.16 6.00 35.86 

Satiro 27.86 17.16 10.33 60.02 

Wary 126.42 15.84 7.85 49.40 

Lines     

IS 686 61.43 16.54 9.00 54.39 

IS 16054 51.85 21.07 11.73 55.83 

IS 18154 42.14 19.04 12.71 66.71 

IS 6962 43.00 23.01 13.61 58.85 

IS 9639 54.00 21.77 14.31 65.23 

IS 2325 59.57 20.70 14.28 60.18 

IS 6973 33.43 22.85 14.21 61.88 

IS 4546 56.43 22.03 13.05 60.12 

IS 19273 46.28 20.29 15.04 73.69 

IS 4354 33.86 17.66 9.80 55.28 

Hybrids     

A1 x IS 6973 83.28 16.46 9.53 57.17 

A13 x IS 
97.00 21.18 14.26 66.78 

1273 

A1 x IS 
88.13 18.69 11.82 63.04 

19261 

A1 x IS 
87.13 16.51 10.51 62.89 

14446 

A45 x IS 
124.13 17.95 13.36 74.06 

14446 

A1 x IS 
128.85 17.82 13.00 73.51 

19273 

A13 x IS 
113.56 14.32 10.73 74.40 

14446 
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Figure 1. Proposed layout for ethanol production and by-product from sweet sorghum. 

 

 

at milk stage (Ranjbar and Almodares, 2002; Almodares et al., 

2007b). Experiment crop can with-stand periods of drought 

better than mostpotential for sweet sorghum production can 

be increased through selection and development of adapted 

cultivars (Almodares and Sepahi, 1996). The aim of 

agronomy in sweet sorghum is to increase productivity with 

focus on biofuel and improved feedstock supply duration as 

follows. 

 

i) Water and fertilizer (macro- and micronutrients) ef- fects 

and their interaction on sugar, grain and bagasse yield and 

quality. 

ii) Effect of day length, temperature and their interac- tion, on 

sugar, grain and bagasse yield and quality (and help identify 

suitable cultivars for season/location). 

iii) Crop rotation experiments to identify the most pro- 

ductive and sustainable cropping systems for different 

ecosystems. 

 

Sorghum carbohydrate 

The chief nonstructural carbohydrate in grain (Somani et al., 

1995) of sweet sorghum is starch while sucrose is the main 

carbohydrate content in the stalk which is do- minant form 

transported in the plant. Subramanian et al. (1994) have 

reported that cultivars with white or pale yellow seeds are 

most suitable for starch production. Both alpha and beta 

amylases (Reisi and Almodares, 2008) are sugars (Beta et al., 

1995). The primary sugars 

present in grain of sweet sorghum are fructose, glu- cose, 

raffinose, sucrose and maltose. In sorghum leaves, sucrose is 

translocated and transformed into starch during the 

development of grains (Smith and Frederiksen, 2000). 

Grain plus stem of sweet sorghum has been shown to yield 

more fermentable carbohydrates than other fuel crops 

(Murray et al., 2008b). 

In addition, the grain can be used for production of high 

fructose syrup (Hosseini et al., 2003) and animal feed (Ebadi 

et al., 1997; Azarfa et al., 1998) . Therefore, sorghum is an 

excellent crop for biomass production. The high nonstructural 

carbohydrate content of its vege- tative biomass can be 

fermented to methane or ethanol (Reddy et al., 2005). 

Ethanol production by fermen- tation of sugar solutions 

obtained from sweet sorghum varies widely among years at 

different locations, fertility (Almodares et al., 2006, 2008d), 

moisture, planting/har- vest dates (Almodares et al., 1997a; 

Almodares and Mostafafi, 2006), preclude a strict linear 

association between number of frost free days (Almodares et 

al., 2007b). In stems the extent of sucrose accumulation 

varies among cultivars (Table 2) (Almodares and Sepahi, 

1996; Almodares et al., 1997a). 

Sorghum nonstructural carbohydrates contents are affected 

by temperature, time of day (Almodares et al., 2000), 

maturity (Almodares et al., 1994b), cultivar (Almodares and 

Sepahi, 1996), culm section, spacing and fertilization 

(Almodares et al., 2008d). Shading signi- ficantly reduces 

panicle and leaf laminae dry weights 
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of sorghum (Kiniry et al., 1992). Environmental condi- tions 

such as water quality (Almodares and Sharif, 2005, 2007) 

and also growth stage (Almodares et al., 2007c) and maturity 

is a factor a affecting carbohydrate content (Almodares et al., 

1994b). In the sweet sor- ghum, sucrose, glucose and fructose 

contents increase after anthesis (Almodares et al., 2008c). In 

stems, non- structural carbohydrates contents increase after 

preboot (Almodares et al., 2008c) and reach a maximum level 

near post anthesis (Almodares et al., 2008c). 

Senescence and nonsenescence affect levels of sugar 

accumulation in the culm of sorghum cultivars (Vietor et al., 

1990). The nonsenescent cultivars contain more 

carbohydrates at all maturity stages than the senescent 

cultivars. They reported that harvested senescent and 

nonsenescent sorghum hybrids at three stages of maturity: 

grain filling, black layer and post- black layer. Plants were 

shown to be physiologically mature when the black layer 

formed in the pedicel of kernels at the panicle base. McBee 

and Miller (1990) reported that closer spacing significantly 

increased total carbohydrates at the anthesis stage. Sugar 

production of sweet sorghum was compared with sugarcane 

and sugar beet and the results showed that sugar produc- tion 

from sweet sorghum is cheaper than both sugar cane and 

sugar beet (Blas et al., 2000). Therefore, it can be used as a 

supplementary sugar crop (Kualarni et al., 1995). So, it seems 

that through cultural prac-tices, breeding and physiological 

manipulation can increased the carbohydrate contents in 

sweet sorghum plants and because of sweet sorghum has high 

amount of sucrose, glucose and fructose which is easily 

conver-ted to ethanol by microorganism of Saccharomyces 

cerevisiae. Thus, sweet sorghum is a suitable plant for biofuel 

production. 

 

The important of ethanol in biofule 

One method to reduce air pollution is to oxygenated fuel for 

vehicles. MTBE (Methyl tert-butyl ether) is a member of a 

group of chemicals commonly known as fuel oxygenates 

(Fischer et al., 2005). It is a fuel additive to raise the octane 

number. But it is very soluble in water and it is a possible 

human carcinogenic (Belpoggi et al., 1995). Thereby, it 

should be substituted for other oxygenated substances to 

increase the octane number of the fuel. Presently, ethanol as 

an oxygenous biomass fuel is considered as a predominant 

alternative to MTBE for its biodegradable, low toxicity, 

persistence and regenerative characteristic (Cassada et al., 

2000). The United States gasoline supply is an ethanol blend 

and the importance of ethanol use is expected to increase as 

more health issues are related to air quality. Ethanol may be 

produced from many high energy crops such as sweet 

sorghum (Figures 1 and 2), corn, wheat, barely, sugar cane, 

sugar beet, cassava, sweet potato and etc (Drapcho et al., 

2008). Like most biofuel crops, 

sweet sorghum has the potential to reduce carbon emissions. 

In addition, among the plants, sweet sor- ghum has the 

following characteristics (Almodares et al., 2008e): 

i) It is an efficient converter of solar energy, as it requires 

low inputs and yet, a high carbohydrate producer. 

ii) As a drought-tolerant crop with multiple uses. 

iii) It has a concentration of sugar which normally varies 

between 12 - 21%, directly fermentable (that is, no starch to 

convert). 

iv) It can be cultivated in temperate, subtropical and 

tropical climates. 

v) All components of the plant have economic value - the 

grain from sweet sorghum can be used as food or feed, the 

leaves for forage, the stalk (along with the grain) for fuel, the 

fiber (cellulose) either as mulch or animal feed and with 

second generation technologies even for fuel. 

vi) Its bagasse, after sugar extraction, has a higher biological 

value than the bagasse from sugarcane, when used as feed 

for animals. 

vii) Its growing period is shorter (3 - 5 months) than that of 

sugarcane (10 - 12 months), and the quantity of water 

required is 1/3 of sugarcane. 

viii) In tropical irrigated areas sweet sorghum can be 

harvested twice each year (by ratooning) and its pro- duction 

can be completely mechanized. 

ix) It has some tolerance to salinity. 

x) It can produce large quantities of both readily 

fermentable carbohydrate and fiber per unit land area. 

Therefore, based on the above characteristics, it seems that 

sweet sorghum is the most suitable plant for biofuel 

production than other crops under hot and dry climatic 

conditions. In addition, possible use of bagasse as a by- 

product of sweet sorghum include: burning to provide heat 

energy, paper or fiber board manufacturing, silage for animal 

feed or fiber for ethanol production. However, since sweet 

sorghum is at a relatively early stage of its development, 

continued research was needed to obtain better genetic 

material and match local agro-economic conditions. The 

challenge is to harvest the crop, sepa- rate it into juice and 

fiber and utilize each constituent for year-round production of 

ethanol. 

Sweet sorghum juice is assumed to be converted to ethanol 

at 85% theoretical, or 54.4 L ethanol per 100 kg fresh stalk 

yield. Potential ethanol yield from the fiber is more difficult 

to predict (Rains et al., 1993). The emer- ging enzymatic 

hydrolysis technology has not been proven on a commercial 

scale (Taherzadeh and Karimi, 2008) . One ton of corn grain 

produces 387 L of 182 proof alcohol while the same amount 

of sorghum grain produces 372 L (Smith and Frederiksen, 

2000). Sorghum is used extensively for alcohol production 

(Kundiyana, 1996; Bulawayo et al., 1996; Smith and 

Frederiksen, 2000; Gnansounou et al., 2005), where it 
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Figure 2. Mass balance of sweet sorghum juice extraction and ethanol production (Prasad et al., 

2007). 

 

is significantly lower in price than corn or wheat (Smith and 

Frederiksen, 2000). The commercial technology required to 

ferment sweet sorghum biomass into alcohol has been 

reported in china (Gnansounou et al., 2005). One ton of sweet 

sorghum stalks has the potential to yield 74 L of 200- proof 

alcohol (Smith and Frederiksen, 2000). Therefore, it seems 

that because ethanol can be produced from both stalk and 

grain of sweet sorghum (Figure 1), so it is the most suitable 

crop for ethanol production using for biofuel comparing to 

other crops such as corn or sugarcane. 

 

Sweet sorghum stalk processing for ethanol production 

Juice extraction 

Juice is extracted by series of mills (Almodares et al., 2008e). 

The juice coming out of milling section is first screened, 

sterilized by heating up to 100°C and then clarified (Quintero 

et al., 2008). The muddy juice is then 

sent to rotary vacuum filter and the filtrate juice is sent to 

evaporation section for concentration (syrup to etha- nol). 

The juice can also be directly sent to fermentation section 

(Figure 1) (juice to ethanol). Depending on the scheme 

selected the juice can be concentrated using evaporators to 

attend various brix. In case of juice to ethanol (no syrup), it is 

advisable to partially increase the concentration of juice to 16 

- 18 brix. The syrup which needs storage for using during off 

season needs to concentrate to minimum 65 brix (normally 85 

brix). 

 

Fermentation 

 

Fermentation is a multidisciplinary process based on the 

chemistry, biochemistry and microbiology of the raw 

materials. Juice or syrup is converted into ethanol by the 

yeast Saccharomyces cerevisiae. Sugar is con- verted to 

ethanol, carbon dioxide and yeast biomass as well as much 

smaller quantities of minor end products such as glycerol, 

fusel oils, aldehydes and ketones 
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(Jacques et al., 1999). 

 

Distillation and dehydration 

In the distillation section, alcohol from fermented mash is 

concentrated up to 95% v/v. This is further concen- trated to 

produce ethanol with 99.6% v/v (minimum) concentration. 

The treatment of vinasse generated in the distillation section 

can be done using following option: 

Concentration of part of vinasse to 20 to 25% solids followed 

by composting using press mud available and concentration 

of rest of the vinasse to 55% solids and use as liquid fertilizer. 

Since Iran has dry and hot climatic conditions (Almodares, 

2000) therefore sweet sorghum has emerged as a leading 

candidate for liquid sugar (Almodares and Sepahi, 1997) and 

biofuel production (Nahvi et al., 1994a) with minimum inputs 

(Almodares and Sepahi, 1997). 

 

Processing ethanol production from sweet sorghum grain 

The ethanol production processing from sweet sorghum grain 

(Figure 1) is similar to corn and it can be described according 

to Quintero et al. (2008). After washing, crushing and milling 

the sweet sorghum grains, the starchy material is gelatinized, 

liquefied and saccharified using -amylase and glucoamylase 

en- zymes to produce glucose. Fermentation, distillation and 

dehydration processing of grain sorghum are similar to the 

sweet sorghum stalk. However, the by- products of grain is 

not similar to the stalk because DDGS (dried distillers grains 

with solubles) as a co- product of the ethanol production 

process from grain is a high nutrient feed valued which is 

used by the livestock industry. 

 

Conclusion 

 

It is clear that fuel ethanol from sweet sorghum is the best 

choice to be implement under hot and dry climatic conditions 

regarding both economic and environmental considerations. 

Because, sweet sorghum has higher tolerance to drought 

(Tesso et al., 2005), water logging and salt (Almodares et al., 

2008, 2008a), alkali and aluminum soils; It may be harvested 

3 - 4 months after planting (Table 1) and planted 1 - 2 times a 

year (in tropical areas); Its energy output / fossil energy input 

is higher than sugarcane, sugar beet, corn, wheat and etc… 

specially in temperate areas; It is more water use efficient 

(1/3 of water used by sugarcane at equal sugar production); 

Its production can be completely mecha- 

nized and Its bagasse has higher nutritional value than the 

bagasse from sugarcane, when used for animal feeding. 

Also, by implementing agricultural practices such as 

adequate water and fertilizers, suitable cultivars or hybrids, 

crop rotation, pest management and etc… can increase 

productivity with focus on biofuel production (Reddy et al., 

2005). In addition, sweet sorghum has high amount of 

sucrose (Almodares and Sepahi, 1996) and invert sugar 

(Almodares et al., 2008c) which are easily converted to 

ethanol (Jacques et al., 1999; Prasad et al., 2007). Therefore, 

it seems that sweet sor- ghum is the most suitable crop for 

biofuel production in arid regions of the world. This 

awareness should push government of the countries with such 

climatic condi- tions to promote the development of projects 

for fuel ethanol production from sweet sorghum. 

However, social aspects (including environmental 

concerns) should play a more significant role in the selection 

of the most suitable feedstocks for the alcohol industry. In 

this way, financial indicators would not be necessarily the 

decisive factors when new large-impact projects for biofuels 

production are studied and implemented in developing 

countries. 

 
REFERENCES 

 

Almodares A (2000). Sweet sorghum: An energy crop for dry and hot 

countries. In: Proceeding of the First World Conference and Exhibition on 
Biomass for Energy and Industry (Ed. A Almodares). Sevilla, Spain 

Almodares A, Abdy M, Somani RB, Jilani SK (1999). Comparative study of 
sorghum sudangrass hybrids and lines for forage. Ann. Plant Physiol. 13: 

6-10 

Almodares A, Aghamiri A, Sepahi A (1996). Effects of the amount and time 

of nitrogen fertilization on carbohydrate contents of three sweet sorghum 

cultivars. Ann. Plant Physiol. 10: 56-60 
Almodares A, Hadi MR, Ahmadpour H (2008). Sorghum stem yield and 

soluble cabohdrates under phonological stages and salinity levels Afr. J. 

Biotech. 7: 4051-4055 
Almodares A, Hadi MR, Dosti B (2007a). Effects of Salt Stress on 

Germination Percentage and Seedling Growth in Sweet Sorghum 

Cultivars. J. Biol. Sci. 7: 1492-1495 
Almodares A, Hadi MR, Dosti B (2008a). The effects of salt stress on 

growth parameters and carbohydrates contents in sweet sorghum. Res. J. 

Environ. Sci. 2: 298-304 
Almodares A, Hadi MR, Ranjbar M, Taheri R (2007b). The Effects of 

Nitrogen Treatments, Cultivars and Harvest Stages on Stalk Yield and 

Sugar Content in Sweet Sorghum. Asian J. Plant Sci. 6: 423- 426 

Almodares A, Mostafafi DSM (2006). Effects of planting date and time of 

nitrogen application on yield and sugar content of sweet sorghum. J. 
Environ. Biol. 27: 601-605 

Almodares A, Taheri R, Adeli S (2008b). Categorization of sweet sor- ghum 

cultivars and lines as sweet, dual purpose and grain sorghum J. Tropical. 
Agri. 46: 62–63. 

Almodares A, Taheri R, Adeli S (2008c). Stalk yield and carbohydrate 

composition of sweet sorghum [Sorghum bicolor (L.) Moench] cultivars 
and lines at different growth stages. J. Malesian Appl. Biol. 37: 31-36. 

Almodares A, Sepahi A (1996). Comparison among sweet sorghum 
cultivars, lines and hybrids for sugar production. Ann. Plant Physiol. 10: 

50-55 

Almodares A, Sepahi A (1997). Potential of sweet sorghum for liquid sugar 

production in Iran. In: Proceedings of the First International 



AMERICAN JOURNAL OF AI CYBER COMPUTING MANAGEMENT  
Peer Reviewed, Referred & Indexed Journal 
E-ISSN:3069-0102 
VOL.3, NO. 3(2023) 

 

46 
 

      
 
 

 

Sweet Sorghum Conference (Eds. A Almodares & A Sepahi). 

Beijing, China 

Almodares A, Sepahi A, Dalilitajary H, Gavami R (1994a). Effect of 
phenological stages on biomass and carbohydrate contents of sweet 

sorghum cultivars Ann. Plant Physiol. 8: 42-48. 
Almodares A, Sepahi A, Karve A (1994b). Effect of planting date on yield 

and sugar production of sweet sorghum. Ann. Plant Physiol. 8: 49-54 

Almodares A, Sepahi A, Rezaie A (2000). Effect of breaking night period on 
sugar production in sweet sorghum plant. Ann. Plant Physiol. 14: 21-25 

Almodares A, Sepahi A, Shirvani M (1997a). The effects of planting date and 

genotype on carbohydrate production from sweet sorghum in the south of 
Iran. Ann. Plant Physiol. 11: 1-5 

Almodares A, Sepahi A, Shirvani M (1997b). Sweet sorghum cultural 

practices in Iran. In: Proceedings of the First International Sweet Sorghum 
Conference (Eds. A Almodares, A Sepahi & M Shirvani). Beijing, China 

Almodares A, Sharif ME (2005). Effect of water quality on yield of sugar 

beet and sweet sorghum. J. Environ. Biol. 26: 487-493 

Almodares A, Sharif ME (2007). Effects of irrigation water qualities on 
biomass and sugar contents of sugar beet and sweet sorghum cultivars. J. 

Environ. Biol. 28: 213-218 

Almodares A, Taheri R, Adeli S (2007c). Inter-relationship between growth 
analysis and carbohydrate contents of sweet sorghum cultivars and lines. J. 

Environ. Biol. 28: 527-531. 

Almodares A, Taheri R, Chung M, Fathi M (2008d). The effect of nitrogen 
and potassium fertilizers on growth parameters and carbohydrate content 

of sweet sorghum cultivars. J. Environ. Biol. 29: 849-852 

Almodares A, Taheri R, Hadi MR, Fathi M (2006). The Effect of Nitrogen 
and Potassium Fertilizers on the Growth Parameters and the Yield 

Components of Two Sweet Sorghum Cultivars. Pakistan. Biol. Sci. 9: 

2350-2353 
Almodares A, Taheri R, Safavi V (2008e). Sorghum, Botany, Agrono- my 

and Biotechnology, Jahad Daneshgahi of University of Isfafan, Isfahan 

Anglani C (1998) Sorghum carbohydrates - A Rev. Plant Food Human Nutr. 
52: 77-83 

Nandigama, N. C. (2019). Hybrid Facial Recognition System Using 

Histogram of Oriented Gradients and Deep Learning with Dimensionality 
Reduction. Research Journal of Nanoscience and Engineering, 3(4), 30–

35. https://doi.org/10.22259/2637-5591.0304005 

Belpoggi F, Soffritti M, Maltoni C (1995). Methyl tertiary-butyl ether 
(MTBE) - A gasoline additive - causes testicular and lymphohae- 

matopoetic cancers in rats. Toxicol. Ind. Health 11: 119-149. 

Beta T, Rooney L, Waniska R (1995). Malting characteristics of sorghum 
cultivars Cereal Chem. 72: 533-538 

Blas J, Almodares A, Somani RB (2000). Econo- Feasibility of sugar 

production from sweet sorghum. PKV Res. J. 24: 30-34 
Bulawayo B, Bvochora JM, Muzondo MI, Zvauya R (1996). Ethanol 

production by fermentation of sweet sorghum juice using various yeast 

strains. World J. Microb. Biot. 12: 357-360. 
Cassada DA, Zhang Y, Snow DD, Spalding RF (2000). Trace analysis of 

ethanol, MTBE, and related oxygenate compounds in water using solid-

phase microextraction and gas chromatography/mass spectrometry. Anal. 
Chem. 72: 4654-4658. 

Drapcho CM, Nhuan NP, Walker TH (2008). Biofuels Engineering Process 

Technol., The McGraw-Hill companies, Inc, USA 

Ebadi M, Reza RP, Khorvash M, Adl KN, Almodares A (1997). Nu- trient 
composition and metabolizable energy values of 36 sorghum grain 

cultivars and two types of corn 1: 67-76 

Fazaeli H, Golmohhammadi HA, Almodares A, Mosharraf S, Shaei A 
(2006). Comparing the performance of sorghum silage with maize silage 

in feedlot calves. Pakistan J. Biol. Sci. 9: 2450-2455 

Fischer A, Oehm C, Selle M, Werner P (2005). Biotic and abiotic 
transformations of methyl tertiary butyl ether (MTBE). Environ. Sci. 

Pollut. Res. Int. 12: 381-386 

Gnansounou E, Dauriat A, Wyman CE (2005). Refining sweet sorghum to 
ethanol and sugar: economic trade-offs in the context of North China. 

Bioresource Technol. 96: 985-1002 
Hosseini H, Almodares A, Miroliaei M (2003). Production of fructose 

h 

ference (Eds. H Hosseini, A Almodares & M Miroliaei). Urmia, Iran 

Jacques K, Lyons TP, Kelsall DR (1999). The Alcohol Textbook. 3rd 

Eds. p 388 
Jafarinia M, Almodares A, Khorvash M (2005). Using sweet sorghum 

bagasse in silo In: Proceeding of the 2nd Congress of Using Renewable 
Sources and Agric. Wastes (Eds. M Jafarinia, A Almodares & M 

Khorvash). Khorasgan Azade University, Isfahan, Iran 

Kiniry JR, Tischler CR, Rosenthal WD, Gerik TJ (1992). Nonstructural 
carbohydrate utilization by sorghum and maize shaded during grain 
growth. Crop Sci. 32: 131-137. 

Kualarni DP, Almodares A, Somani RB (1995). Sweet sorghum- A 

supplementary sugar crop in Iran. Ann. Plant Physiol. 9: 90-94 
Kundiyana DK (1996). Sorganol: In-field production of ethanol from 

sweet sorghum. In: Dairy Sci. College. University of Agricultural 

Science Bangalore, India 
McBee G, Miller FR (1990). Carbohydrate and lignin partitioning in 

sorghum stems and blades. Agron. J. 82: 687-690. 

Murray SC, Rooney WL, Mitchell SE, Sharma A, Klein PE, Mullet JE, 
Kresovich S (2008a). Genetic Improvement of Sorghum as a Biofuel 

Feedstock: II. QTL for Stem and Leaf Structural Carbo- hydrates. Crop 

Sci. 48: 2180-2193 
Murray SC, Sharma A, Rooney WL, Klein PE, Mullet JE, Mitchell SE, 

Kresovich S (2008b). Genetic Improvement of Sorghum as a Biofuel 

Feedstock: I. QTL for Stem Sugar and Grain Nonstructural 
Carbohydrates. Crop Sci. 48: 2165-2179 

Nandigama, N. C. (2018). Deep Vision Networks for Multimodal Biometric 

Authentication: A Hybrid Feature-Level Fusion Approach with Machine 
Learning Optimization. Research Journal of Nanoscience and 

Engineering, 2(4), 22–29. https://doi.org/10.22259/2637-5591.0204005. 
Nahvi I, Almodares A, Rasuli A (1994b). The effect of environ. factors on 

ethanol production from sweet sorghum juice. In: Proceeding of the1th 

Iranian Congress on Chem. Eng. (Eds. I Nahvi, A Almodares & A 
Rasuli). Tehran, Iran 

Pholsen S, Sornsungnoen N (2004). Effects of nitrogen and potassium rates 

and planting distances on growth, yield and fodder quality of forage 
sorghum (Sorghum bicolor L. Moench). Pakistan 

J. Biol. Sci. 7: 1793-1800 

Prasad S, Singh A, Jain N, Joshi HC (2007). Ethanol production from sweet 

sorghum syrup for utilization as automotive fuel in India. Energy Fuels 

21: 2415-2420. 
Quintero JA, Montoya MI, Sanchez OJ, Giraldo OH, Cardona CA (2008). 

Fuel ethanol production from sugarcane and corn: Comparative 
analysis for a Colombian case. Energy 33: 385-399 

Rains GC, Cundiff JS, Welbaum GE (1993). Sweet sorghum for a piedmont 

ethanol industry. In: New crops (Eds. J Janick & JE Simon). Wiley New 
York 

Ranjbar M, Almodares A (2002). The effect of nitrogen application time and 

harvesting on sweet sorghum yield. Flavarjan Azad University 1: 59-69 
Reddy BVS, Ramesh S, Reddy PS, Ramaiah B, Salimath PM, Kachapur R 

(2005). Sweet Sorghum–A Potential Alternate Raw Material for Bio-

ethanol and Bio-energy. Int. Sorghum Millets Newslett. 46: 79–86 

Rego TJ, Rao VN, Seeling B, Pardhasaradhi G, Rao JVDK (2003). Nutrient 

balances a guide to improving sorghum and ground based dry land 
cropping systems in semi-arid topical India. Field Crop Res. 81: 53-68. 

Reisi F, Almodares A (2008). The effect of planting date on amylose content 

in sorghum and corn. In: Proceeding of the 3rd Int. Biol. conference (Eds. 

F Reisi & A Almodares). Tehran, Iran 

Rezaie A, Almodares A, Amini M, Khanghly S (2005). The effect of milo 
photoperiodic to red light In: Proceeding of the1st National Cograss on 

Forage Grass (Eds. A Rezaie, A Almodares, M Amini & S Khanghly). 

University of Tehran Agricultural and Natural Research, Karaj, Iran 
Smith CW, Frederiksen RA (2000). Sorghum: Origin, history, techno- logy, 

and production, John Wiley and Sons, New York. 

Somani RB, Almodares A, Shirvani M (1995). Preliminary studies on 
sweetner production from sorghum grains. Ann. Plant Physiol. 9: 146-148 Subramanian V, Hoseney RC, Cox PB (1994). Factors affecting the 

from sorghum grain. In: Proceeding of the 11 Iranian Biology Con- 



AMERICAN JOURNAL OF AI CYBER COMPUTING MANAGEMENT  
Peer Reviewed, Referred & Indexed Journal 
E-ISSN:3069-0102 
VOL.3, NO. 3(2023) 

 

47 
 

      
 
 

 

color and appearance of sorghum starch. Cereal Chem. 71: 275- 278 

Taherzadeh MJ, Karimi K (2008). Bioethanol: Market and Production 

Processes. In: Biofuels Refining and Performance (Ed. A Nag). The Mc 
Graw- Hill, USA 

Tesso TT, Claflin LE, Tuinstra MR (2005). Analysis of Stalk Rot Resistance 

and Genetic Diversity among Drought Tolerant Sorghum Genotypes. 

Crop Sci. 45: 645-652 

Tsialtas JT, Maslaris N (2005). Effect of N Fertilization Rate on Sugar Yield 

and Non-Sugar Impurities of Sugar Beets (Beta vulgaris) Grown Under 

Mediterranean Conditions. J. Agron. Crop Sci. 191: 330-339 

Vietor DM, Miller FR, Cralle HT (1990). Nonstructural carbohydrates in 

axillary branches and main stem of senescent and nonsenescent sorghum 

types. Crop Sci. 30: 97-100 


