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ABSTRACT
This study was conducted at Adana and Antalya provinces which are in the Mediterranean coastal zone of
Turkey in 2016. The study was done with 9 sweet sorghum genotypes and 4 sorghum variety in the randomized
blocks design of experiment as 4 replicates. As a result of the analyses in Adana location, the juice yield was
between 8728 and 35143 Lha™, Brix value was between 13.25 and 17.38%, total sugar content was between
1245 and 5909 kg ha™, ethanol yield was between 738 and 3146 L ha™, sucrose content was between 8.02 and
13.89%, glycose content was between 1.73 and 2.69%, fructose content was between 1.22 and 2.78%. As a
result of the analyses in Antalya location, the juice yield was between 5353 and 37018 L ha™, Brix value was
between 11.08 and 17.73%, total sugar content was between 612 and 6381 kg ha™, ethanol yield was between
439 and 3397 L ha™, sucrose content was between 7.08 and 14.02%, glycose content was between 0.96 and
2.72%, fructose content was between 0.87 and 3.04%. When all of the results were evaluated, genotype number
3 in Adana location and genotypes number 1 and 9 in Antalya location were determined as hopeful.
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I. INTRODUCTION

The fossil fuel sources are decreased day by day in the world, the demand to these energy sources is
increased day by day. In the world, 63 million barrel of oil was consumed in 1980, 84 million barrel of oil was
consumed in 2005, 87.8 million barrel of oil was consumed in 2011(Pandey, 2009). Because of the fosil fuels
cause to the air pollution, greenhouse gas, global climate change, it makes significant ecological problem around
the world (Demirbas, 2005;Searchingeret al., 2008).

Because of the environmental concerns and consumption problems of the fossil sourced non-renewable
energy sources in the future, the alternative energy source searching is increased. The main renewable energy
sources are water, wind, solar, geothermal and biomass. The production of the biomass energy source is based
on the agricultural products. Sugar beet, molasses cane, corn, wheat, sweet sorghum, potato, ligneous,
agricultural wastes are used in the production of bioethanol (Kavruk and Atalay, 2007). The ethanol yield values
of various field crops are seen in Table 1.

Plant species Yield Sugar/starch Ethanol yield (L ha
(tha™) (tha™) D)
Sugar beet(Beta vulgaris var.altissima L.) 7.4 9.18 5600
Sweet sorghum(Sorghum bicolor var.saccharata) 90.0 9.00 5400
Molasses cane (Saccharum officinarum L.) 80.0 8.00 5400
Potato (Solanum tuberosum L.) 324 5.77 3693
Corn (Zea mays L.) 6.9 4.49 2874
Wheat (Triticum aestivum L.) 72 4.46 2854
Barley (Hordeum vulgare L.) 5.8 3.36 2150
Table 1. Biomass, sugar/starch and ethanol yields of some field crops. *Reference: EI Bassam,1998, Emeklier,
2014

There are many advantages of bioethanol like native and renewable, reduction to the dependence of the
clean and fossil fuels, low cost, easiness of the production and conservation (Melikoglu and Albostan, 2011).
The studies about the ethanol production from agricultural products increased highly in the world in recent
years. In the study which was made in Canada about obtaining ethanol from lignosellulosic plants, it was
emphasized that these materials are a good bioethanol production source. It is estimated that bioethanol which
will be obtained from lignocellulosic plant wastes, will be equal to the half of the fuel used in the transportation
in Canada (Mabee and Saddler, 2010). The 44% of the energy sources of Brazil is obtained from the renewable
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energy sources, 13.5% of this is ensured from sugar cane. The bioethanol amount obtained from the sugar cane
in one ha area, is 6000 L, it is planning to increase up to the 10.000 L (Soccol et.al., 2010). Besides using in
transportation, bioethanol can be used in the production of electricity, small house appliances and chemical
materials (Ar, 2007).

Sweet sorghum can be adapted to the environmental conditions, it has lower manure and water
requirement according to the alternatives, it can be grown in marginal areas, it has higher yield of sugar/ethanol,
so these factors show that it is a good energy plant. It was reported that sweet sorghum can be grown as forage
crop or energy plant in the summer in free areas in inclined agricultural lands with erosion potential for
preventing the wind and water erosion, it can be used for decreasing the diseases and pests in sugar beet areas, it
can be used in the crop alternation with sugar beet for producing sugar and ethanol from sugar (Akdogan 2004).
In this study, the sugar and ethanol yields of sorghum genotypes and varieties which are in the Adana and
Antalya provinces in the Mediterranean coastal zone of Turkey were determined and the yield potentials were
revealed.

Il. MATERIAL AND METHOD

Material

Nine sweet sorghum genotypes, 3 sorghum varieties belong to the Bati Akdeniz Agricultural Research
Institute and 1 variety belong to the Uludag University were used as material in the study. The information
about the sweet sorghum genotypes which were provided from the world gene center and the varieties used in
the testing is given in the Table 2. The soil structure of Adana location was determined as mild alkaline, state
loamy. The soil structure of Antalya location was determined as alkaline, high lime and state loamy. The
average temperature values were determined as 25.04°C between June and October in Adana location in 2016.
The long years average temperature between June and October was 23.54°C. The average temperature value of
this location was higher than the long years average. The total precipitation was occured under 10 mm in the
testing period and long years average in Adana location. The average temperature values were determined as
25.12°C between June and October in Antalya location in 2016. The long years average temperature between
June and October was 23.34°C. The average temperature value of this location was higher than the long years
average. The total precipitation was 104 mm in the testing area, 107.1 mm in the long yeras average.

Genotype number | Code Gene center Gene center number Country

1 Pl USDA 170787 Turkey

2 Pl USDA 175919 Turkey

3 Pl USDA 196049 Ethiopia

4 Pl USDA 586541 Australia

5 Pl USDA 641807 -

6 Pl USDA 641821 -

7 Pl USDA 651495 United States,Mississippi
8 IS NO ICRISAT 24453 South Africa
9 IS NO ICRISAT 29187 Swaziland
Variety name Breeder instution

E.Sumac Bati Akdeniz Agricultural Research Institute

Rox Bati1 Akdeniz Agricultural Research Institute

Gozde 80 Bati Akdeniz Agricultural Research Institute

Gulseker UludagUniversity

Table 2. The information of the genotypes and varieties used in the study

Method

The research was conducted in the Antalya (36°53'N, 30°42'E), and Adana (36°59'N, 35°19'E)
provinces which are in the Mediterranean coastal zone of Turkey in 2016. The experiment was set up in
randomized blocks experimental design as 4 replicates. The parcels in the experiment were set up 5 m length, 4
rows, row spacing was 70 cm and intrarow was 10 cm. The planting was done in Adana location in 14.06.2016,
in Antalya location in 10.06.2016. The stem juice yield (L ha™), brix (%), total sugar content (kg ha), ethanol
yield (L ha), sucrose (%), glycose (%) and fructose (%) were investigated in the experiment. The datas
obtained from the analyses were subjected to the variance analysis with using JUMP statistical programme, the
averages were compared according to the LSD test.

I1l. RESULTS AND DISCUSSION
Stem Juice yield
Location x variety interaction was found as significant in terms of the stem juice yield. Therefore, each
location was evaluated in itself (Table 3). The stem juice yields were varied between 8728 and 35143 L ha® in
Adana location. The minimum stem juice yield was obtained from Gozde 80 variety, the highest stem juice yield
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was obtained from genotype number 3 in this location. The stem juice yields were varied between 5353 and
37018 L ha™ in Antalya location. The minimum stem juice yield was obtained from Gozde 80 variety, the
highest stem juice yield was obtained from genotype number 9.

As a result of the other studies about sweet sorghum stem juice; Rao et.al. (2013) conducted a study in
India and they determined the stem juice yield as between 1554 and 2084 L da™, Davilla-gomez et.al. (2011)
conducted a study in Texas/USA and they determined the stem juice yield as between 1500 and 2830 L da™,
Teetor et.al. (2011) conducted a study in Arizona/USA and they determined the stem juice yield as between
3044.94 and 5360.07 L da™. The stem juice yield is an important selection criteria for breeding studies oriented
bioethanol. The brix values of the genotypes are no matter how high it is, ethanol yields are low in case of the
juice amount is low.

In our study, higher results were obtained according to the Rao et.al. (2013) study, similar results were
obtaine with the Davilla-gomez et.al. (2011) study. Besides, in our study, lower results were obtained according
to the Teetor et.al. (2011) study. It can be said that the differences could be derived from the environment and
the difference of the varieties.

Brix

In the study, location x variety interaction was found as significant in terms of brix values (Table 3).
Brix values were varied between 13.25 and 17.38% in Adana location. The lowest brix value was determined in
Early sumac variety, the highest brix value was determined in genotype number 6. The brix values were
determined between 11.08 and 17.73% in Antalya location. The lowest brix value was determined in Gozde 80
variety, the highest brix value was determined in genotype number 1. Genotype number 1 was in the first group
in each location and it showed that it has high brix value.

Reddy et.al. (2005) made a study about sorghum varieties and they determined the brix values between
14.2 and 17.7 °Bx, Almodores and Hadi (2009) made a study about 36 sweet sorghum varieties and lines and
they determined the brix values between 11.16 and 23.01 °Bx. Atokple et.al. (2014) made a study about sweet
sorghum genotypes in Ghana, they found the brix values between 11.1 and 17.3% at flowering period, 12.5 and
19.6% at early dough period, 11.9 and 21.4% at late dough period.

The brix values of the varieties increased with the ripening. Also, the genotype and the environment
have a significant effect. Therefore, temperature, after flowering period, ripening, variety, cultural practices
cause the differences at brix values (Prasad et.al., 2007; Davilla-Gomez et.al., 2011).

The genotype number 1 was in the first group in each location. It had a brix value over 17% in each location.

Totalsugar

The location x variety interaction was found as significant in terms of total sugar, therefore each
location was evaluated in itself (Table 3). The total sugar content was detected between 1245 and 5909 kg ha™
in Adana location. The lowest content was determined at Gozde 80 variety with 1245 kg ha™ value, the highest
content was determined at genotype number 3 with 5909 kg ha™ value. In Antalya location, total sugar content
varied between 612 and 6381 kg ha™. The lowest sugar content was determined in Gozde 80 variety (612 kg ha
1), the highest content was determined in genotype number 1. The highest values were determined at genotype
number 3 in Adana location, genotype number 1 and 9 in Antalya location in terms of total sugar content and it
is came to a conclusion that these results must be evaluated for the studies which will be made in the future.

It was reported that there is a linear correlation with total sugar content and brix in sorghum and these
values are pretty close with eachother (Audilakshmi et.al., 2010). Much as the sugar content changes with
cultural practices, the genetical structure is effective firstly in the sugar content of sorghum (Calvifio and
Messing, 2012; Zegada-Lizarazu and Monti, 2012).

Ethanol yield

Location x variety interaction was found as significant in terms of ethanol yield. Therefore, each
location was evaluated in itself (Table 3). The ethanol yields varied between 738 and 3146 L ha™. In this
location, the lowest ethanol yield was obtained from Gozde 80 variety, the highest ethanol yield was obtained
from genotype number 3. In Antalya location, ethanol yields varied between 439 and 3397 L ha™. The lowest
ethanol yield was obtained from Gozde 80 variety, the highest ethanol yield was obtained from genotype
number 1.Rutto et.al., (2013) determined the 5 sweet sorghum yields between 53.2 and 141.9 L da™, Teetor
et.al., (2011) determined the ethanol yields between 81.1 and 425.2 L da™, Smith et.al., (1987) determined the
ethanol yields between 2182 and 3664 L da™. Our studys results was higher than the Rutto et.al., was similar
with Teetor et.al., and Smith et.al. It was reported that besides the sugar amount and juice yield, yeast, yeast
concentration, pH, temperature, starting sugar concentration of sorghum juice, chemical composition,
distribution in the sugar concentration effected the ethanol yield directly (Zhao et.al., 2009; Guigou et.al., 2011;
Shen et.al., 2011; Matsakas and Christakopoulos, 2013).

DOI:10.9790/1813-0711022126 www.theijes.com Page 23



Bioethanol and Sugar Yields of Sweet Sorghum

Genotype | Stem Juice yield Brix Totalsugar Ethanol Yield

(Lha™) (%) (kg ha™) (Lha™)

Adana Antalya Adana Antalya Adana Antalya | Adana Antalya
1 26680 ab 35948 a 17.25ab 17.73 a 4627 ab 6381 a 2463 ab 3397 a
2 25400 ab 22713 cd 17.00 ac 16.17b 4327 ac 3675bd | 2304 ad 1957 b
3 35143 a 28585 b 16.75 ac 13.72 df 5909 a 3899bc | 3146a 2076 b
4 24893 ab 22153 cd 15.50 ad 14.40 ce 3827 bd 3191 cd 2038 be 1699 bc
5 21938 ab 26343 bc 15.75 ad 15.82 bc 3464 bd 4167 b 1845 be 2218b
6 23715 ab 24883 bd 17.38 a 15.90 b 4113 ac 3954 be 2190 ad 1605 bc
7 26798 ab 25263 bd | 17.00 ac 14.85 bd 4573 ab 3746 bc | 2435 ac 1994 b
8 23358 ab 29088 b 13.88d 12.71fg 3215 bd 3697 bc 1712 bf 1969 b
9 25158 ab 37018 a 14.75cd 16.13b 3724 bd 5983 a 1983 be 3210 a
E.Sumac | 14157 bc 21528 cd 13.25d 12.98 eg 1843 de 2793d 979 ef 1487 be
Rox 17520 bc 15038 e 14.13d 11.58 fg 2469 ce 1664 e 1315 df 886 cd
Gozde 80 | 8728 ¢ 5353 f 14.88 bd 11.08 h 1245 ¢ 612 f 738 f 439d
Gulseker | 21938 b 20515 de 15.00 bd 14.88 bd 2807 be 3057 cd 1495 cf 1628 bc
Slgnlflan *% *% *% *k *%k *k *k *x
ce

Table 3. Juice yield, brix, total sugar content and ethanol yield values

Sucrose, Glycoseand Fructosevalues

Location x variety interaction was found as significant in terms of sucrose and fructose values,
therefore each location was evaluated in itself. Adana location was found as insignificant in terms of glycose
values (Table 4).

In Adana location, sucrose values were varied between 8.02 and 13.89%, glycose values were varied
between 1.73 and 2.69%, fructose values were varied between 1.12 and 2.78%. The lowest sucrose value was
determined in E.Sumac variety, the highest sucrose value was determined in genotype number 6. The lowest
glycose value was determined in Rox variety with 1.73%, the highest glycose value was determined in genotype
number 1 with 2.69%. The lowest fructose value was determined in genotype number 1 with 1.22%, the highest
fructose value was determined in E.sumac with 2.78%.

In Antalya location, sucrose values were varied between 7.08 and 14.02%, glycose values were varied
between 0.96 and 2.72%, fructose values were varied between 0.87 and 3.04%. The lowest sucrose value was
determined in Gozde 80 variety, the highest sucrose value was determined in genotype number 1. The lowest
glycose value was determined in Rox variety with 0.96%, the highest glycose value was determined in genotype
number 1 with 2.72%. The lowest fructose value was determined in genotype number 8 with 0.87%, the highest
fructose value was determined in genotype number 3 with 3.04%.

Genotype Sucrose Glycose Fructose

(%) (%) (%)

Adana Antalya Adana Antalya Adana Antalya
1 13.35ab 14.02 a 2.69 2.72a 1.22d 0.99d
2 12.95 ac 11.26 bc 2.05 214 ab 2.00 ad 2.78 ab
3 12.00 ad 8.69 de 2.16 1.99b 2.55 ac 3.04a
4 11.56 ad 1091 c 1.96 1.81 bc 1.99 ad 1.69 cd
5 10.84 cd 12.62 ab 2.16 1.71 bd 2.76 ab 1.49cd
6 13.89a 12.76 ab 1.86 1.06 de 1.67 cd 2.09 ac
7 12.96 ac 10.31 cd 251 214 ab 1.54 cd 2.40 ac
8 10.26 de 10.18 cd 1.95 1.66 bd 1.67 bd 0.87d
9 11.22 bhd 13.03a 1.78 1.28 ce 1.75ad 1.82 bd
E.Sumac 8.02e 8.33¢e 245 1.88 bc 2.78a 2.77ab
Rox 9.82 de 7.99e 1.73 0.96¢e 2.58ac 2.13ac
Gozde 80 10.63 ce 7.08e 2.19 2.28ab 2.06 ad 2.22 ac
Gulseker 1150 hd 10.86 ¢ 1.87 197b 1.62 cd 2.05ac
Signifiance ** ** ns ** el el

Table 4. Sucrose, glycose and fructose values

In our study, sucrose was determined as dominant component, glycose and fructose were found as
similar values with eachother. Nan and Best (1994) were reported that sugar composition of the sorghum is
composed of sucrose, glycose and fructose. Yang et.al., (2013) were investigated the variance in the sugar
composition along with the ripening period of the sorghums and they determined that sucrose is the dominant
component. In the same study, they determined that glycose was varied between 0.14% and 1.46%, fructose
was varied between 0.17 and 1.24%. Audilakshmi et.al., (2010) were determined the sucrose as dominant
component and it was varied between 7.7 and 18.1%. Our study showed similarity with the other studies in
terms of sucrose component.
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Nan and Best (1994) were reported that the glycose content was varied between 1 and 4% at 5 different sorghum
varieties 3 and 3 different harvesting time. In other study, glycose content was varied between 2.25 and 2.88%
in 3 different sorghum hybride varieties (Andrzejewvski et.al., 2013). In our studies results supported the other
researchers studies.

In different studies, researchers were detected the fructose content as 0.18 between 1.24% (Yang et.al.,
2013), 1.5 and 1.66% (Andrzejewski et.al., 2013), 0 and 2.41 % (Kawahigashi et.al., 2013) and 1.43 and 3.73%
(Almodares and Hadi, 2009). The values which were obtained in these studies and our results showed total
harmony.

IV. CONCLUSION

Turkey is a foreign dependent country in terms of fossil sourced energy. As a result of the increase of
energy requirement in the world and decrease in the oil reserve, the countries gravitated to the alternative
renewable energy resources. Turkey has potential in terms of water power, geothermal, wind and biomass
energy. Sweet sorghum plant is one of the important plant species which can be used for biomass energy. This
study was conducted at Adana and Antalya locations in 2016 with using 9 sweet sorghum genotypes and 4
sorghum varieties and juice yield, brix, total sugar content, ethanol yield, sucrose, fructose and glycose contents
were detected. As a result of the study, sweet sorgum genotypes gave higher yields and it can be a renewable
energy source alternative to the fossil fuels. Genotype number 3 in Adana location and genotypes number 1 and
9 in Antalya location were determined as hopeful with higher yields.

ACKNOWLEDGEMENTS )
This work was supported by the Scientific and Technological Research Council of Turkey (TUBITAK), No:
113 O 091.

REFERENCES

[1]. Akdogan, G(2004). Seker darisinda (Sorghum bicolor L. Moench var. saccharatum) sira araliginin ve azot dozlarinin verim
ogelerine etkisi. Msc Thesis, Ankara University.

[2]. Almodares, AandM.R. Hadi (2009). Production of bioethanol from sweet sorghum: A review”, African Journal of Agricultural
Research, 4(9):772-780.

[3]. Ar, F (2007). Biyoyakaitlar, ic Anadolu Enerji Forumu. 14 Nisan 2007,
Aksaray.http://www.emo.org.tr/resimler/ekler/65eb348fh03103d_ek.pdf.

[4]. Atokple, I. D. K.,G. K.OppongandS. K.Chikpah (2014). Evaluation of grain and sugar yields of improved sweet sorghum (Sorghum
bicolor) varieties in the Guinea Savanna Zone of Ghana. Pinnacle Agricultural Research & Management. 2 (2): 1-9.

[5]. Davila-Gomez, F.J.,C. Chuck-Hernandez., E.Perez-Carrillo., W.L.Rooney andS.O. Serna-Saldivar (2011). Evaluation of bioethanol
production from five different varieties of sweet and forage sorghums (Sorghum bicolor (L) Moench). Industrial Crops and
Products. 33(3): 611-616.

[6]. Demirbas, A (2005). Bioethanole from Cellulosic Materials: a Renewable Motor Fuel from Biomas. Energy Sources. 27:327-337.

[7]. El Bassam, N(1998). Energy plant species, their use and impact on environment and development. James and James (Science
Publishers) Ltd. London. UK. 321 pps.

[8]. Emeklier, H.Y(2014). f¢ Anadolu Bolgesi’nin yenilenebilir enerji kaynaklari potansiyeli ve enerji bitkileri tarimi. Enerji Tarimi ve
Biyoyakitlar 4. Ulusal Calistayi. 28-29 Nisan 2014.101-108.

[9]. Guigou, M.,C.Lareo., L.V.Pérez., M.E.Lluberas., D.Vazquez andM.D. Ferrari(2011). Bioethanol production from sweet sorghum:
Evaluation of post-harvest treatments on sugar extraction and fermentation. Biomass and Bioenergy. 35(7):3058-3062.

[10]. Mabee, W.E andJ.N.Saddler (2010). Biorthanol from lignocellulosics:status and perspective in Canada. Bioresource Technology.
101(13):4806-4813.

[11]. Matsakas, Land P. Christakopoulos (2013). Optimization of ethanol production from high dry matter liquefied dry sweet sorghum
stalks, Biomass and Bioenergy. 51:91-98.

[12]. Melikoglu MandA.Albostan(2011). Turkiye’de Biyoetanol Uretimi ve Potansiyeli’, Gazi Universitesi Muhendislik- Mimarlik
Fakultesi Dergisi. 26(1):151-160.

[13].  Pandey, A (2009). Handbook of Plant-Based Biofuels’, Taylor & Francis Group, 297 p. New York.

[14].  Prasad, S.,A.Singh., N.Jain and H.C.Joshi(2007). Ethanol production from sweet sorghum syrup for utilization as automotive fuel in
Hindistan. Energy and Fuels. 21:2415-2420.

[15]. Rao, S.S.,J.V.Patil., A\V.Umakanth., J.S.Mishra., C.V.Ratnavathi., G.S.Prasad and B.D.Rao (2013). Comparative performance of
sweet sorghum hybrids and open pollinated varieties for millable stalk yield, biomass, sugar quality traits, grain yield and
bioethanol production in tropical Hindistann condition.Sugar Technology. 15(3):250-257.

[16]. Reddy, B.,S.Ramesh., S.Reddy., B.Ramaiah., P.SalimathandR. Kachapur (2005). Sweet sorghum potential alternate raw material for
bio-ethanol and bio-energy. International Sorghum and Millets Newsletter. 46:79-86.

[17]. Rutto, L.K,Y.Xu., M.Brandt., S RenandM.K. Kering (2013). Juice, ethanol, and grain yield potential of five sweet sorghum
(Sorghum bicolor [L.] Moench) cultivars. Journal of Sustainable Bioenergy Systems. 3:113-118.

[18].  Searchinger T.,R.Heimlich.,R. A.Houghton., F.Dong., A.Elobeid., J.Fabiosa., S.Tokgoz., D.Hayes and T. H. Yu (2008). Use of U.S.
croplands for biofuels increases greenhouse gases through emissions from land —Ise change. Science. 319:1238-1240.

[19]. Shen, F.Y.Zeng., S.Deng andR. Liu (2011). Bioethanol production from sweet sorghum stalk juice with immobilized yeast.
Procedia Environmental Sciences. 11:782-789.

[20]. Smith, G.A,M.O.Bagby., R.T.Lewellan., D.L.Doney., P.H.Moore., F.J.Hills., L.G.Campbell., G.J.Hogaboam., G.E.CoeandK.
Freeman (1987). Evaluation of sweet sorghum for fermentable sugar production potential. Crop Science. 27:788-793.

[21].  Soccol, C.R.,L. P. D. S.Vandenberghe., A. B. P.Medeiros., S. G.Karp., M.Buckeridge., L. P.Ramos, andA. Paula (2010). Bioethanol
from lignocelluloses: status and perspectives in Brazil. Bioresource Technology.101(13): 4820-4825.

DOI:10.9790/1813-0711022126 www.theijes.com Page 25


http://www.emo.org.tr/resimler/ekler/65eb348fb03103d_ek.pdf

Bioethanol and Sugar Yields of Sweet Sorghum

[22].  Teetor, V.H.,D.V.Duclos., E.T.Wittenberg., K.M.Young., J.Chawhuaymak., M.R.Riley andD.T. Ray (2011). Effects of planting
date on sugar and ethanol yield of sweet sorghum grown in Arizona. Industrial Crops and Products. 34(2):1293-1300.

[23]. Zhao, Y.L.,A.Dolat., Y.Steinberger., X.Wang., A.Osman andG.H. Xie (2009). Biomass yield and changes in chemical composition
of sweet sorghum cultivars grown for biofuel. Field Crops Research. 111:55-64.

Cengiz Erdurmus "Bioethanol And Sugar Yields Of Sweet Sorghum "The International Journal
of Engineering and Science (IJES), ), 7.11 (2018): 21-26

DOI:10.9790/1813-0711022126 www.theijes.com Page 26



