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ABSTRACT 

 

Agricultural residues, the weak skin of jelly seeds of the Palmyra Palm mixed 

with orange peels that were used as raw materials for renewable energy production, were 

evaluated in this research. Optimum conditions for ethanol production were investigated in 3 

steps. Weight ratios of 5:1 to 5:4 of material mixture (seed weak skin to orange peels) were 

studied in the first pretreatment step. The second hydrolysis step was divided into 2 methods. 

These were thermal-physic hydrolysis (boiling) that studied important factors were 20  40 ml of 

added water amount, 75  90¯C of boiling temperatures and 15  60 min of boiling time, and 

biological hydrolysis that significant factors were 1  10 days of decay time with 80  90 

%relative humidity. The third step was fermentation that was compared with between using Loog 

Pang Kao-  10 

 10 days with an initial pH of about 5 at an ambient 

temperature. 

It was found that the 5:3 of ratio of raw mixture was enough for the ethanol 

production and would be employed for next steps. The optimum conditions could be operated by 

3 different options. Firstly, the crushed raw mixture was hydrolyzed by boiling at 80¯C for 45 

min that could get 6.01 g/L reducing sugar (glucose) content in the hydrolyzed products, and then 

the hydrolyzed products were fermented by using 3 %wt Loog Pang with an initial pH of 5 at an 

ambient temperature for 9 days that could provide 4.15 %v ethanol product. Secondly, the 

hydrolysis was the same as the first option and then the fermentation was carried out by using 5 



(6) 
 

5.57 %v ethanol product. Finally, the biological hydrolysis was done at 80  90 %relative 

humidity for 4 days that it could be obtained 6.85 g/L glucose content, after that the fermentation 

n ambient temperature for 

3 days that could reach 9.05 %v ethanol product. In addition, the 3 options were scaled up for 

fermentation in 2.5 L bio-reactor. They could increase the ethanol contents to 4.32, 5.78 and 9.50, 

respectively. The third option could give the highest ethanol content in the products that would be 

investigated for ethanol purification by using a rotary vacuum evaporator. Operating conditions 

were studied at 65  75¯C for 5  15 min. The optimum purification was 70¯C for 5 min and 550 

mmHg that provided 85 %v ethanol content and could reach 97 %v ethanol product for 3 times of 

evaporation repeatedly. 
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2 2 Murphy, 2005
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 1) Acid Hydrolysis  

 
HCl H2CO3 HNO3 H2SO4
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 4.  

 

 5. 

 

 6.  

 

2-3 

 
 

-3  

  2553  

 

1   

 
 

 

 

 

 

260 

70 

70 

180 

375 

83 

 
 



29 

 

3 

 

 2.4.3  2546
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 2.4.3.1 Gelatinization  

 
80-95 

Gelatinization temperature   
 2.4.3.2 Liquefaction  

 
 

 2.4.3.3 Saccharification  

 

 
  

 2.4.4  2546  
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 2.4.4.1 Endoamylase  
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Amylose

Amylopectin -Amylase

-Amylase Oligosaccharide -limit-

dextrins 
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 2.4.4.2 Exoamylase  

 -1,4 -1,6 

Glucoamylase -Amylase

-Glucosidase

Amylase Amylopectin

Glucoamylase -Glucosidase

Maltose -limit-dextrins ( -Amylase  

 2.4.4.3 Debranching enzyme  

 -1,6 

Isoamylase Pululanase

Amylopectin -1,6 

Polysaccharide  

 2.4.4.4 Transferase  

 -1,4 donor molecule 

donor Glycosidic acceptor 

Amylomaltase Cyclodextrin glucosyltransferase (CGTase) 

Cyclodextrin Cyclic oligosaccharide 7-8  

  

2.5  (Fermentation) 
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 95 
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  Acetaldehyde  0-0.03 

  Acetic acid   0.05-0.25 

  Glycerine   2.5-3.6 

  Lactic acid   0-0.2 

  Succinic acid   0.5-0.77 

  Fusel oil   0.25-0.5 

  Furfural    
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(1) Batch Fermentation  

 

pH  

 (2) Fed Batch Fermentation  

 

(3) Continuous Fermentation  
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Crabtree Glucose effect Metabolism
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Glucose

Sucrose 0.02-0.1 

2549  
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140.2 

30-35 

0 40  

Hughes, 1984  
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4.5 3.0 

 (Rose, 1987) 
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 2.5.1.7  

 0.5 

Log Exponential phase

Dombek, 1986

2539  

 Microbial growth kinetics

2-12 6 

Inoculation

Lag phase

Acceleration phase

Growth rate Log 

Exponential phase
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Stationary phase

Death Declining phase 2538  
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 95:5     

(Azeotropic point)  

 

 99.5  99.5 

3  

2.5.2.1 Extractive 

Distillation with the third component   

 3 

   (entrainer)   (cyclohexane) 

 (benzene) 
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Benzene  

Cyclo-hexane   

2.5.2.2 Molecular Sieve Separation  

  

  

2.5.2.3 Membrane Pervaporation   

  

 (Membrane)  (permeation) 

 

 

 

 

 ( )   

  2-4 

 

 2-4 

    (  www.eduzones.com, http://knowledge.eduzones.com/ knowledge-2-

   5-37230.html) 

 
 

 
 

 

kg-cal/kg-ethanol  

95-99.5  790 

90-99.5 Membrane  101-350 
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 2.5.3  

(

2549) 

 

 

2.5.3.1  (CO2) 

  

 150,000 /  100-

120 /  

 (Gas)  (Liquid CO2)  (Solid CO2)  

   

     

  

 (Combustion)  

     (CaCO3) 

 (Na2CO3)  

2.5.3.2  (Fusel oil) 

  (Fusel alcohol) 

 

  

 3, 4  5    (Isoamyl alcohol)

 (Active amyl alcohol)  

 (Butanol)  (Propanol)  
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2.5.3.3 DDGS (Dry distillers grains with solubles) 

 

 10  12 

 DDGS 

   DDGS 

 

   DDGS 

 (Separation)  

 (Evaporation) 

 (Drying)  (Cooling) 

  DDGS  

DDGS  10   

DDGS   25  

2.5.3.4  (Yeast) 

 (Saccharomyces cerevisiae) 

  40 

 34   4   

 

 (Yeast extract)  (Yeast cell wall) 

  

 

 1,3  1,6  
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2.5.3.5  (Biogas) 

  

 

  

 (Methane; CH4)  50-70  (CO2) 

 30-50     (H2)  (O2) 

 (H2S)  (N2)   

35,800  /  (kJ/m3)  65 

 22,400  /   

    

 (Steam boiler) 

  1   0.55  

 Boiler  

 2       

  (Volatile acids) 

 (Acid-producing bacteria)  

  (Methane-producing bacteria) 

  

(Anaerobic treatment technology)  3  

  (Suspended growth)  

(Supported growth)  (Hybrid)  Upflow Anaerobic Sludge Blanket (UASB), 

Anaerobic Lagoons (AL)  Upflow Sludge Blanket/Fixed Bed Reactor (USB/FBR) 

2.5.3.6  

 

   (K)  

 (N)  (P)  
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 (Evaporator) 

  10-15 

 30    

    

 

 

 2.5.4   

3  

2.5.4.1   

 

  

   

 2.5.4.2  

  

 MTBE (Methyl Tertiary Butyl Ether)  

  

  

 1 : 9 

 E10  

    

 2.5.4.3   

 

 Transesterification   

     

  

Triglycerides  (Mono Alkyl Ester)   



40 

 

 

2.6 (Tagushi Method)  
 

 

Matrix  2 

 (Screening Experiments)  (Orthogonal Array) 

2  3  (The two-level 

factorial (2n) or three-level factorial (3n) experiment)  

 
 
2.7  

 

 2.7.1  

Cazetta 2007

Zymomonas mobilis 25, 30, 35 37 

30 55.8  

1989 200 

S. diastaticus NO.62 0.35, 

1.00, 2.00 3.50 40 48 

70, 78, 82 80  
Kannan 1998

Zymomonas mobilis LS1A B-806 

intracellular cucrase (Sac A)  levansucrase (Sac B) 

73.5 18 

65.2  

Kiransree 2000

14 w/v S. cerevisiae 2 S. cerevisiae SV1 S. 

cerevisiae SV3 40 48 30 
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45  150 

52 64  
Limtong 2007  

Kluyveromyces marxianus 

(NH4)2SO4

 KH2PO4 MgSO4 7H2O

200 DMKU3-1042 

Sucrose 22% 

 0.05  ( ) (NH4)2SO4, 0.05  ( ) KH2PO4 0.15 

( ) MgSO4 7H2O 5.0 37 

  8.7  ( )

 77.5  40  

5.5 

6.78  ( ) 60.4 

 

Pakvirun Truesombat 2007

Helianthus tuberosus L. Saccharomyces cerevisiae

Total Sugar 256.3 74 

2,431.5 2,491.8 

Sulfuric acid 80 45 

88.1 1.84 

88  
 

 2.7.2  

 2547

2 

15 NCU  
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(122.5 PG) 1 28 

4.5 1  8.36 LU  

1 100 5.5 2  

0.23 GAU  1

60 4.5 4  

122.4 144 

89.2 

Saccharomyces cerevisiae TISTR 5596 4.5 

0.03 36.2 

24 91   

Ramasamy Amutha 2001

Saccharomyces diastaticus  

Zymomonas mobilis Saccharomyces diastaticus

Saccharomyces diastaticus  Zymomonas mobilis

 Saccharomyces diastaticus 46.7 37.5 

Continuous Fermentation

Saccharomyces diastaticus  Zymomonas mobilis 15 

8.9  

Sree 1999

Saccharomyces cerevisiae (VS3) 

Bacillus sp. (VB9) SSF 

5 100 3.5 100 

37 42  
 
2.7.3  

Abedinifara 2009  

Mucor indicus Rhizopus oryzae 10 

295-833 20-48 

Pretreatment  900 5 
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6 20 Reactor  

3 1.5 MPa 10 

0.2 MPa 3 

4  Hydrolysis  

15 FPU 

cellulase 50 IU -glucosidase 

0.05 M M. indicus , R. 

oryzae  Saccharomyces cerevisiae Hydrolysis

45  5.0 48 20 

20 

Hydrolysis  30  

0.718 

M. indicus  Saccharomyces cerevisiae 1 R. 

oryzae 
Gaspar 2007  Corn 

fiber  10  (Corn fiber) 

- 1,4 Amylase) 0.5  enzyme solution/ 

120   4.8 1

- 1,4 Amylase) Stir

90  1  100 

µm) mesh 3  Destarched 

Corn Fiber, DCF  Alkaline solution

1 2 bar) 120  

10   

(Hemicelluloses) PCF (Destarched Corn Fiber) Centrifuge  

PCF Saccharomyces cerevisiae 

5  PCF 2.5 , peptone 5 

, KH2PO4 1 , MgSO4 0.3 , NH4Cl 2 37 

  4.8 48 24 
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1 2  KOH 

12.5 11.6 96.9 89.9   

48 

  

Kadar 2004

S. cerevisiae K. marxianus 

Y01070 40 72 

17.8 16.6 

14.1 14.2  
Keikhosro 2006  

Mucor indicus, Rhizopus oryzae Saccharomyces cerevisiae 

27(±0.5) ,

39(±1) , 12(±0.5)  11(±0.5)  

833 20 600 

0.5%  4 20 

Reactor  15  (bar) 

10 2  

5 50  

4  7 

M. indicus,

R. oryzae S. cerevisiae M. indicus R. oryzae

S. cerevisiae  

Zhu 2005  

Microwave  

11.2 ± 0.2  41.2 ± 0.5  21.3 ± 0.4  

25.8 ± 0.5 1-2 

2 1 alkali 

60 20  1  

NaOH) 160 
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65  2 10-20 

SSF  73.5 ± 0.7

 11.2 ± 0.5  2 

1   160 

500 Microwave 

oven  700 watt 25 

65  2 10-20 

SSF  79.6 ± 0.6

 7.8 ± 0.5

1 2  100  

40 1 15 

[cellulase]/g[substrate] 5.3 72 

34.3  69.3 

2 20 [cellulase]/g[substrate] 5.3 

96 31.1  

64.8  

 

 (2553) 

43.75  18.87  24.69 

Pretreatment  

 Steam explosion   Water extraction   Alkali extraction  

Saccharomyces cerevisiae Sc90

Substrate 

loading  5, 7.5 10  (w/v) 20 10 

5.0 0.05 M 121 

ºC 15 cellulose 15 FPU/g substrate  Novozym 15 FPU/g substrate 

1.5 10  150 
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substrate loadind 10  (w/v) 35  Saccharomyces 

cerevisiae Sc90 28.47 ethanol yield 0.403 

79.01  

 2551  

6 

2 1 

2 24-36 

Hot Air Oven  40 

2 2 

(Hot air oven) 

40  2 

2 

2 

1 3

- 1,4 Amylase) 0.04 1 

35  

Saccharomyces cerevisiae 0.2 1 

35  7-10 

3.48-4.89  25-35 

7.4  

 (2551) 

1 

  121  15 

9:1 

25 0.154 

Z. mobilis 
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0.141  34 

0.198  

42  

0.186 22  

0.221  

32  

 2550  Paper Mulberry  

10  24 

80  3

0.04 M 

5 24 

microcrystalline cellulose  Penicillium sp. 

Candida krusein NBRC1664 

0.0328  (0.0109 g/g) 0.0298  (0.0099g/g) 

microcrystalline cellulose T. reesei QM9414 

C. krusei NBRC1664 1.3766  (0.4588g/g)

1.6282  (0.5427g/g) microcrystalline cellulose

T. reesei QM9414

Penicillium sp  microcrystalline cellulose

microcrystalline cellulose  

 2551

Sulfuric acid 0.75 

Reducing sugar 2.106 

0.18 7 30  



48 

3 

 

 
 

3.1  

 

3.1.1  

3.1.1.1  

-
81%  -5  

 

 
 

-   

 

3.1.1.2  

-2 
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-2  
 

3.1.2  

3.1.2.1 Loog-Pang Kao Mhark   

5 3-3 

Amylomyces sp. Aspergillus 
sp. Rhizopus sp. Mucor sp.

Saccharomycosis sp. Saccharomyces sp. Pichia sp.   

 

 
 

3-3  
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3.1.2.2 Saccharomyces cerevisiae  

5 3-4 

 

 
 

3-4  
 

3.1.3  

3.1.3.1  

3.1.3.2 (Commercial Grade) 95%  Sigma-

Aldrich 

3.1.3.3 (Laboratory Grade)  Ajex Finechem 

3.1.3.4  (Laboratory Grade)  Fisher Scientific 

3.1.3.5  (Laboratory Grade)  Merck 

3.1.3.6  (Laboratory Grade)  Merck 

3.1.3.7 (Laboratory Grade)  Merck 

3.1.3.8 )  R&M 

Chemicals 

3.1.3.9  (Laboratory Grade)  R&M 

Chemicals 
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3.2  

 

3.2.1  

3.2.1.1 Blender : Moulinex Moulinette S 

 

3.2.1.2 Oil Bath with Shaker : Memmert

WNB 45 

 

3.2.1.3 (Rotary Vacuum Evaporator): Buchi

Rotavapor  V-700  

3.2.1.4  

3.2.1.5  (Centrifuge) 

 

3.2.1.6 Bioreactor 2.5  

3.2.1.7  
 

3.  

3.2.2.  (Micropipette) 10-100  100-1000 : 

Labmate  

3.2.2.2 UV-Vis Spectrophotometer Microtiter 

200-999 1  

3.2.2.3 Gas chromatography, GC

 GC 

 

mobile phase) (stationary phase) 
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3.3  

 

  
3-5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pretreatment) 

 

 

Thermal-Physic Hydrolysis) 

 

 

Biological Hydrolysis) 
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3.4 3    

 

3.4.1 Pretreatment  

Moulinex 1 3-6  
 

 
 

3-6  

 

3.4.2 Thermal-Physic Hydrolysis  

60 250 

Oil Bath with Shaker

3-7

30 40 50 75 85 

10 20 30  
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3-7  

Oil Bath with Shaker  

 

3.4.3 Fermentation  

Hydrolysate

5 5)

Nitrogen gas Air-lock

3-8 5 

27-29 

 (Centrifuge)

5000 5  

Gas 

chromatography, GC  

 

 
 

-8 Air-locked Flask  
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3.5 

3   

 

 3.5.1 Pretreatment   

 3.5.1.1 

Thermal-Physic Hydrolysis  

 

Moulinex 1 

3-9 60 250 40 

Oil Bath with Shaker   85 60 

5 

5)

Nitrogen gas Air-locked 5 

27-29 

 (Centrifuge) 5000 

5 

GC

5:1 5:2 5:3 5:4 

  

  
 

-9  
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 3.5.1.2 

Biological Hydrolysis  

 

 5 

80-90 60 

250 Saccharomyces 
cerevisiae 5 5)

Nitrogen gas Air-locked

5 27-29 

 (Centrifuge)

5000 5 

GC

5:1 5:2 5:3 5:4 
 
 3.5.2 Hydrolysis  2  

 3.5.2.1 Thermal-Physic Hydrolysis  

 3.5.1.1 3.5.1.2 

60 250 

20 30 40 

Oil Bath with Shaker  

5000 5 

Reducing sugar

UV-Vis Spectrophotometer 20 30 40 

15 30 45 60 75 80 85 90 

 

 3.5.2.2 Biological Hydrolysis  

 3.5.1.1 3.5.1.2 
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80-90 3-10

5000 

5 Reducing sugar

UV-Vis Spectrophotometer 1-10  

 

  
 

3-10  
 

 3.5.3 (Fermnetation) 2  

 3.5.3.1  

 Hydrolysate

3.5.2.1 Loog-Pang 

Kao Mhark 5) Nitrogen gas

Air-lock

1-10 1-

10 27-29 

 

(Centrifuge) 5000 5 

GC  

 3.5.3.2  

 
Hydrolysate 3.5.2.1 3.5.2.2 

Saccharomyces cerevisiae
5) Nitrogen gas Air-lock

1-10 
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1-10 27-29 

0  5 

 

(Centrifuge) 5000 5 

GC  

 

3.6 Tagushi Method  

 

 (Screening Experiments) 

 (Orthogonal Array) 2  (The two-level 

factorial (2n) experiment) 3 

t W

T 2 3-1, 3-2 3-3 

4 

  

 

3-1 

 

 

Factor Level 1 Level 2 

t (days) 9 10 

W (%wt) 3 4 

T (°C) room temp. 30 
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3-2  

 

 

Factor Level 1 Level 2 

t (days) 4 5 

W (%wt) 4 5 

T (°C) room temp. 30 

 

3-3  

 

 

Factor Level 1 Level 2 

t (days) 3 4 

W (%wt) 4 5 

T (°C) room temp. 30 
 

Matrix

3-4 

 

3-4 Orthogonal Array L4 (23) Taguchi method 

 

 

Exp. No. t W T 

1 1 1 1 

2 1 2 2 

3 2 1 2 

4 2 2 1 
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3.7 Bioreactor) 

2.5  
  

2  

 

3.7.1 

Thermal-Physic Hydrolysis   

3.7.1.1 Pretreatment Hydrolysis  

5:3 600 400 

85 45 

Oil Bath with Shaker  

3.7.1.2 Fermentation 2  

(1) Loog-Pang Kao Mhark  

Hydrolysate

2.5  3-11  (Loog-Pang KaoMhark)  3 

 5 

10 30 

4.5-6.0 

 (Centrifuge) 5000 5 

GC  
 

 
 

- 1 Bioreactor  
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(2) Baker s Yeast  

Hydrolysate

2.5  4 

5 5 30 

4.5-6.0

 (Centrifuge) 5000 

5 

GC  
 

3.7.2 Biological 

Hydrolysis    

3.7.2.1 Pretreatment Hydrolysis  

5:3 

80-90

4  

3.7.2.2 Fermentation  

600 2.5 

5 

5 3 30 

4.5-6.0 

 (Centrifuge)

5000 5 

GC  

 

3.8 Rotary 

Vacuum Evaporator  

 

Bioreactor

Physical Hydrolysis
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Biological Hydrolysis

Rotary Vacuum Evaporator 3-12 

65 70 75 5 10 

15 550 mmHg

GC  
 

 
 

- 2 Rotary Vacuum Evaporator  
 

3.9  

 

3.9.1  (Reducing Sugar) 

 

3.9.1.1 

 (Centrifuge) 

5000 5 

3-13 
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3-13  

 
3.9.1.2 , -Dinitro

salicylic acid DNS) 1:1 80 

30 

Reducing Sugar  UV-VIS Spectrophotometer 575 

3-14 

 

 
 

3-14  UV-VIS Spectrophotometer 
 

3.9.2  

 

3.9.2.1 

 (Centrifuge)  

5000 5  
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3.9.2.2 

GC 3-15 

 

 
 

-15 Gas chromatography, GC  
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4.1  

AOAC 4-1 

2.19 11.46 

 16.20 36.42 1.40 4.32 

 
 

4-1  
 

    

( ) 

 

( ) 

 AOAC 4.69  3.49 
 AOAC 0.48  0.34  

 AOAC 75.57  53.80  
 AOAC 1.66  1.63  

 AOAC 1.40  4.32  
 

Total Carbohydrate  
Calculation 16.20 36.42  

 Miller, 1959 2.19 11.46 

 Calculation 27.55 kcal 70.91 kcal  
 

2

Sugar

Carbohydrate  Fiber
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2 Carbohydrate

2545  

 

4.2  

 

 
30 40 50 

75 10 20 30 

5 5 4-2  

 

4-2 75 

10, 20 30 5 

5  

 

 

 

 
 

( ) 
 

 

 
1 30 10 0.10006 

2  20 0.14935 

3  30 0.26506 

4 40 10 0.09412 

5  20 0.12707 

6  30 0.21267 

7 50 10 0.09023 

8  20 0.11955 

9  30 0.18854 
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75 

85 4-3  
 

4-3 85 

10, 20 30 5 

5  

 

 

 

 
  

( ) 
 

 

 
1 30 10 0.14221 

2  20 0.14970 

3  30 0.25325 

4 40 10 0.09022 

5  20 0.15147 

6  30 0.25710 

7 50 10 0.09550 

8  20 0.17774 

9  30 0.13969 

 

 85 

90 

15 25 10 

5 5 

4-4  
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4-4 90 

15 25 0 10 

5 0, 10, 20 30 

5  

 

 

 

  
 

( ) 
 

( ) 

  

(  

 

 

     

     

     

     

     

     

     

     

     

     

    0 
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4.3  

 

 4.3.1  

 Sugar

Carbohydrate Fiber

3 

4.5-6.5 

2  

 4.3.1.1 

 

 
4-1 

5:3

:4 
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0.00

1.00

2.00

3.00

4.00

0 1 2 3 4 5 6 7 8 9 10

%v
)

( )

5:1
5:2
5:3
5:4

 
 

4-1 

:1 :2 :3 : 85 60 

5 3, 5, 7 9  
 

 4.3.1.2 

 

 4-2 

5:3  
 2

:4 

5:3 5:3
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0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

0 1 2 3 4 5 6 7 8 9 10 11

%v

 
 

4-2 

:1 :2 :3 : 5  

5 3, 4, 5, 6 10  
 

 4.3.2 Hydrolysis  

 

5:3 2  
 4.3.2.1 Thermal-Physic Hydrolysis

2  

 (1)  
 4-3 

Reducing sugar

6.01 80 

45   
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2.00

3.00

4.00

5.00

6.00

0 15 30 45 60 75

(g/
l)

( )

75 C
80 C
85 C
90 C

 
 

4-3 75, 80, 85 90  

15, 30, 45 60  
 

 (2)  

 20-40 

80 15, 30, 45 60 

UV-VIS Spectrophotometer 4-4 

40 

6.05 

40 

40  
 Arasaratnam (1993) 
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0.00

2.00

4.00

6.00

8.00

0 15 30 45 60 75

g/l

 
 

4-4 20, 30 40  

80 15, 30, 45 60  

 

 4.3.2.2 Biological 

Hydrolysis  

 5:3 

UV-VIS Spectrophotometer 4-5 

 

3 

85
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0.00

2.00

4.00

6.00

8.00

0 1 2 3 4 5 6 7 8 9 10 11

g/l

 
 

4-5 1-10  

 

1-9 1-9 

5 4-6 

3 

3 
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0.00

2.00

4.00

6.00

8.00

10.00

0 1 2 3 4 5 6 7 8 9 10

(%
v)

 
 

4-6 1, 3, 5, 7, 9  

1, 3, 5, 7, 9 5  
 

 4.3.3 Fermentation   

 4.3.3.1  

 5:3 

40 80 45 

2  

 1) Loog-Pang Kao Mhark  

 
1-10 

1-10 

GC  4-7 

3-7 

9-10 
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9-10 

3 

9  3.96  

 Dumrongmanee (2001)  

8 31 

9.32 

 
 

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00

0 1 2 3 4 5 6 7 8 9 10 11

(%
v)

 
 

4-7 80 

45 1, 3, 4, 5, 7, 9 10 1-10  
 

 2) Baker's Yeast  

 
1-10 

1-10 
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GC  4-8 

1-5 5 

5 

5  

 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 1 2 3 4 5 6 7 8 9 10 11

%v

 
 

4-8 80 

45 1, 3, 4, 5, 7, 9 10 1-10  

 

 4.3.3.2  

 
0  5 

4-9 5 
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5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00

0 1 2 3 4 5 6 7 8 9 10 11

%v
)

5:3 (no add water)
5:3 (add 5 ml water)

 
 

4-9 3  

5 5  

 3, 4, 5, 6 10  

 

1-10 1-10 

GC  

4-10 
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5 3  
 

2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

10.00

0 1 2 3 4 5 6 7 8 9 10 11

%v

 
 

4-10 3  

1, 3, 4, 5, 7, 9 10 1-10  

 

4.4 Taguchi method) 

 

3 

23 3

(t), (W) T 2

4   
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4.4.1  

4.4.1.1 Loog-Pang Kao Mhark  

4-5  

 t  =   ( : 1 = 9 2 = 10 ) 

W  =   ( : 1 = 3%wt, 2 = 4%wt) 

T  =   ( : 1 = 2 = 30 ºC) 

 

4-5 Orthogonal Array L4 (23)

 

 

 
t  

(9, 10 ) 

W  

(3, 4%wt) 

T  

(room temp., 30 ºC) 

 

( ) 

1 1 1 1 3.6031 

2 1 2 2 3.6998 

3 2 1 2 4.1481 

4 2 2 1 3.8127 

 

3 5 30 10

4.15 

 4-6 2 

3 
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4-6   
 

 
7079.3

2
41

1 =
+

=
yy

txW  8756.3
2

31
1 =

+
=

yy
txT  6515.3

2
21

1 =
+

=
yy

WxT  

9240.3
2

32
2 =

+
=

yy
txW  7563.3

2
42

2 =
+

=
yy

txT  9804.3
2

43
2 =

+
=

yy
WxT  

3290.09804.36515.321 =-=-= ttt  

1194.07563.38756.321 =-=-= WWW  

 2161.09240.37079.321 =-=-= TTT  

3290.09804.36515.321 =-=-= txWtxWtxW  

1193.07563.38756.321 =-=-= txTtxTtxT  

3289.09804.36515.321 =-=-= WxTWxTWxT  

 

No. t W T 

t 

x 

W 

t 

x 

T 

W 

x 

T 

Response 
6515.3

2
21

1 =
+

=
yy

t  

9804.3
2

43
2 =

+
=

yy
t  

1 1 1 1 1 1 1 y1=3.6031 8756.3
2

31
1 =

+
=

yy
W  

2 1 2 2 2 2 1 y2=3.6998 7563.3
2

42
2 =

+
=

yy
W  

3 2 1 2 2 1 2 y3=4.1481 7079.3
2

41
1 =

+
=

yy
T  

4 2 2 1 1 2 2 y4=3.8127 9240.3
2

32
2 =

+
=

yy
T  
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(t) 

W

T

(t) W

t W

(W) T

 T

W

 

3 

30 

10 4.15  
 
4.4.1.2  Saccharomyces cerevisiae  

4-7  

 t  =   ( : 1 = 4 2 = 5 ) 

W  = : 1 = 4%wt, 2 = 5%wt  
T  =  : 1 = room temp., 2 = 30 ºC  
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4-7 Orthogonal Array L4 (23)

 

 

 
t 

 (4, 5 ) 

W  

(4, 5 %wt) 

T  

(room temp., 30 ºC) 

 

( ) 

1 1 1 1 5.2748 

2 1 2 2 5.3079 

3 2 1 2 5.5787 

4 2 2 1 5.3115 

 

4 5 30 5 

5.58 

 4-8 

  

 

4-8   

 

 

No. t W T 

t 

x 

W 

t 

x 

T 

W 

x 

T 

Response 
2914.5

2
21

1 =
+

=
yy

t  

4451.5
2

43
2 =

+
=

yy
t  

1 1 1 1 1 1 1 y1=5.2748 4268.5
2

31
1 =

+
=

yy
W  

2 1 2 2 2 2 1 y2=5.3079 3097.5
2

42
2 =

+
=

yy
W  

3 2 1 2 2 1 2 y3=5.5787 2932.5
2

41
1 =

+
=

yy
T  

4 2 2 1 1 2 2 y4=5.3115 4433.5
2

32
2 =

+
=

yy
T  
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2932.5
2

41
1 =

+
=

yy
txW  4268.5

2
31

1 =
+

=
yy

txT  2914.5
2

21
1 =

+
=

yy
WxT  

4433.5
2

32
2 =

+
=

yy
txW  3097.5

2
42

2 =
+

=
yy

txT  4451.5
2

43
2 =

+
=

yy
WxT  

1537.04451.52914.521 =-=-= ttt  

1171.03097.54268.521 =-=-= WWW  

 1501.04433.52932.521 =-=-= TTT  

1501.04433.52932.521 =-=-= txWtxWtxW  

1171.03097.54268.521 =-=-= txTtxTtxT  

1537.04451.52914.521 =-=-= WxTWxTWxT  

 

(t) 

W T

T

W  

5 

4 

30 5.58   
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4.4.2   

4-9  

t  =   ( : 1 = 3 2 = 4 ) 

W  = : 1 = 4%wt, 2 = 5%wt  
T  =  : 1 = room temp., 2 = 30 ºC  

4-9 Orthogonal Array L4 (23)

  

 

 
t 

 (3, 4 ) 

W 

(4, 5 %wt) 

T  

(room temp., 30 ºC) 

 

( ) 

1 1 1 1 8.7162 

2 1 2 2 8.7052 

3 2 1 2 9.0504 

4 2 2 1 8.7692 

 

4 5 30 4 

9.05 

 4-10 
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4-10   

 

 

 

7427.8
2

41
1 =

+
=

yy
txW  8833.8

2
31

1 =
+

=
yy

txT  7107.8
2

21
1 =

+
=

yy
WxT  

8778.8
2

32
2 =

+
=

yy
txW  7372.8

2
42

2 =
+

=
yy

txT  9098.8
2

43
2 =

+
=

yy
WxT  

1991.09098.87107.821 =-=-= ttt  

1461.07372.88833.821 =-=-= WWW  

 1351.08778.87427.821 =-=-= TTT  

1351.08778.87427.821 =-=-= txWtxWtxW  

1461.07372.88833.821 =-=-= txTtxTtxT  

1991.09098.87107.821 =-=-= WxTWxTWxT  

No. t W T 

t 

x 

W 

t 

x 

T 

W 

x 

T 

Response 
7107.8

2
21

1 =
+

=
yy

t  

9098.8
2

43
2 =

+
=

yy
t  

1 1 1 1 1 1 1 y1=8.7162 8833.8
2

31
1 =

+
=

yy
W  

2 1 2 2 2 2 1 y2=8.7052 7372.8
2

42
2 =

+
=

yy
W  

3 2 1 2 2 1 2 y3=9.0504 7427.8
2

41
1 =

+
=

yy
T  

4 2 2 1 1 2 2 y4=8.7692 8778.8
2

32
2 =

+
=

yy
T  
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(t) 

W T

T

W (W) 

 

30 

4 4 

9.05   

 

4.5 Bioreactor  

 

Tagushi 

method 3 Bioreactor 2.5  

4-11 

250 

2 

Rotary Vacuum 

Evaporator  
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4-11 2.5  
 

  ( ) 

 

(1)  

(2)   

 

4.3181 

 

5.7759 

 

(1)  

 

9.5012 

 

4.6  
 

2 

Bioreactor 2.5 

2  

 
4.6.1 

2.5  

65-75 5-10 550 

4-11 
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Purity: 5.76  

Yield:  64.15 

Purity: 9.50  

Yield:  82.80 

 

Purity: 95.89  

Yield:  5.48 

Purity: 96.70  

Yield:  15.60 
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 (2) Hydrolysis  
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80  90 
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 (3) Fermentation  
 

 3 
- 5 9 
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5.57  
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1. Reducing Sugars  Modified Dinitrosalicylic 
Acid (Miller, 1959)  
 

1.1  Dinitrosalicylic Acid 
 Dinitrosalicylic Acid  

3,5-Dinitrosalicylic Acid  1%  w/v 
Phenol    0.2% w/v 
Sodium sulfite   0.05% w/v 
Sodium hydroxide   1% w/v 
Sodium potassium tartrate  % w/v  

 
2.5 200 

Dinitrosalicylic Acid 2.5 0.5 0.125 
2.5 50 Magnetic 
Stirrer 2 0  
 

1.2  
 (Micropipette) 2-20  20-200  

2 Dinitrosalicylic Acid   
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2.

 
 

2.1  
Stock 10 100

1 100   
0.05, 0.10, 0.50, 1.00, 

2.00, 5.00 10.00  10  Stock 
10 10  

 
2.2  

 2 
 

Dinitrosalicylic Acid 2
 80 30  

3
575  UV-VIS 

Spectrophotometer  
-1  
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-1  

 
 

 
3.1  

 2  
Dinitrosalicylic Acid 2 

 

80 30  

575  UV-
VIS Spectrophotometer

-1  
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4.  
 

(Gas chromatography, GC)  
 

4  
(1) (Gas chromatography, GC)  
(2) 99.9  

 
4.2  

1, 5, 10, 20 95 
( ) 10  99.9 

 0.1, 0.5, 1.0, 2.0  9.5 10 
 
 

4 3
 

- Peak  
-2  

 
- GC  

 
 Condition 
Inlet temperature 270 C 
Carrier gas He ,flow 1.0 ml/min, Splitless mode 1.0 min  
Oven temperature  Initial temperature 50 C held  for 6 min 
Column HP-Innowax, length 30 m, internal diameter 0.32 

mm and film thickness 0.25 mm 
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-2  
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5. phosphate buffer Gomori (1955 
Perrin and Dempsey, 1974) 

A B -2
1  

A : 0.05 M dibasic sodium phosphate (Na2HPO4.2H2O 7.80 1 ) 
 B : 0.05 M monobasic sodium phosphate (NaH2PO4.2H2O 8.90 1 

  ) 
 

-2  
 

 A  B  
5.8 4.00 46.00 
6.0 6.15 43.85 
6.2 9.25 40.75 
6.4 13.25 36.75 
6.6 18.75 31.25 
6.8 24.50 25.50 
7.0 30.50 19.50 
7.2 36.00 14.00 
7.4 40.50 9.50 
7.6 43.50 6.50 
7.8 45.75 4.25 
8.0 47.35 2.65 
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6. Sodium acetate buffer Stoll and Blanchard, 
1990  

A : 0.2 M acetic acid 11.55 1000  
B : 0.2 M sodium acetate C2H3O2Na 16.4 

  1000 C2H3O2.3H2O 27.2 
  100  

A B -3 100 
 

 
-3  

 
 A  B  

3.6 46.3 3.7 
3.8 44.0 6.0 
4.0 41.0 9.0 
4.2 36.8 13.2 
4.4 30.5 19.5 
4.6 25.5 24.5 
4.8 20.0 30.0 
5.0 14.8 35.2 
5.2 10.5 39.5 
5.4 8.8 41.2 
5.6 4.8 45.2 
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-
75 85 

5 5  

 
 

 

 Ethanol (%v/v) 

 ºC   1 2 ave. 

1 30 75 10 0.10088 0.09957 2.65006 
2   20 0.14961 0.14909 0.14935 
3   30 0.26461 0.26540 2.65006 
4 40 75 10 0.09137 0.09686 0.09412 
5   20 0.11103 0.14312 0.12707 
6   30 0.21069 0.21465 0.21267 
7 50 75 10 0.09957 0.10088 0.10023 
8   20 0.12809 0.11101 0.11955 
9   30 0.27084 0.26625 0.26854 
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-
75 85 

5 5  
 

 

 

 Ethanol (%v/v) 

 ºC   1 2 ave. 

10 30 85 10 0.14564 0.13877 0.14221 
11   20 0.14909 0.15031 0.14970 
12   30 0.25254 0.25396 0.25325 
13 40 85 10 0.09087 0.08957 0.09022 
14   20 0.16206 0.14897 0.15147 
15   30 0.25892 0.25528 0.25710 
16 50 85 10 0.10809 0.09101 0.09550 
17   20 0.17411 0.18138 0.17774 
18   30 0.13909 0.14030 0.13969 
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-2
85 60 5 

5  
 

 

 

     

(  

Ethanol (%v/v) 
 :  1 2 ave. 

1 

5:1 

3 0.5432 0.5271 0.5352 
2 5 0.8724 0.8821 0.8773 
3 7 1.1834 1.2071 1.1953 
4 9 1.371 1.3582 1.3646 
5 

5:2 

3 1.5828 1.6041 1.5935 
6 5 1.8641 1.8362 1.8502 
7 7 2.003 1.9752 1.9891 
8 9 2.4532 2.3964 2.4248 
9 

5:3 

3 1.9861 2.0030 1.9946 
10 5 2.2736 2.3514 2.3125 
11 7 2.8524 2.8962 2.8743 
12 9 3.1662 3.1417 3.1540 
13 

5:4 

3 1.9869 1.9742 1.9806 
14 5 2.4127 2.3971 2.4049 
15 7 2.9532 2.8751 2.9142 
16 9 3.2171 3.1962 3.2067 
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-3
5:3  

 

 

 

 
 

Reducing Sugar 

(g/l)  
(°c) 

 
(  

1 

75 

15 0.8281 3.5110 
2 30 0.9032 3.8293 
3 45 0.9693 4.1099 
4 60 1.0812 4.5842 
5 

80 

15 1.0095 4.2801 
6 30 1.1272 4.7794 
7 45 1.3951 5.9152 
8 60 1.3963 5.9201 
9 

85 

15 0.9970 4.2272 
10 30 1.1546 4.8954 
11 45 1.3855 5.8742 
12 60 1.3926 5.9043 
13 

90 

15 1.0453 4.4320 
14 30 1.1682 4.9532 
15 45 1.3668 5.7953 
16 60 1.4148 5.9985 
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-4 80 
5:3  

 

 

 

  
575 

 

Reducing Sugar 

(g/l)  
(  

 
(  

1 15 

20 

0.7814 3.3130 
2 30 1.0426 4.4207 
3 45 1.2214 5.1788 
4 60 1.2390 5.2534 
5 15 

30 

0.9190 3.8965 
6 30 1.0534 4.4665 
7 45 1.3076 5.5442 
8 60 1.3391 5.6778 
9 15 

40 

1.0095 4.2801 
10 30 1.1272 4.7794 
11 45 1.3951 5.9152 
12 60 1.4108 5.9201 
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-5 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

1 

1% 

1 0.4669 0.4671 0.4670 
2 3 0.8052 0.7495 0.7773 
3 5 0.8647 0.8990 0.8818 
4 7 0.8587 0.8465 0.8526 
5 9 0.8934 0.8823 0.8878 
6 10 0.9574 0.9413 0.9494 
7 

3% 

1 0.4755 0.4871 0.4813 
8 3 0.8856 0.8812 0.8834 
9 5 1.2590 1.0652 1.1621 

10 7 2.5895 2.6052 2.5973 
11 9 3.8898 3.8904 3.8901 
12 10 3.9056 3.8902 3.8979 
13 

4% 

1 0.4801 0.4751 0.4776 
14 3 0.9427 0.9381 0.9404 
15 5 1.9864 1.9795 1.9830 
16 7 2.9864 2.9795 2.9830 
17 9 3.7743 3.7265 3.7504 
18 10 3.8056 3.7962 3.8009 
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-5 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

19 

5% 

1 0.52445 0.52210 0.52327 
20 3 1.9861 2.0030 1.9946 
21 5 2.2736 2.3514 2.3125 
22 7 2.8524 2.8962 2.8743 
23 9 3.8662 3.8417 3.8540 
24 10 3.84572 3.79525 3.82049 
25 

6% 

1 0.64310 0.64930 0.64620 
26 3 0.98643 0.96432 0.97538 
27 5 2.97557 2.45932 2.71745 
28 7 3.05217 3.23579 3.14398 
29 9 3.58543 3.54780 3.56662 
30 10 3.49643 3.51340 3.50492 
31 

7% 

1 0.54969 0.54481 0.54725 
32 3 0.80673 0.81684 0.81178 
33 5 1.03604 0.96051 0.99828 
34 7 2.42516 2.46767 2.44642 
35 9 3.22380 3.00959 3.11670 
36 10 3.19287 3.0872 3.14004 
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-5 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

37 

8% 

1 0.45220 0.47310 0.46265 
38 3 1.26860 1.28410 1.27635 
39 5 2.67452 2.74113 2.70783 
40 7 3.27413 3.30284 3.28849 
41 9 2.76466 2.72839 2.74653 
42 10 2.53655 2.48312 2.50984 
43 

9% 

1 0.55694 0.56928 0.56311 
44 3 0.89329 0.86175 0.87752 
45 5 1.15118 1.08945 1.12032 
46 7 2.47047 2.50737 2.48892 
47 9 2.98266 2.99827 2.99047 
48 10 3.02760 2.97260 3.00010 
49 

10% 

1 0.54380 0.55840 0.55110 
50 3 0.79640 0.80510 0.80075 
51 5 1.37054 1.40520 1.38787 
52 7 2.30800 2.59820 2.45310 
53 9 2.86253 2.82762 2.84507 
54 10 2.96260 2.88596 2.92428 
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-6 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

1 

1% 

1 1.9453 1.9788 1.9621 
2 3 2.0321 1.9742 2.0032 
3 5 1.9330 1.8917 1.9123 
4 7 1.9518 1.9428 1.9473 
5 9 1.7755 1.8736 1.8245 
6 10 1.8027 1.8120 1.8074 
7 

3% 

1 2.2192 2.2243 2.2217 
8 3 3.2748 3.2821 3.2784 
9 5 3.6915 3.6443 3.6679 

10 7 4.3026 4.2927 4.2976 
11 9 4.2631 4.2513 4.2572 
12 10 4.2572 4.2451 4.25115 
13 

4% 

1 2.2876 2.2832 2.2854 
14 3 3.6748 3.6821 3.6784 
15 5 5.0892 5.1033 5.0962 
16 7 4.8923 4.9014 4.8969 
17 9 4.7582 4.7540 4.7561 
18 10 4.6952 4.6862 4.6907 
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-6 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

19 

5% 

1 2.3052 2.3217 2.3134 
20 3 3.8143 3.8372 3.8258 
21 5 5.1174 5.1095 5.1135 
22 7 5.0137 5.0158 5.0148 
23 9 4.8525 4.8662 4.8594 
24 10 4.8042 4.8241 4.8142 
25 

6% 

1 2.3862 2.3874 2.3868 
26 3 4.0183 3.9946 4.0065 
27 5 4.9977 4.9674 4.9826 
28 7 4.7909 4.8217 4.8063 
29 9 4.7307 4.6600 4.6953 
30 10 4.6025 4.5921 4.5973 
31 

7% 

1 2.5642 2.5953 2.5798 
32 3 4.6942 4.7003 4.6973 
33 5 4.6564 4.6743 4.6654 
34 7 4.6411 4.6523 4.6467 
35 9 4.6017 4.6143 4.6080 
36 10 4.55920 4.54280 4.55100 
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-6 5:3 

 
 

 

 

 
 

(  

 

(  

Ethanol (%v/v) 

1 2 ave. 

37 

8% 

1 2.7096 2.7153 2.7125 
38 3 4.7053 4.7187 4.7120 
39 5 4.6802 4.6455 4.6629 
40 7 4.6754 4.5707 4.6231 
41 9 4.4298 4.5714 4.5006 
42 10 4.5025 4.4892 4.49585 
43 

9% 

1 2.7642 2.8053 2.7848 
44 3 4.6605 4.6543 4.6574 
45 5 4.6155 4.6233 4.6194 
46 7 4.5002 4.5392 4.5197 
47 9 4.2502 4.2976 4.2739 
48 10 4.2391 4.2351 4.2371 
49 

10% 

1 2.8964 2.9031 2.8998 
50 3 4.5854 3.4943 4.0399 
51 5 4.3136 4.2919 4.3027 
52 7 4.3531 4.3907 4.3719 
53 9 4.2317 4.2143 4.2230 
54 10 4.2035 4.2172 4.21035 
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-7
5 5 

5  

 

 

 
    
 :  

 

(  

Ethanol (%v/v) 

1 2 ave. 

1 

5:1 

3 0.7760 0.8315 0.8038 
2 4 0.8963 0.9026 0.8995 
3 5 1.2639 1.265 1.2644 
4 6 1.5448 1.5628 1.5538 
5 10 1.9957 1.9506 1.9731 
6 

5:2 

3 3.7182 3.7699 3.7441 
7 4 4.0586 4.2156 4.1371 
8 5 4.2185 4.2803 4.2494 
9 6 4.2941 4.2187 4.2564 

10 10 4.2406 4.191 4.2158 
11 

5:3 

3 6.8044 6.7928 6.7986 
12 4 7.5823 7.6471 7.6147 
13 5 7.8932 7.9425 7.9179 
14 6 7.7961 7.8013 7.7987 
15 10 7.9742 8.0053 7.9898 
16 

5:4 

3 6.8225 6.7438 6.7832 
17 4 7.2977 7.1995 7.2486 
18 5 7.5482 7.4943 7.5213 
19 6 7.6952 7.7103 7.7028 
20 10 7.8056 7.8138 7.8097 
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-8   
5 5 5 

5   
 

 

 

    
 :  

 

(  

Ethanol 

1 2 ave. 

1 

5:1 

3 0.7724 0.7841 0.7783 
2 4 0.8531 0.8471 0.8501 
3 5 1.0872 1.1113 1.0992 
4 6 1.6551 1.5797 1.6174 
5 10 1.8657 1.8506 1.8581 
6 

5:2 

3 3.4586 3.3556 3.4071 
7 4 3.6538 3.5972 3.6255 
8 5 3.9601 3.8994 3.9298 
9 6 3.976 3.8522 3.9141 

10 10 4.0697 4.0549 4.0623 
11 

5:3 

3 6.0799 6.0941 6.0870 
12 4 6.5962 6.6031 6.5997 
13 5 6.8672 6.8552 6.8612 
14 6 6.7134 6.7072 6.7103 
15 10 6.7929 6.8048 6.7988 
16 

5:4 

3 6.1799 6.1941 6.1870 
17 4 6.7962 6.8031 6.7997 
18 5 7.0672 7.1552 7.1112 
19 6 7.1338 7.0972 7.1155 
20 10 6.9929 6.9748 6.9838 
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-9  
5:3   
 

 

 

 
 

(  
 

Reducing Sugar 

(g/l) 

1 1 1.27376 5.4006 
2 2 1.39781 5.9266 
3 3 1.61635 6.8532 
4 4 1.60031 6.7852 
5 5 1.57135 6.6624 
6 6 1.36173 5.7736 
7 7 1.30483 5.5323 
8 8 1.21288 5.1425 
9 9 1.09725 4.6522 

10 10 0.98347 4.1698 
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-10 5:3 5 
  

 Yeast Ethanol 
(  (%) 1 2 Ave. 

1 

1% 

1.1531 1.14425 1.1487 
3 3.5946 3.6493 3.6220 
5 3.6392 3.6099 3.6246 
7 3.9410 3.9489 3.9449 
9 3.0808 3.0632 3.0720 
1 

3%  

2.5863 2.4421 2.5142 
3 7.6818 7.6058 7.6438 
5 7.5037 7.4899 7.4968 
7 6.2432 6.2042 6.2237 
9 5.9483 6.0626 6.0055 
1 

5% 

2.4642 2.3641 2.4142 
3 8.5929 8.5896 8.5913 
5 7.9425 7.8932 7.9178 
7 6.6832 6.6163 6.6498 
9 6.2743 6.2053 6.2398 
1 

7% 

1.9041 1.9131 1.9086 
3 8.3845 8.3966 8.3906 
5 7.6373 7.6528 7.6451 
7 6.4293 6.2270 6.3282 
9 5.8791 5.1956 5.5373 
1 

9% 

1.8753 1.8695 1.8724 
3 7.9874 7.8928 7.9401 
5 7.3671 7.2075 7.2873 
7 6.4076 6.2264 6.3170 
9 5.5302 5.6082 5.5692 
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-11 5:3 10 
 

 Yeast Ethanol 
(  (%) 1 2 Ave. 

1 

1% 

1.1432 1.1532 1.1482 
3 3.4938 3.4933 3.4936 
5 3.8923 3.8786 3.8854 
7 3.6497 3.6068 3.6283 
9 2.9864 2.8643 2.9254 
1 

3%  

2.2432 2.1974 2.2203 
3 6.9611 6.9271 6.9441 
5 7.5742 7.6053 7.5898 
7 5.9542 5.9035 5.9289 
9 5.7732 5.8421 5.8077 
1 

5% 

2.2363 2.2413 2.2388 
3 8.5016 8.5021 8.5019 
5 7.9742 8.0053 7.9898 
7 7.1038 6.5140 6.8089 
9 6.1937 6.2836 6.2386 
1 

7% 

2.2631 2.2311 2.2471 
3 7.4418 7.4137 7.4277 
5 7.6636 7.4784 7.5710 
7 6.4800 6.2947 6.3873 
9 5.7770 5.9458 5.8614 
1 

9% 

2.0312 2.1521 2.0917 
3 7.2664 7.2851 7.2758 
5 7.9662 7.9908 7.9785 
7 6.3095 6.2020 6.2558 
9 4.5738 4.4121 4.4930 
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-12  5:3  
3 

 
  

  
 

(  

 Ethanol (%v/v) 

  1 2 ave. 

1 

1% 

1 2.5291 2.5098 2.5195 
2 3 3.6524 3.5924 3.6224 
3 5 3.6361 3.6271 3.6316 
4 7 3.4721 3.4813 3.4767 
5 9 3.4027 3.3971 3.3999 
6 10 3.4081 3.4021 3.4051 
7 

3% 

1 3.8927 3.8726 3.8827 
8 3 7.0841 7.0961 7.0901 
9 5 7.6595 7.5420 7.6007 

10 7 7.3100 7.4942 7.4021 
11 9 6.9587 6.9274 6.9430 
12 10 6.9841 6.8241 6.9041 
13 

5% 

1 4.0212 3.9961 4.0087 
14 3 8.6060 8.6100 8.6080 
15 5 8.5929 8.5896 8.5913 
16 7 8.5215 8.5421 8.5318 
17 9 8.5266 8.5371 8.5319 
18 10 8.5016 8.5021 8.5019 
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-12  5:3 
 3 

 
  

  
 

(  

 Ethanol (%v/v) 

  (  1 2 ave. 

19 

7% 

1 4.5826 4.6051 4.5939 
20 3 8.4731 8.5016 8.4874 
21 5 8.3207 8.3186 8.3197 
22 7 8.0877 8.0453 8.0665 
23 9 7.5527 7.4907 7.5217 
24 10 7.4725 7.4625 7.4675 
25 

9% 

1 4.6521 4.6612 4.6567 
26 3 8.4117 8.4632 8.4374 
27 5 7.9082 7.9888 7.9485 
28 7 7.2998 7.3302 7.3150 
29 9 7.2500 7.1085 7.1793 
30 10 7.2041 7.2103 7.2072 
31 

10% 

1 4.6942 4.6851 4.6897 
32 3 8.3934 8.4053 8.3993 
33 5 7.8679 7.9338 7.9008 
34 7 7.3414 7.2868 7.3141 
35 9 7.2110 7.1421 7.1766 
36 10 7.2071 7.1994 7.2033 
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-13 2.5 
250 3  

 

  Ethanol (%v/v) 
 1 2 ave. 

 
1     (1)  4.1427 4.1419 4.1423 
2     (2)  5.5826 5.5749 5.5787 

 
3     (1)  9.0464 9.0544 9.0504 

 
-14

2.5   
 

   Ethanol (%v/v) 
   1 2 Ave. 

1 
65 

5 56.1843 55.4818 55.8331 
2 10 67.5257 67.3487 67.4372 
3 15 69.7532 68.9838 69.3685 
4 

70 
5 85.8731 85.1618 85.5175 

5 10 73.6225 74.6772 74.1498 
6 15 68.9382 68.5022 68.7202 
7 

75 
5 84.0447 84.1682 84.1065 

8 10 65.1385 66.1338 65.6361 
9 15 55.9407 55.8593 55.9000 
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-15
2.5 

  3  
 

 
 

 
Ethanol 

 1 2 Ave. 
1 

Evaporate 
1 82.7668 82.9012 82.8340 

2 2 89.2787 88.9522 89.1154 
3 3 95.8945 95.3861 95.6403 
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