
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Corncob Composition

The results o f  elem ental and chem ical com position o f  corncob are shown in 
Tables 4.1 and 4.2, respectively. For the elem ental com position o f  corncob, oxygen, 
and carbon are the m ajor com ponent in the corncob. For the chem ical com position, 
cellulose is the m ajor com ponent, follow ed by hem icellulose. This corncob has quite 
high cellulose but low lignin content, w hich is consistent w ith previously published 
results for o ther agricultural residues (V an Dyk and Pletschke, 2012).

Table 4.1 Elem ental com position o f  corncob

Elemental composition wt%, dry basis
Carbon 46.16

H ydrogen 6.15
N itrogen 0.49
O xygen 47.13
Sulfur 0.07

Table 4.2 Chem ical com position o f  corncob

Chemical composition of corncob wt%, dry basis
Cellulose 43.82

H em icellulose 39.62
Lignin 13.63

Extractive 2.93
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4.2 Determination of Hydrolysis Capacity Value (HC Value)

The hydrolysis capacity (HC) value is a param eter used to determ ine the 
enzym atic activity, which governs the rate o f  cellulose hydrolysis in the prim ary step 
(Zhang e t a!., 2006). The HC value is defined as the ratio o f  the diam eter o f  the 
appeared clear-zone to  the diam eter o f  the bacterial colony. In this w ork, to 
approxim ately estim ate the activity o f  any given bacterial strains, the hydrolysis 
capacity value m easurem ent o f  strain A 002 and strain M  015 was perform ed. The 
HC values o f  strain A 002 and M  015 are in Table 4.3. The result show ed that the 
HC value o f  strain A 002 was significantly higher than strain M  015. Hence, it was 
reasonable to  sum m arize that strain A 002 provided higher efficiency for cellulose 
degradation com pared to  strain M  015. In addition, this result w as in agreem ent with 
Taechapoem pol e t al. (2011).

Table 4.3 H ydrolysis capacity values o f  bacterial strain A 002 and strain M  015

Bacterial strain Hydrolysis capacity value
A 002 1.79
M  015 1.52

4.3 Microbial Hydrolysis

The concentration profile o f  the produced glucose from  a m icrobial 
hydrolysis is a crucial point for further ethanol production process. Therefore, tw o 
effective isolates (strain A 002 and M  015) obtained from  the Thai higher term ites 
M ic ro c e ro te rm e s  sp., w ere em ployed to hydrolyze corncob w ith different particle 
sizes (4 0 -60 , 60-80 , and 80 -100  m esh) and different quantity o f  malt extract (6, 8, 
10, and 12 g/L).
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4.3.1 Effect o f  C orncob Particle Size
The effect o f  corncob particle size w as investigated w ith  three 

different sizes— 4 0 -6 0 , 60-80 , and 80 -1 0 0  mesh. The m icrobial hydrolysis w as 
operated at the fixed condition o f  1.0 g/L corncob loading at 37 ๐c .

As shown in Figure 4.1, the am ount o f  g lucose concentration from  the 
hydrolysis o f  all corncob size w ith the bacterial strain A 002 increased w ith  the 
increase in the operating tim e and reached the m axim um  glucose concentration. 
H ow ever, the am ount o f  glucose concentration gradually decreased afterw ards. The 
highest glucose production w as obtained by the hydrolysis o f  80 -1 0 0  m esh corncob. 
Its evolution rapidly increased from the initial tim e and reached the m axim um  
glucose concentration o f  0.6 g/L at 6 h. A fter that, the glucose production drastically  
decreased and rem ained constantly after 16 h. M oreover, the g lucose evolution  from  
the hydrolysis o f  4 0 -6 0  mesh and 6 0 -8 0  mesh corncob w as 0.39 and 0.48 g/L, 
respectively, at 8 h. They show  the same trend w ith that from the 80 -1 0 0  mesh; 
how ever, the m axim um  glucose concentration w as low er than that o f  80 -1 0 0  mesh.

In addition, the glucose evolution from  the hydrolysis w ith  the 
bacterial strain M  015 w as also investigated, and the result is show n in Figure 4.2. 
The g lucose evolutions did not change significantly over the period o f  hydrolysis 
study for all studied sizes, and the m axim um  glucose concentration was low er than 
using the bacterial strain A 002. They gradually increased and reached the m axim um  
point and then they gradually decreased. Sim ilar to the result o f  strain A 002, the 
highest glucose production w as obtained from  the hydrolysis o f  the sm allest corncob 
particle size (8 0 -1 0 0  m esh) w hich had the m axim um  glucose concentration o f
0.46 g/L  at 8 h. The higher corncob particle sizes had the low er m axim um  glucose 
concentration— 0.42 g/L for 4 0 -6 0  m esh and 0.43 g/L for 6 0 -8 0  mesh at 10 h. The 
results suggested that for both bacterial strains— A 002 and strain M  015, the m ore 
effectiveness o f  glucose production can be achieved from  the sm aller corncob 
particle size. M oreover, the effect o f  the particle size w as m ore pronounced on the 
hydrolysis w ith the strain A 002.
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Figure 4.1 Effect o f  corncob particle size on the produced glucose concentration 
from  the hydrolysis o f  corncob at 37 ๐c  using the strain A 002.

Figure 4.2 Effect o f  corncob particle size on the produced glucose concentration 
from  the hydrolysis o f  corncob at 37 °c using the strain M  015.
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The B ET m ethod was done to experim entally confirm  w hy the 
sm aller corncob particle size had higher glucose production efficiency in term s o f  
am ount o f  g lucose production and optim um  hydrolysis time. The B ET results 
revealed that the sm aller particle size had higher specific surface area as show n in 
Table 4.4. Therefore, it can be explained by the fact that the higher the specific 
surface area, the higher the reaction— bacterial hydrolysis efficiency That is because 
there are higher possibility o f  bacteria to attach on the surface o f  corncob, undergo 
the reaction, and produce glucose com pared to the low er specific surface area. The 
obtained results w ere consistent with Y eh e l a l. (2010), w ho reported that the particle 
size in the subm icron scale caused a significant increase in the g lucose yield. And 
also, the sm aller corncob particle size can be hydrolyzed faster than the larger one. 
Consequently, the optim um  hydrolysis tim e o f  80 -100  m esh w as found at 6 h w ith 
the bacterial strain A 002 and at 8 h for the bacterial strain M  015, w hich w as shorter 
than that from the 6 0 -8 0  m esh and 4 0 -6 0  mesh for both strains. These results could 
be supported by Abasaeed and M ansour (1992), who also investigated the effect o f  
particle size on the reaction tim e too.

Table 4.4 Specific surface area o f  corncob particle

Corncob Surface area
________________(ท12/ฟ________________

4 0 -6 0  mesh 3.2
6 0 -8 0  mesh 6.3

80-100  mesh 6.7

4.3.2 Effect o f  Bacterial Strains
The bacterial hydrolysis perform ance to produce glucose from  

corncob w as investigated by using bacteria, B a c illu s  su b tilis , w ith d ifferent strains, 
—  A 002 and M  015, at the fixed corncob particle size o f  80 -100  mesh. As show n in 
Figure 4.3, the strain A 002 produced higher glucose concentration than the strain 
M  015. The g lucose concentration profile from  the bacterial hydrolysis using the 
strain A 002 show  that the glucose concentration rapidly increased and reached the
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m axim um  point having the glucose concentration o f  0.6 g/L at the hydrolysis tim e o f  
6 h. On the contrary, the glucose concentration profile using the strain M  015 
slightly increased w ith the increase in the hydrolysis tim e and reached the m axim um  
point having the glucose concentration o f  0.46 g/L  at the hydrolysis tim e o f  8 h. This 
may be resulted from  the different enzym es in each strain. The strain M  015 contains 
higher endoglucanase than P-glucosidase, w hereas the strain A 002 contains higher 
P-glucosidase than endoglucanase. The endoglucanase has the roles o f  attacking and 
creating free chain-ends o f  cellulose, w hile the P-glucosidase cleaves the small 
m olecule o f  cellulose to be glucose. Hence, it was unquestionable to conclude that 
why the strain A 002 had m ore efficiency for producing g lucose than the strain 
M  015, w hich was consistent w ith the hydrolysis capacity values (Taechapoem pol e t  
๗., 2011) .

Figure 4.3 Effect o f  bacterial strains on the glucose concentration produced from  the 
hydrolysis o f  80 -100  m esh corncob at 37 °c.
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4.3.3 Effect o f  C oncentration o f  Secondary C arbon Source
From the 65 m odified D SM Z broth m edium  2, w hich used 10 g/L  

m alt extract loading. In order to optim ize the malt extract loading in this form ula, the 
concentation o f  the malt extract used in the m icrobial hydrolysis o f  80 -1 0 0  mesh 
corncob w as varied. F igure 4.4 clearly show s that the m axim um  glucose 
concentration from  6, 8, 10, and 12 g/L  malt extract loading in the production 
m edium  w ere 0.42, 0.48, 0.64, and 0.80 g/L, respectively. The results indicated that 
the higher the am ount o f  the malt extract loading, the higher the glucose 
concentration. This can be explained that the malt extract provides the carbon, 
protein, and nutrient sources required for the grow th o f  m icroorganism s (A lta f ๗ a /., 
2007). Therefore, as the higher am ount o f  malt extract was available for grow ing the 
bacteria, the released enzym e w as also high for the hydrolysis process.

Time (h)
Figure 4.4 Effect o f  malt extract loading on the produced glucose concentration 
from  the hydrolysis o f  80 -1 0 0  m esh corncob using the strain A  002 at 37 ๐c .
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4.3.4  G lucose and B acteria Evolutions
The optim um  glucose prodution obtained from  the hydrolysis o f  

8 0 -1 0 0  m esh corncob w ith  both bacterial strains at 37 °c w ere com pared w ith  the 
bacteria concentration, show n in Figures 4.5 and 4.6. G lucose significantly increased 
after 1 h until reaching the m axim um  glucose concentration and continued to 
decrease until 24 h, w hile the bacteria concentration continuously increased. It 
im plies that the glucose is consum ed by the bacteria after 6 and 8 h for the strain 
A  002 and M  015, respectively.

C om parison betw een the bacteria concentration from  the hydrolysis 
w ith  the strain A 002 and M  015 show s that the strain A 002 has higher grow th rate 
than the strain M 015. This also indicates the higher activity o f  the strain A 002 than 
the strain M 015 due to its higher in cellulase activity.
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Figure 4.5 G lucose and bacteria evolutions from the hydrolysis o f  the 80-100 mesh 
corncob using the strain A 002 bacteria at 37 °c.
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Figure 4.6 G lucose and bacteria evolutions from the hydrolysis o f  the 8 0 -1 0 0  mesh 
corncob using the strain M  015 bacteria at 37 °c.

4.4 Enzymatic Hydrolysis

In order to com pare the efficiecy o f  glucose production from  using the 
bacterial enzym e w ith  a com m ercial enzym e, the enzym atic hydrolysis using 
com m ercial cellulase enzym e from  A sp e rg illu s  N iger was investigated. The corncob 
particle size (8 0 -1 0 0  m esh) w as hydrolyzed w ith  different com m ercial cellulase 
enzym e loadings.

4.4.1 Effects o f  C ellulase Enzym e Loading
The effect o f  com m ercial cellulase enzym e loading on the production 

o f  g lucose w as investigated by varying concentrations o f  cellulase loading (100, 200, 
300, 400, and 500 บ  per gram  corncob). The enzym atic hydrolysis w as operated  at 
the fixed condition o f  1.0 g/L  corncob loading and pH  5.5 at 37 °c. The glucose 
concentration profiles w ere exam ined over a 72 h period.
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For any cellulase loading, the glucose production from  the enzym atic 
hydrolysis o f  corncob by A sp e rg illu s  n ig e r  continuously increased w ithin the first 
12 h and then gradually  increased as shown in Figure 4.7. The results could be 
explained by the fact that the enzym atic hydrolysis o f  corncob is a heterogonous 
reaction, w hich depends directly on the available interfacial surface area. At the 
beginning o f  the reaction, there was m ore possibility  o f  the soluble enzym e to adsorb 
on the available surface and undergo the reaction, leading to  the num ber o f  available 
surface was gradually  decreased. A fterw ards, the reaction took  place w ith  the 
rem aining available surface resulting in the slow rate o f  glucose production. This 
result is in agreem ent w ith a report by H ighina e t a!. (2011). In addition, the 
m axim um  glucose concentration o f  0.80 g/L was obtained by using 500 บ  cellulase 
per gram  corncob; however, beyond the cellulase loading o f  300 บ  per gram  
corncob, the glucose concentration w as slightly increased as show n in F igure 4.8. 
The results can be concluded that the higher the cellulase enzym e loading, the higher 
the glucose concentration.

Figure 4.7 Effect o f  cellulase enzym e loading on the glucose concentration 
produced from the hydrolysis o f  the 80 -100  mesh corncob at 37 ๐c .
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Cellulase enzyme loading (U/g corncob)
Figure 4.8 M axim um  glucose produced from  the hydrolysis o f  the 80 -1 0 0  mesh 
corncob at 37 °c by varied cellulase enzyme loading.

The optim um  glucose production from m icrobial hydrolysis o f  the 80 -1 0 0  
m esh corncob particle size using strain A 002 at 37 °c w as com pared w ith  that from 
enzym atic hydrolysis using com m ercial cellulase enzym e loading, A sp e rg illu s  n ig er. 
The m axim um  glucose concentration from  the m icrobial hydrolysis w as 0.6 g/L, 
w hich is equivalent to  the glucose concentration obtained from  the enzym atic 
hydrolysis w ith using 273 บ cellulase per gram  corncob. As the cost o f  the 
com m ercial cellulase enzym e contributes significantly to the total cost o f  cellulose 
conversion process, these results indicate that the use o f  the m icrobial hydrolysis is 
m ore econom ical than the enzym atic hydrolysis. In addition, the results show  that the 
m icrobial hydrolysis can reach the optim um  condition (6 h) faster than the enzym atic 
hydrolysis (72 h).
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4.5. Structure of Hydrolyzed Corncob Sample

The scanning electron m icrographs at 1,200 m agnifications revealed the 
corncob m orphology before and after the hydrolysis. The sm ooth surface o f  corncob 
w as observed before the hydrolysis as shown in Figure 4.9(a). Flowever, the 
m orphology w as obviously changed to  be rough and porous surface after the corncob 
w as hydrolyzed by the bacteria either strain A  002 or M  015 and com m ercial 
cellulase enzym e, A sp e rg illu s  tiiger, at 37 °c as illustrated in Figure 4.9(b), 4.9(c), 
and 4.9(d), respectively.

Figure 4.9 Scanning electron m icrographs o f  the 80 -100  m esh corncob surfaces 
(a) before hydrolysis; (b) after hydrolysis at 37 °c w ith the strain A 002; (c) after 
hydrolysis at 37 °c w ith the strain M  015; and (d) after hydrolysis at 37 °c w ith 
com m ercial cellulase enzyme.
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As m entioned from  the effect o f  bacterial strains, the strain A  002 
provided h igher total enzym e activity and w as able to  produce higher glucose 
concentration than the strain M  015. H ow ever, the BET analysis o f  the corncob after 
the m icrobial hydrolysis by using both strains show s that using the strain M  015 
provided higher surface area than the strain A 002, as show n in Table 4.5. It can be 
described by the fact that the strain M  015 had higher endoglucanase activity  w hich 
cleaves the long chains o f  cellulose into the short chains, resulting in high surface 
area obtained (Taechapoem pol e t a l .1 2011). On the contrary, the strain A 002 had 
higher exoglucanase and (3-glucosidase activity, w hich cleave at the ends o f  the short 
chains cellulose and release soluble sugars such as glucose leading to low er solid 
content and low er surface area com pared w ith the strain M  015. H ence, it w as 
reasonable to  explain w hy the strain A 002 had low er surface area but still provided 
higher glucose concentration.

Table 4.5 Specific surface area o f  8 0 -1 0 0  m esh corncob after hydrolysis w ith 
bacterial strain A 002 and M  015

Corncob 80-100 mesh Surface area 
(m2/g)

B efore hydrolysis 6.7
A fter hydrolysis using strain A 002 12.0
A fter hydrolysis using strain M  015 20.8
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