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Abstract: Purpose: Modification of corncob fiber by enzymatic hydrolysis will improve 

its function as functional fiber, which having many beneficial effects for health. 

Methodology: In this research, the corncob was delignified using NaOCl 1% 

and its sugar composition was determined by GC-MS technique. Enzymatic 

hydrolysis was conducted using single and combined enzyme of cellulase and 

xylanase for 96 hours at pH 5 and temperature 50ºC. The content of total and 

reducing sugar, the degree of polymerization of hydrolysis product and its mi-

croscopic structure were monitored. 

Findings: The results showed that delignification removed about 60% lignin of 

undelignified corncob. Glucose and xylose were detected as major sugar in both 

undelignified and delignified corncob. Average total sugar, reducing sugar and 

degree of polymerization produced by enzymatic hydrolysis were fluctuating. 

Value: The hydrolysis increased the soluble fractions of delignified corncob and 

its structure was converted to more amorphous states.
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INTRODUCTION 

Agricultural wastes are raw materials for industry because of 
their lignocellulose contents. Lignocellulose which consisted 
of lignin, hemicelluloses, and cellulose can be converted into 
many products such as organics solvent, oligosaccharides, xy-
litol, fertilizers and biofuel. Solomon et al. (1999) stated that 
lignocellulose can be converted into products that are of com-
mercial interest such as ethanol, glucose, and single cell pro-
tein. But most of them were not utilized yet and caused nega-
tive effects for environment (Richana, 2002). Wu et al. (2011) 
stated that a large number of agricultural wastes have not 
been fully exploited. Most of the resources are constantly be-
ing wasted. 

Corncob is one of potential agricultural waste because 
corn productivity is very high in Indonesia, it was about 16.48 
tons in 2009 (BPS, 2009). Rangkuti and Djajanegara (1983) 
stated that corncob was about 30% of corn-agrowaste. Based 
on the two data, there were 7.06 million corncobs in 2009 
and most of them is only used for feed or traditional fuel in 
households of rural farmers (Zakpaa et al., 2009). The con-
tent of cellulose and hemicelluloses in corncob is very high. 
Meryandini et al. (2008) has reported that corncob from local 
variety contained 44.36% of cellulose, 30.38% of hemicellu-
loses and 19.21 % of lignin. 

Modification of corncob fiber by enzymes will pro-
duce amorphous fiber and oligosaccharides. This pro-
cess will improve the function of corncob fiber as a more 
functional fiber, cello-oligosaccharides (COs) and xyloo-
ligosaccharides (XOs), which having many beneficial ef-
fects for health. Oligosaccharides improve immunity, 
feeding efficiency and the quality of livestock products 
(Uma et al., 1999). Many researchers are interested in 
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xylooligosaccharides production from corncob as prebiot-
ic for food application. Xylooligosaccharides are used for 
food and pharmaceuticals applications, complementary in 
a variety of positive health effects (V´azquez et al., 2001). 
Pangsri (2008) has compared the capacity in growth pro-
motion of Bifidobacterium and lactic acid bacteria grown in 
xylooligosaccharides mixture from corncob autohydrolysis 
and commercial xylooligosaccharides. The result showed 
that xylooligosaccharides mixture from corncob auto hy-
drolysis exhibited a potential bifidogenic capability similar 
to commercial xylooligosaccharides.

At present, oligosaccharides is extracted from corn, soy-
bean and yeast strain directly and it is also obtained by the re-
actions of artificial polysaccharide decomposition, monosac-
charide binding and glycosyl transferase transfer (Crich and 
Vinogradova, 2007). This research explored the utilization 
of corncob to produce oligosaccharides by enzymatic hydro-
lysis using cellulase and hemicellulase. The objective of this 
research is to improve enzymatic hydrolysis of corncob to pro-
duce oligosaccharides as food ingredients.

EXPERIMENTAL

Materials

Corncob from local variety (Hawaii) was collected from farm 
around Bogor-West Java Indonesia. Commercial cellulase and 
xylanase (Cellulast) was obtained from Bioteknocare Company.

Methods

Delignification of corncob

The corncob was dried and milled using hammer mill (about 
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32 mesh). Delignification of corncob methods has been in-
vestigated previously (Widyani, 2002). It was prepared by im-
mersing the sample in 1% of NaOCl solution for 5 hours 
at room temperature (28oC). This step removed lignin into 
soluble fraction, whereas cellulose and hemicelluloses were 
precipitated in the solid residue. The precipitated fraction 
was washed using distilled water until the pH become 8 and 
the hypochlorite adour did not exist anymore. The deligni-
fied corncob precipitant was then sun-dried. The fiber com-
ponents (cellulose and hemicelluloses) were calculated as neu-
tral detergent fiber and acid detergent fiber (Van Soest, 1963) 
and lignin (AOAC, 1984), whereas the structure of fibers were 
observed with polarized light microscope. 

Analysis of sugar content by acid treatment 

100 mg sample was suspended in 10 mL of sulfuric acid so-
lution with various concentrations from 10-60% (v/v) and 
shaken at 120 rpm for 5 h at temperature 20oC. The samples 
treated with acid concentration higher than 45% (v/v) were 
mixed with 10 mL of distilled water to reduce their viscosity. 
All samples were centrifuged for 30 minute at 6000 rpm and 
at 0oC. One mL of the each supernatant was neutralized with 
2 N sodium hydroxide. The amount of total sugar (TS) was 
estimated by phenol sulphuric acid method, while the con-
tent of reducing sugar (RS) was measured by modified Park-
Johnson method. Average of degree of polymerization (DP) 
was determined by the ratio of TS and RS value (Thalagala et 
al., 2009). 

Analysis of sugar composition by GC-MS 

Neutral sugars were prepared by acid treatment (Thalagala et 
al., 2009). 100 mg sample was hydrolysis in 10 mL of sulfuric 
acid solution 50% (v/v) and shaken at 120 rpm for 5 h. The 
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solution was mixed with 7.5 mL of distilled water so that 
the concentration of the solution decrease to 30% (v/v) and 
then it was centrifuged at 6000 rpm at 0oC for 30 minute. 
The supernatant was shaken at 120 rpm for 5 h in a water 
bath at 60°C in order to get monosaccharide. The superna-
tant was then neutralized with 2 N sodium hydroxide and 
rotary evaporated to reach its total sugar content approxi-
mately 2 mg/mL. The sugars obtained were acetylated and 
analyzed by GC-Mass Chromatography (GCMS-QP2010, 
Shimadzu Corporation, Kyoto, Japan). Chromatographic 
separation was performed with a 30 m x 0.25 mm SPTM 2380 
fused SILICA capillary column operating with 1 mL/min 
helium as the carrier gas. The temperature was kept at 210oC 
for 3 min and then heated up to 240 oC within 2 min and 
this condition was continued for 7 min to complete the total 
separation time.

Assay of enzymes activity (Meryandini et al. 2008) 

Cellulase activity was measured with CMC, Filter paper (FP), 
and Avicel as the substrates. Cellulase was added to CMC 
0.5%, avicel 0.5%, FP (1 cm x 5 cm) with ratio 1:1 in citrate 
phosphate buffer pH 5. The enzyme mixture was incubated 
at 30-90°C in 10° interval for 60 minutes. Cellulase activity 
was measured using DNS (Dinitrosalisilic Acid) method by 
Miller (1959) with glucose as the standard. Xylanase activity 
was measured with oat-spelt xylan as a substrate. Xylanase en-
zyme (100 µL) was added to 1 mL substrate solution which 
contains 0.5% xylan and the mixture was incubated at tem-
perature 30-90°C in interval 10°C for 60 minutes.

Xylanase activity was determined using DNS 
(Dinitrosalisilic Acid) method by Miller (1959) with xylose as 
the standard. The reducing sugar content of the references 
samples (substrate solution incubated without enzyme and 
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diluted enzyme solution in buffer) were deduced from the val-
ues of the test samples. The reducing-sugar was detected by 
spectrophotometer (=540 nm). One unit cellulase activity was 
defined as 1 µmol glucose released in one minute incubation 
under specified condition, whereas one unit xylanase activity 
was defined as 1 µmol xylose released in one minute incuba-
tion under specified condition.

Hydrolysis the delignified corncob using cellulase 
and xylanase

The delignified corncob flour was suspended in phosphate ci-
trate buffer pH 5 with concentration 5% (w/v) in Erlenmeyer 
flask. Its optimum concentration had been investigated previ-
ously (Muttaqin 2010). The single cellulose and xylanase en-
zymes (20 unit/mL for each enzyme respectively) and com-
bined cellulase-xylanase (1:1) enzyme (10 unit/mL for each 
enzymes) were used to hydrolyze the sample and incubated for 
96 h in a shaking water bath at 120 rpm and at 50°C , then 
they shaken. The changes on the degree of polymerization 
were monitored every 12 h. The amount of TS was estimated 
by phenol sulphuric acid method and RS by DNS method. 
The values of average degree of polymerization (DP) were esti-
mated by dividing the value of TS by that of RS. The changes 
of fiber structure were observed before and after hydrolysis 
with polarized light microscope. 

RESULT AND DISCUSSION

Delignification of corncob

Cellulose and hemicelluloses are major components of 
corncob. Cellulose is homopolymer of 8,000-12,000 units 
of glucose joined by -1,4 linkages and hemicelluloses is 
branched-chain polymers consists of xylose, mannose, 
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galactose, rhamnose, and arabinose. The two components 
can be hydrolyzed into their oligomers and monomers, 
but the presence of lignin makes the access of enzymes to 
them difficult, thus reducing the efficiency of the hydro-
lysis. Pretreatment (delignification) is required to remove 
lignin and hemicelluloses, reduce cellulose crystallinity, 
and increase the porosity of the materials (Sun and Cheng, 
2002). Figure 1 presents that the structure of corncob fiber 
is change after delignification. The structure has broken 
and the fiber looks more rigid and amorphous after delig-
nification by NaOCl 1%.

The delignification also influenced the corncob fiber con-
tent (Table 1). Based on the Table 1 it can be seen that delig-
nification could remove the lignin about 60%, and increase 
the holocellulose content. Hypochlorite ion of NaOCl could 
cleave the carbon linkage on lignin structure and cause the 
opening of the linkages between lignin and the other polysac-
charides. Delignification could not eliminate the lignin con-
tent completely, because the lignin linked with holocelluloses 
by covalent linkages and the cellulose microfibril was integrat-
ed in hydrophobic matrix covered by lignin.

Figure 1:
Structure of Corncob 
Fiber Before Delig-
nification (a) and Af-
ter Delignification (b) 
(Light Polarized Mi-
croscope in Magnifica-
tion 20)
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Characteristics of sugar components in  
undelignified and delignified corncob

Table 2 showed that acid treatment with various concentra-
tion of sulphuric acid 10-60% (v/v) at 20°C for 5 h produced 
oligomers and monomers with average degree of polymeriza-
tion (DP) value 1.0-3.3 from corncob and 2.8-4.0 from delig-
nified one. Total sugar (TS) amount of hydrolyzed delignified 
corncob was higher than hydrolyzed undelignified corncob.

It could be found (Figure 2) a unique rising patterns with 

Table 1: 
Composition of Corn-
cob Fiber Before and 
After Delignification

Table 2:
Content of Sugar in 
Undelignified and Del-
ignified Corncob by 
acid Treatment with 
Various Concentra-
tion of Sulphuric Acid 
at 20°C
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the first increasing at 35.0-42.5% (v/v) sulphuric acid concen-
trations and the second increasing at 45-50% (v/v) sulphuric 
acid concentrations. It could be assumed that there were two 
kinds of extracted materials. Thalagala et al. (2009) suggested 
that lots of chemical linkages of hemicelluloses were broken 
preferentially and those of cellulose were substantially kept up 
to around 42.5% (v/v) sulphuric acid. At the second increase 
of TS amount, crystalline lattices of cellulose were disrupt-
ed and converted into a completely amorphous state forming 
and gelatinous substances. The cellulose was extremely sus-
ceptible to be hydrolyzed by sulphuric acid at concentration 
higher than 60% (v/v).

Sugar composition in undelignified and delignified 
corncob

Since the highest value of TS amount (Table 2) was resulted 
by treatment of 50% (v/v) sulphuric acid concentration for 
the two substrates (93 mg for undelignified corncob and 321 
mg for delignified one), then the concentration was used to 

Figure 2:
Total Sugar Amount % 
(w/w) of Saccharides 
Extract from 100 mg 
Each of Undelignified 
Corncob ( ) and Del-
ignified Corncob ( ) 
Treated with Various 
Concentration of Sul-
phuric Acid at 20°C.
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produce the oligosaccharides and monosaccharide from the 
two substrates. The oligosaccharides and monosaccharide 
produced by delignified corncob were higher than undeligni-
fied corncob after acid treatment (Table 3).

The monosaccharide composition was analyzed by GC/
MS method. Table 4 showed that both substrates contained 
glucose and xylose as the major sugar, which were 36.27 and 
50.22 (undelignified corncob) and 43.00 and 49.00 (deligni-
fied corncob). Glucose was the result of cellulose hydrolysis, 
whereas xylose, arabinose, galactose and mannose was the re-
sult of hemicelluloses hydrolysis.

Based on the characterization of the sugar in undeligni-
fied corncob and delignified one, it can be concluded that 
corncob is potential sources to produces oligosaccharides by 
enzymatic hydrolysis because it contained a lot of cellulose 
and hemicelluloses. Cellulose or ß -1-4-glucan is a polymer of 
glucose made of cellobiose units with about 2,000 to 27,000 
glucose residues (Delmer and Amor 1995; Morohoshi 1991). 
These chains are packed by hydrogen bonds in socalled ‘el-
ementary fibrils’ originally considered to be 3 to 4 nm wide 
and contain about 36 chains, although larger crystalline fibrils 

Table 3: 
Content of Sugar in 
Undelignified Corncob 
and Delignified Corn-
cob by Acid Hydrolysis 
(Sulphuric Acid 50%)
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up to 16 nm were also discovered (Ha et al., 1998). Xylan is 
the major hemicellulose component in nature. The sugars in 
xylan are primarily pentoses (D-xylose and L-arabinose) and 
harbor as minor constituents’ hexoses (D-galactose, D-glucose 
and D-mannose) as well as uronic, acetic and cinnamic acids 
(Collins et al., 2005; Squina et al., 2009).

Hydrolysis of delignified corncob using cellulase 
and xylanase 

The assay of enzymes activity was done to get informations 
about the optimum condition of hydrolysis. The characteris-
tics of two enzymes were shown at Table 5.

Table 4:
Composition of 
Monosaccharide Sugar 
Analyzed by GC/MS in 
Undelignified and Del-
ignified Corncob After 
Hydrolysis at 60°C 
for 5 h

Table 5:
Characteristics of Cel-
lulase and Xylanase
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Based on the data in Table 5, enzymatic hydrolysis was 
done at pH 5 and temperature 50ºC. Sugar content was moni-
tored every 12 h for 96 h of hydrolysis (by analyzing TS and 
RS, then calculating the DP value). The result of sugar compo-
sition after enzymatic hydrolysis is shown in Table 6.

The range of average DP value for all treatment was 3.442 
- 16.908. The least average of DP value (3.442) was obtained 
in enzymatic hydrolysis using single cellulase for 12 h. The less 
average of DP value explained that polysaccharides in deligni-
fied corncob were depolymerized into short-chain compounds 
during enzymatic hydrolysis. It indicates that enzymatic hy-
drolysis of delignified corncob produced oligosaccharides. 
Pangsri (2008) stated that oligosaccharides are carbohydrate 
containing 310 units of monosaccharide. Oligosaccharides 
have linear or side chain structure and low molecular weight 
with a degree of polymerization (DP)>10. Oligosaccharides 
are also small polymer with 2 to 10 monosaccharide joint to 
form straight or branched-chain by means of the glucosidal 
bonds (Liab et al., 2000; Teramoto et al., 2008). 

Table 6:
The Change of Total 
Sugar, Reducing Sugar, 
and DP Value in En-
zymatic Hydrolysis of 
Delignified Corncob 
for 96 h
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The patterns of TS amount produced by single and com-
bined enzymatic hydrolysis were various, but the patterns of 
RS were the same (Figure 3). The TS patterns were fluctu-
ating for each enzyme treatment because the sugars released 
could inhibit the hydrolysis reaction (Taherzadeh and Karimi, 
2007). High substrate concentration can cause substrate inhi-
bition, which substantially lowers the hydrolysis rate. The ex-
tent of the inhibition depends on the ratio of total enzyme to 
total substrate (Sun and Cheng 2002).

The various patterns of TS also indicated that cellulose 
and xylanase were complex enzymes. Cellulase is a mixture 
of several enzymes. At least three major groups of cellulases 
are involved in the hydrolysis process: (1) endoglucanase (EG, 
endo-1,4-D-glucanohydrolase, or EC 3.2.1.4.) which attacks 
regions of low crystallinity in the cellulose fiber, creating free 
chain-ends; (2) exoglucanase or cellobiohydrolase (CBH, 1,4-b-
D-glucan cellobiohydrolase, or EC 3.2.1.91.) which degrades 

Figure 3:
 The Changes of To-
tal Sugar and Reduc-
ing Sugar Amount % 
(w/w) in Hydrolysis of 
Delignified Corncob 
5% (w/v) use 20 Unit/
ml Single Cellulase (a), 
Single Xylanase (b) 
and Combined Cellu-
Lase-Xylanase 1:1 (c) 
for 96 h
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the molecule further by removing cellobiose units from the 
free chain-ends; (3) -glucosidase (EC 3.2.1.21) which hydro-
lyzes cellobiose to produce glucose (Coughlan and Ljungdahl, 
1988).

There are three major groups of xylanase and also a num-
ber of ancillary enzymes that attack hemicelluloses, such as 
glucuronidase, acetylesterase, xylanase, β-xylosidase, galacto-
mannanase and glucomannanase (Duff and Murray, 1996). 
Complete depolymerization of xylan is accomplished by the 
synergistic action of endo-xylanases and xylosidases along 
with arabinofuranosidases, ferulic acid esterases, uronidases 
and other enzymes, which respectively act on the xylan back-
bone, side chains and decorating units, producing ferment-
able xylo-oligomers and monomers (Remond et al., 2010).

Based on Figure 3, it can be also presented that the pat-
tern of RS obtained by enzymatic hydrolysis of delignified 
corncob was flat for both single and combined enzymes. It 
indicates that the change of RS during enzymatic hydrolysis 
was not significant. Some factors could influence the RS con-
tent, they are porosity (accessible surface area) of the waste 
materials, cellulose fiber crystallinity, and the content of lig-
nin and hemicelluloses. The presence of lignin and hemicel-
luloses makes the access of cellulose enzymes to cellulose dif-
fcult, thus reducing the effciency of the hydrolysis (McMillan, 
1994). 

The enzymatic hydrolysis of delignified corncob also af-
fected the structures of delignified corncob fiber. Figure 4 
showed the changes of crystalline state to amorphous state.

The fiber structure of the delignified corncob before hy-
drolysis was in a complex and solid form (Figure 4a). After hy-
drolysis for 96 h, the fiber structure of the delignified corncob 
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was more rigid and amorphous (Figure 4b-4d). The changes 
of crystalline state to amorphous state affected by complex cel-
lulase and xylanase. Endoglucanase hydrolyzed regions of low 
crystallinity (amorphous state) in the cellulose fiber, creating 
free chain-ends (oligosaccharides) with different chain-length. 
Exoglucanase hydrolyzed regions of high crystallinity (crystal-
line state) efficiently (Perez et al., 2002).

CONCLUSION

The delignified corncob contained 71.00 % of cellulose and 
11.32% of hemicelluloses. The delignification removed about 
60% lignin. Glucose and xylose were detected as major sugars 
in undelignified and delignified corncob. Average total sugar, 
reducing sugar and degree of polymerization produced by en-
zymatic hydrolysis were fluctuating. The hydrolysis increased 
the soluble fractions of delignified corncob fiber and its struc-
ture was converted to more amorphous states.

Figure 4:
Microscopic Structure 
of Delignified Corn-
cob Fiber Before Hy-
drolysis (a) and After 
Hydrolysis for 96 h 
Using 20 Unit/g Cel-
lulase (b), Xylanase (c) 
and Combination of 
Cellulose-Xylanase 1:1 
(d) ((Light Polarized 
Microscope in Magnifi-
cation 100x)
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