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ABSTRACT 

Cellulose microfibril (CMF) was the extraction with acid mixture from peel of Musa sapientum Linn type of banana 
(Kluai Nam Wa). The fibrous-shape of CMF interconnected weblike structure with the average diameter 26 nm were 
observed by TEM. In order to prepare zein/CMF nanocomposite films, 16 wt% zein solution was prepared by dissolved 
in 80% ethanol aqueous solution which contain glycerol 20% w/w. The suspension of CMF and zein solution was 
mixed with 0% - 5% weight fractions of solid CMF in zein matrix. The morphology of the zein films is more roughness 
by increased amount of cellulose microfibrils. It was found that as CMF content increase from 0 to 5 wt% results in in- 
creasing tensile strength and Young’s modulus of zein nanocomposite films. The highest strength obtains at 4 wt% 
CMF. 
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1. Introduction 

Natural fibers are subdivided based on their origins, 
coming from plants, animals or minerals. Especially, 
natural fibers which come from plant, they are also re- 
ferred to as cellulosic fibers, related to the main chemical 
component cellulose, or as lignocellulosic fibers, since 
the fibers usually often also contain a natural polypheno- 
lic polymer, lignin, in their structure. In recent years, the 
use of natural fibers as reinforcements in polymers and 
composites has attracted much attention due to the envi- 
ronmental concerns such as sisal [1], cotton [2], bamboo 
[3], jute [4], kenaf [5] and wood [6]. Compared to inor- 
ganic fillers, the main advantages of lignocellulosics are 
renewable nature, wide variety of fillers available throu- 
ghhout the world, low energy consumption, low cost, low 
density, high specific strength and modulus (desirable 
fiber aspect ratio), high sound attenuation, and compara- 
tively easy processability due to their flexibility and 
nonabrasive nature which allow high filling levels. 

Nevertheless, despite these attractive properties, lig- 
nocellulosic fillers are used only to a limited extent in 
industrial practices, mainly due to difficulties associated 
with surface interactions. An alternative way to palliate 
this restriction consists of obtaining both components 
(matrix and filler) dispersed in water such as colloidal 
suspensions of cellulose whiskers. In addition, cellulose 

can also be used as a microfibrillar filler, which is more 
accessible in terms of available amounts and preparation. 
Cellulose microfibrils (CMF) can be found as intertwined 
microfibrils in the parenchyma cell wall, in particular 
from plant. 

Cellulose whiskers have generated a great deal of in- 
terest as a source of nanometer size filler because of very 
good mechanical properties [7]. The microfibril diame- 
ters range from 2 to 20 nm and their lengths can reach 
several tens of microns depending on their origin, thus 
they have a very high aspect ratio and a significant 
load-carrying capability. Another type of cellulose, CMF 
is a diameter range of 10 - 100 nm, but with a web-like 
structure [8]. Cellulose nanowhiskers and CMF have 
been isolated from various sources such as sugar beet [9], 
potato pulps [10], algae [11], cactuses [12], banana rachis 
[13] and banana peel [14]. 

The use of cellulose nanowhiskers and CMF in com- 
posite materials has been reviewed [7]. Both natural and 
synthetic polymers have been used as matrices including 
starch [15], chitosan [16], poly(vinyl chloride) [17], and 
natural rubber [14], etc. Most of the composites have 
shown a significant improvement in properties. 

In this work, CMF which is prepared from peel of 
Musa sapientum Linn type of banana (Kluai Nam Wa) 
was used as reinforcement filler of zein films which pre- 
pared by solution casting technique. The effect of CMF 
content on morphology, chemical structure, crystal struc- *Corresponding author. 
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ture, thermal and mechanical properties of composite  
films were investigated and reported here. 

2. Experimental 

2.1. Materials 

CMF was prepared according to Organosolv treatment 
[13]. Briefly, dry powder size of 300 µm from banana peel 
were alkaline extracted, bleached with hydrogen peroxide 
and hydrolysed by mixing of nitric acid and acetic acid. 

Zein powder from maize with molecular weight of 
25,000 - 29,000 was obtained from Fluka. Ethanol (re- 
agent grade, J. T. Baker) and glycerol (Ajax Finechem) 
were used as-received. 

2.2. Nanocomposite Films Preparation 

In order to prepared zein/CMF nanocomposite films, zein 
solution with 16 %wt was prepared by dissolved in 80% 
ethanol aqueous solution which contain glycerol 20% 
w/w. The suspension of CMF and zein solution were 
mixed with 0% - 5% weight fractions of solid CMF in 
zein matrix. After well mixing of CMF and zein solution, 
the nanocomposite zein films were casted in a plastic 
mold and dried at 50˚C for 4 hr.  

All sample specimens were kept at desecrator with 
25˚C, 50% RH for at least 48 hr before testing to ensure 
the stabilization of their moisture content. 

2.3. Nanocomposite Film Characterization 

Infrared spectra of the as-prepared nanocomposite films 
were recorded by Perkin-Elmer FTS175 spectrophoto- 
meter (FTIR). 

TEM morphology of as-prepared CMF was examined 
by JEOL JEM-1230 while, SEM morphology of as-pre- 
pared nanocomposite films were examined JEOL JSM- 
6380LV operating at 1.5 kV. Prior observation under SEM, 
the nanocomposite films were coated with a thin layer of 
gold.  

X-ray diffractometer (XRD) was used for study the 
crystal structure of the nanocomposite films. XRD pat- 
terns were obtained by Bruker axx D8DISCOVER. The 
X-ray source was Cu Kα. The measurements covered the 
scanning range of 10 - 50 at a scanning speed of 0.05 s–1. 

A Mettler Toledo DSC822e (DSC) was used for inves- 
tigated thermal behavior of the films. To set the thermal 
history for all samples, each sample was first heated to 
200˚C and then cooled to 0˚C at the scanning rate of 
10˚C × min–1. The thermal properties of the films were 
measured in the second heating scan at the heating rate of 
10˚C × min–1. The glass transition temperature (Tg) and 
the melting temperature (Tm) were determined as the in-
flection point of the specific heat increment and the onset 
of the endothermic melting peak of DSC traces, respec-

tively. 
Mechanical properties in term of tensile strength, elon- 

gation at break and Young’s modulus were investigated. 
These measurements were carried out using a Texture 
analyzer Stable Micro System TA. XT plus, with the 
maximum load of 10 kN. A crosshead speed of 10 mm/ 
min and gauge length of 50 mm were used. 

3. Results and Discussion 

3.1. Morphology 

The product of Organosolv treatment from banana peel is 
presented in the form of colloidal CMF suspension in 
water media. TEM morphology of CMF was shown in 
Figure 1. It was found the CMF was fibrous-shaped, 
long and web-link structure with average diameter of 26 
nm. 

In manufacturing of protein-based films require plasti- 
cization of the protein in order to improve the flexibility 
of films and make them easy to handle. Then glycerol 
was added into the zein solution in order to improve zein 
films flexibility. Figure 2 shows the SEM micrograph of 
zein films with and without 20% glycerol content. It was 
found that surface morphology of pure zein film was 
smooth but fine pores were observed for zein film with 
20% glycerol. 

The plasticization of a polymer is a complex step-by- 
step phenomenon, comprising 1) wetting and adsorption; 
2) solvation and/or penetration of the surface; 3) absorp- 
tion, diffusion; 4) dissolution in the amorphous regions; 
and 5) structure breakdown [18]. Then, the morphology 
change of zein film, observation of fine pores in the pre- 
-sented of glycerol was disruption or changing of inter- 
molecular reaction between zein and glycerol [19]. 

SEM micrographs of zein/glycerol composite films 
with CMF content of 0 - 5 wt% were showed in Figure 2. 
 

 

Figure 1. TEM micrograph of as-prepared CMF. 
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Figure 2. SEM micrographs of the surface of zein films 
having the glycerol content of (a) 0%; and (b) 20%, respec-
tively and zein/CMF nanocomposite films having the CMF 
content of (c) 1%; (d) 2%; (e) 3%; (f) 4%; and (g) 5%, re-
spectively. 
 
It was found that small white dots were observed and 
became more clearly with 3% of CMF content. Higher 
content of CMF, agglomeration of CMF was occurred 
and it is the reason of roughly surface of zein films. In 
addition, numbers of the fine pore on the surface of the 
film were decreased by increasing of CMF content. The 
reduction in the number of fine pore could be a result of 
interaction between CMF molecules and zein. 

3.2. Chemical Characteristics 

Zein/CMF nanocomposite films in various CMF content 
were prepared using ethanol solution as the common 
solvent, respectively. To investigate the chemical char- 
acteristics of the films, FT-IR was employed. Figure 3 
shows FT-IR spectra of pure CMF film (i.e. the topmost 
curve), and a series of zein/CMF nanocomposite films in 
various CMF content. 

It is apparent from Figure 3 that as-prepared CMF 
FTIR pattern shows the characteristic hydroxyl-stretching 

 

Figure 3. FT-IR spectra of as-prepared CMF, and zein/ 
CMF nanocomposite films. 
 
absorption peak at 3433 cm–1, CH stretching absorption 
peak at 2920 cm–1, and characteristic absorption peak of 
glucopyranose unit of hemi-cellulose and -glycosidic 
linkage between glucose units of cellulose at 1023 - 1017 
cm–1 and 897 cm–1, respectively. The characteristic peaks 
of zein were appeared at 3430 cm–1 (OH stretching), 
2930 cm–1 (CH stretching) and 1650 cm–1 (Amide I and 
N-H bending), 1530 cm–1 (Amide II) which two last 
groups were related to the type of amino acid in protein 
molecule [20]. Since the glycerol was added in order to 
improve the flexibility of zein film, it was found that no 
significantly shift in characteristic peaks of zein but it 
was found the appearance of absorption peak at 1050 
cm–1 (OH bending) of glycerol. 

For the zein/CMF nanocomposite films, the FT-IR 
spectra were found the same characteristic peak as ap- 
peared in zein film containing glycerol but the intensity 
and the broad of these peaks (3430, 2930, 1650 and 1530 
cm–1) were more pronounce with increasing CMF con- 
tent. This phenomenon gives absorption peaks at the 
same position of pyranose group of hemi-cellulose in 
CMF. Moreover, it was also found the absorption peak at 
900 cm–1 which refer the -glycosidic linkage. 

Since, apart from the absorption peaks specific to 
zein/glycerol and CMF is observed in all of the nano- 
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composite films, no additional peaks signifying possible 
interaction between zein and CMF were observed. It is 
logical to postulate that the interaction between zein and 
CMF may existent but too weak to be detected by FT-IR. 

3.3. Crystal Morphology 

XRD provides evidence of the crystal morphology. Fig- 
ure 4 illustrates XRD diffractogram for pure CMF, and a 
series of zein/CMF nanocomposite films. 

As shown in Figure 4, The diffractogram of CMF 
shows two peaks around 2 = 15.9˚ with broad shape 
(peak 1) and 22˚ with sharp shape (peak 2). This diffrac- 
togram was quite altered from the previous report [21] 
which gave cellulose diffractogram at 2 = 15.5˚ (peak 1), 
16.5˚ (peak 2), and 22.6˚ (peak 3). The 2s were co- 
rrespond to d values of 5.72, 5.37, and 3.93 angstrom, 
respectively, and these diffraction peaks are typical of 
cellulose I. Peak 1 is Iα (100) and I (110); peak 2 is Iα 
(010) and I (110); and peak 3 is Iα (110) and I (200). 

The main peak in the XRD diffractogram of zein films 
with and without glycerol was appeared at the 2θ angle 
of ca. 18.5˚. Since CMF were incorporated into the zein 
film, it was found no other peak appeared or shifted but 
the shape of peak at 2θ angle of ca. 18.5˚ was became 
broader and shape-like cellulose crystalline peak when 
increasing CMF content. The incorporation of CMF 
seemed not to affect the crystallinity of the zein matrices 
since no relevant changes on their diffraction pattern 
were observed. This was probably due to the low amount 
of CMF in the film. 

The result from this contribution paper was good 
agreed with Lu and coworker [22] who study the effect 
of microfibrillated cellulose on crystal morphology of 
PVS. It was found that, the diffractograms of the com- 
posite PVA films display the superposition of those of 
the two components. The intensity of the diffraction peaks 
 

 

Figure 4. XRD pattern of as-prepared CMF and zein/CMF 
nanocomposite films. 

resulting from microfibrillated cellulose is directly pro- 
portional to the concentration of microfibrillated cellu- 
lose. 

3.4. Tensile Properties 

The reinforcement effect of CMF on the mechanical 
properties of zein/CFM nanocomposite films was evalu- 
ated up to their failure, as a function of the CMF content. 
The tensile strength at break, the percentage of elonga- 
tion at break, and the Young’s modulus of zein/CFM 
nanocomposite films were shown in Figure 5. 
 

(a) 

(b) 

(c)  

Figure 5. Tensile properties of zein/CMF nanocomposite 
films plotted as a function of glycerol/CMF ratio: (a) Ten-
sile strength at break; (b) Percentage of elongation at break; 
and (c) Young’s modulus. 
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It was found that pure zein film was brittle with value 
of 13.58 MPa, 9.97 MPa and 0.96% for tensile strength, 
Young’s modulus and percentage of elongation at break, 
respectively. In order to improve flexibility of zein film, 
glycerol was added and it has an improvement the per- 
centage of elongation at break from 0.96 to 1.58. How- 
ever, glycerol molecules were affecting to the strength 
and modulus of the film as well. Generally addition of 
plasticizer such as glycerol or sorbitol is reducing the 
intramolecular force among polymer chains. It has been 
attributed to ease of polymer mobility, thus increase in 
the polymer flexibility. However, there are correspond- 
ing lowering the strength and modulus of the polymer 
chain. These results were similar to report of Parris and 
Coffin [23] which study the effect of polyethylene glycol 
on mechanical of zein. It was found that tensile strength 
of polyethylene glycol added zein film is decreased from 
10.9 MPa to 5.7 MPa, while the elongation at break isin- 
creased about by 2.8%. 

The reinforcement effect of CMF on mechanical prop- 
erties of zein nanocomposite was clearly observed. It was 
found that as CMF content increase from 0 to 5 wt% re- 
sults in increasing from 11.8 to 15.05 MPa for tensile 
strength and from 9.11 to 14.75 MPa for Young’s mo- 
dulus of zein nanocomposite films. The highest strength 
occurs at 4 wt% CMF. 

With higher CMF content, aggregation of microfibril 
reduces both strength and modulus of the films. This 
result was agree with SEM which shown aggregation of 
CMF at 5 wt% loading in nanocomposite film. The ag- 
gregation of CMF is affected to the strength of zein film 
by alter the force transfer between zein molecule and 
CMF. Increasing of CMF content is also affect to slightly 
decrease the percentage of elongation at break of the 
composite films. There are two reasons to explain this 
phenomenon. The first one is higher CMF content caused 
higher rigidity of composite film. Another explanation is 
the composite film has higher interaction between cellu- 
lose and glycerol, via OH group. It causes lowering the 
plasticizing effect of glycerol on zein molecules, as a 
result, the percentage of elongation at break is decreased. 

3.5. Thermal Properties 

The DSC technique is one of the convenient methods for 
investigating the thermal properties of polymer blends 
and composites, therefore it was used for investigation 
the thermal properties of zein/CMF nanocomposite films 
on the glass transition (Tg) and crystalline melting tem- 
perature (Tm).  

For CMF which is composted of both crystalline part 
and amorphous part, thus the Tg could not be detected by 
DSC method. Sun and coworker [24] studied the method 
to isolation of cellulose from sugarcane bagasse and it 
was characterized. From the TGA and DSC experiment, 

it was found that isolated cellulose from nitric acid/acetic 
acid solution was degraded at 320˚C. Especially in DSC 
thermogram, exothermic peak centered at 340˚C was 
appeared. This exothermic peak is the disintegration of 
intramolecular interaction and the decomposition of the 
polymer. However, the degradation study of CMF in this 
paper was not focus. 

Figure 6 shows the DSC thermograms for zein/CMF 
nanocomposite films. The numbers assigned in the figure 
are Tg of the nanocomposite films. The thermal transi- 
tion point of zein is the middle point of endothermic peak 
at 87˚C. This point is correlated to the energy for hydro- 
gen bonding dissociation which related to increasing of 
protein mobility, thus we postulate that it should be the 
Tg of zein [25]. 

There are no baseline shift in the DSC thermogram of 
biopolymer, the Tg was assumed by the onset, middle or 
end point of the endothermic peak. As seen in Figure 6, 
pure zein film gives peak at ca. 81˚C but it will be shifted 
to lower temperature at ca 69.5˚C when zein incorporated 
with glycerol. The lowering of the Tg value of zein by 
adding glycerol is the plasticizing effect of glycerol 
 

Temperature (˚C) 
(a) 

Temperature (˚C) 
(b)  

Figure 6. DSC thermograms of zein film and zein/CMF 
nanocomposite films with (a) 1st heating scan; and (b) 2nd 
heating scan. 
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which improves the polymer chain mobility. As Ghan- 
barzadeh and cowork [26] reported that water is the main 
plasticizer of biopolymer such starch and gluen and re- 
sult in lowering their Tg. The Tg value of anhydrous, high 
molecular weight starch is 200˚C but change to –10˚C for 
hydrated starch. This result is in good agreement to Ma- 
goshi and coworker [27] which studying the Tg of zein at 
different moisture content. It was found that the Tg value 
of zein is decreased from 139˚C to 47˚C when increasing 
moisture content from 0% to 6.6%. 

Baseline of DSC thermogram in CMF reinforced zein 
film is shift to higher temperature as indication of in- 
creasing Tg value as increasing of CMF content (Figure 
6(b)). This slightly increase in Tg value is probably due 
to higher restriction chain mobility resulting from the 
presence of CMF between zein molecules. This result is 
in good agreement to mechanical properties results which 
gives higher tensile strength as increasing of CMF con- 
tent. However as progressive increasing CMF content, 
the reverse result of Tg value was occurred at 5% CMF 
content. The decreasing of Tg may results of hydrophilic 
nature of cellulose, thus an increasing of CMF causes of 
higher moisture in nanocomposite film at the same test- 
ing condition. Though the Tg value of the zein nano- 
composite film is decreased with increasing CMF content, 
the tensile strength is continually increased especially at 
4 wt% of CMF. The web-like structure of CMF was the 
main effect on the increasing tensile strength of the 
nanocomposite film. 

4. Conclusion 

Zein/CMF nanocomposite films were developed from 
colloidal suspension of CMF and zein solution. The CMF, 
prepared by acid hydrolysis of cellulose from banana 
peel, consisted of interconnected web-like structure with 
an average diameter around 26 nm. After the aqueous 
suspensions of CMF and zein solution were mixed and 
stirred, solid composite films were obtained by casting 
and evaporating methods. It was found that an incorpora- 
tion of CMF was changed the surface morphology and 
improved tensile properties of the films. Especially, an 
increasing CMF content was resulted in increasing ten- 
sile strength and Young’s modulus but decreasing in 
elongation at break of the zein nanocomposite films. By 
considering the easy of processing and the mechanical 
properties, the amount of cellulose microfibrils in zein 
film should not exceed 4 percent. 
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