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Nanocomposite fiber mats based on biodegradable polycaprolactone (PCL) and chitin nanofibril (n-chitin)
were produced via electrospinning. The morphologies, thermal and mechanical properties as well as sur-
face wettability of the fiber mats were studied by scanning electron microscopy, differential scanning
calorimetry analysis, thermogravimetric analysis, dynamic mechanical analysis and static water-contact-
angle analysis, respectively. The addition of chitin nanofibrils into PCL resulted in a small change in
thermal behavior, but a significant improvement in mechanical properties. Moreover, the surface wett-
ability of electrospun fiber mats transformed from hydrophobicity to hydrophilicity when the chitin
nanofibril content was more than 25 wt%. In addition, in vitro cell culture results indicated that the addi-
tion of chitin nanofibrils can strongly improve the cellular infiltration and migration confirming that the
chitin nanofibril was a good reinforcing as well as bioactive filler for PCL.
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1. Introduction

Poly(e-caprolactone) (PCL) is a commonly used biodegrad-
able, low-priced biopolymer applied to a variety of FDA-approved
products. It is tough, flexible and biocompatible, and recently it
has attracted much interest because of its potential applications
in the field of tissue engineering (Cipitria, Skelton, Dargaville,
Daltona, & Hutmacher, 2011; McClure, Sell, Simpson, Walpoth,
& Bowlin, 2010; Woodruff & Hutmacher, 2010). PCL possesses
superior rheological and viscoelastic properties and can be eas-
ily manufactured and manipulated into a large range of scaffolds.
Electrospinning is a rather simple and promising technique to fab-
ricate scaffolds, since the resulting microstructures of fiber mats
are similar to the extracellular matrix (ECM) so as to facilitate
the design of surgical implants that promote tissue regeneration.
PCL has been shown to be particularly useful for the produc-
tion of electrospun fibers to mimic ECM (Cipitria et al., 2011).
However, a few challenges are encountered by using PCL as a
scaffold material, such as its hydrophobic nature, lack of bioac-
tivity and limited mechanical strength, thus many efforts have
been made to improve its properties. For example, blending PCL
with hydrophilic biopolymers is usually aimed at facilitating cell
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adhesion (Lee et al., 2008); preparing PCL-based nanocomposites
by loading inorganic reinforcing nano-fillers such as bioglass (Jo
et al., 2009), calcium phosphate (Chen & Chang, 2011; Erisken,
Kalyon, & Wang, 2008), forsterite (Diba, Fathi, & Kharaziha, 2011)
and carbon nanotube (Saeed, Park, Lee, Baek, & Huh, 2006), is
commonly trying to improve the mechanical properties of PCL-
based scaffolds. The biological materials, such as surface-modified
cellulose nanocrystals (Zoppe, Peresin, Habibi, Venditti, & Rojas,
2009) have also been reported as a reinforcing agent for PCL.
Chitin is the second most abundant biopolymer next to cellu-
lose and possesses many favorable properties such as non-toxicity,
high crystallinity, biocompatibility and biodegradability (Dufresne,
2008). Acid-treatment of chitin can dissolve away regions of
low lateral order, resulting in elongated rod-like nanoparticles,
termed “nanofibrils” (otherwise called whiskers, or nanocrys-
tals). Besides traditional acid-treatment, there are several other
approaches to obtain chitin nanofibrils (n-chitin) (Fan, Saito, &
[sogai, 2008; Ifuku et al., 2009; Kadokawa, Takegawa, Mine, &
Prasad, 2011). Muzzarelli (2011a, 2011b, 2011c, 2011d) reviewed
the recent advances in chitin nanofibril and its preparation tech-
nique in detail. Chitin nanofibril is an emerging, novel nanofiller,
and has been shown to bring about reinforcing effects on both
synthetic and natural polymeric structures (Junkasem, Rujiravanit,
Grady, & Supaphol, 2010; Lu, Weng, & Zhang, 2004; Paillet &
Dufresne, 2001; Sriupayo, Supaphol, Blackwell, & Rujiravanit, 2005;
Wongpanit et al., 2007). The good biocompatibility and biodegrad-
ability also make it one of the most promising fillers. However,
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it was thought that chitin nanofibrils could only disperse well in
aqueous solution, and disperse poorly in organic solvents, which
to some extent restricted the development of chitin nanofibril-
based nanocomposites. In a previous study (Ji, Wolfe, Rodriguez,
& Bowlin, 2012), we found that the chitin nanofibril could dis-
perse in 2,2,2-trifluoroethanol (TFE) solvent and TFE was also a
good solvent for PCL, thus we prepared n-chitin/PCL nanocompos-
ites (cast films and fiber mats) and confirmed the practicability of
using TFE as cosolvent to prepare n-chitin based nanocomposites.
In this work, we further investigated the morphologies, the ther-
mal and mechanical properties, the surface wettability as well as
biological property of the electrospun n-chitin/PCL nanocomposite
fiber mat systematically, expecting it to be a potential candidate for
a tissue engineering scaffold.

2. Experimental
2.1. Preparation of chitin nanofibril

Chitin nanofibril suspension were prepared according to
Dufresne’s method (Dufresne, 2008) with minor modification.
Briefly, chitin flakes were hydrolyzed in 3N HCl under stirring
and refluxing for 6 h. The ratio of the 3N HCI solution to chitin
was 30cm3 g1, The residue was collected after centrifugation
and treated twice with 3N HCI. Then, the residue was washed
with deionized water three times by centrifuging and decanting
the supernatant. The obtained suspension was further dialyzed
in deionized water at room temperature for 3 days, followed by
ultrasonic treatment (Whaledent Biosonic Ultrasonicator, USA) for
20 min and subsequent filtration to remove residual aggregates.
Finally, the clear suspension was lyophilized to obtain light yel-
low powders. The yield was 55%. The reason why we utilized chitin
nanofibril powders not chitin nanofibril aqueous suspension was
that the powders were easier to accurately weigh and redisperse
in solvents.

2.2. Electrospinning of n-chitin/PCL nanocomposite fiber mats

A desired amount of chitin nanofibril powders were redispersed
in deionized water by sonicating for 30 min, followed by solvent-
exchanging from water to acetone followed by centrifugation. The
paste of chitin nanofibrils was then well dispersed in TFE (TCI
America Inc., USA) by sonicating for 30 min, finally, a colloidal
suspension was obtained; PCL (M, =80 000gmol~!; Fluka, USA)
was dissolved in TFE under shaking overnight. The two parts were
mixed together and further sonicated for 30 min. A clear mixture
was then obtained. The mass ratios of chitin nanofibril filler to
PCL were controlled at 0:100, 5:95, 10:90, 15:85, 20:80, 25:75
and 30:70. The total concentration of chitin nanofibril and PCL
was kept 10 wt%, and PCL concentration varied according to chitin
nanofibril. The mixture was loaded into a 5 cm3 plastic syringe fit-
ted with 18-gauge blunt-tipped needle, and dispensed at 1 cm3 h~!
using a syringe pump. The applied potential was fixed at 20 kV, the
distance between the needle tip and the grounded mandrel (cylin-
drical, diameter=2.5cm) was 15cm, and mandrel rotation speed
was 400 rpm.

2.3. Measurement and characterization

Transmission electron microscopy (TEM) was used to evaluate
the morphology and dispersibility of chitin nanofibrils. A drop of
diluted chitin nanofibril suspension in TFE was cast onto a carbon
coated copper grid, slowly evaporated at room temperature, and
then observed on a JEOL JEM-1230 transmission electron micro-
scope.

The morphologies of electrospun fiber mats were observed on
a JEOL JSM-5610LV scanning electron microscope (SEM). The fiber
diameters and distributions were determined by the Image] 1.42
software. Means and standard deviations were determined from
80 measurements of fiber diameter.

Fourier transform infrared spectroscopy (FTIR) spectra were
measured (reflection) on a Nicolet 670 Nexus FTIR Spectrometer
at 4cm! resolution.

Wide angle X-ray diffraction (WAXD) patterns were recorded
on a PANalytical X'pert PRO diffractometer at room temperature
operated at 45 kV and 40 mA. The scan speed was 3° min~! in the
range of 5-45°.

Differential scanning calorimetry (DSC) measurements were
performed on a DSC Q20 (TA Instruments, New Castle, DE, USA).
Samples were heated from —80 to 100°C at a heating rate of
10°Cmin~! under a nitrogen atmosphere. Each test was repeated
three times and obtained data were averaged.

Thermogravimetric analysis (TGA) was carried on a STA 409PC
simultaneous thermal analysis system (Netzsch STA Instruments,
Germany) to investigate the thermal stability of the nanocom-
posites. The scanning range was 25-550°C with a heating rate of
10°Cmin~! under a nitrogen atmosphere.

Dynamics mechanical analysis (DMA) were carried out on a TA
Rheometrics Solids Analyzer (RSA-III) performing at 1 Hz frequency
and a heating rate of 5°Cmin~! from —90 to 200°C in a tension
mode. The specimens with thickness about 0.2-0.3 mm were cut
into 5 mm-wide strips using parallel blade cutter (the length setting
was 10 mm).

Static water-contact-angle (6y) was measured on a contact
anglemeter (Dataphysics Co., Germany) at ambient temperature
using the sessile drop method and image analysis of the drop pro-
file. The reported values were an average of 10 individual readings
recorded within 5s.

2.4. Scaffold seeding and culture
Circular discs, 10 mm in diameter, were punched out from n-

chitin/PCL samples and disinfected by immersing in ethanol for
10 min, followed by three rinses with sterile phosphate-buffered

Fig. 1. Transmission electron micrograph of a dilute TFE suspension of chitin nano-
fibrils (scale bar =200 nm).
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solution (PBS) for 3 min, and then placed into a 48-well culture
plate. Human dermal fibroblasts (hDF, Cascade Biologics C013-5C)
were seeded on each scaffold at a density of 100,000 cells per well
and 400 p.L culture medium (DMEM-F12 supplemented with 10%
fetal bovine serum and 1% penicillin-streptomyocin) was added
to each well. The scaffolds were then statically cultured under
standard conditions (37 °C and 5% CO, ) in an incubator. One disk of
each sample was removed after 1 and 14 days. Removed discs were
fixed in 10% formalin for subsequent evaluation of cell morphol-
ogy by SEM and fluorescent microscopy (Nikon TE300 microscope
equipped with a DXM 1200 digital camera). For SEM imaging, the
samples were dehydrated in a graded series of ethanol (50, 75 and
100%) and sputter-coated with gold. For fluorescent microscopy
imaging, the sample was cryosectioned for slide mounting and
stained by 4’-6-diamidino-2-phenylindole (DAPI) for 10 min.

3. Results and discussion

Fig. 1 shows the transmission electron micrograph of a dilute
TFE suspension prepared by redispersing chitin nanofibril powders
into TFE solvent. Within the visual field of microscope, individual
chitin nanofibrils were uniformly distributed, and the estimated
average length of chitin nanofibril was 300 nm and average width
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was 20 nm, thus, the aspect ratio L/d (L being the length and d the
width or diameter) was around 15. This analysis demonstrates that
chitin nanofibrils can redisperse well in the TFE solvent.

We found the mixtures of PCL and chitin nanofibril in TFE were
rather clear, and it was easy to electrospin PCL and n-chitin/PCL
solution or suspension in TFE on condition that the total solid con-
tent was controlled in the range of 8-10 wt%. The morphologies of
electrospun fiber mats were studied by SEM. Fig. 2 shows the typical
SEM images of electrospun neat PCL and n-chitin/PCL nanocompos-
ite fiber mats. The corresponding fiber diameter measurements are
given in Fig. 3. As shown in Fig. 2, all the fiber mats were homoge-
neous and beads within a single fiber were rarely visible. However,
the addition of chitin nanofibrils induced a significant reduction in
fiber diameter from over 1 pm (neat PCL) down to 200-400 nm
(5-30% chitin nanofibril loading). Considering the actual con-
centrations of PCL in TFE, they varied depending on the loaded
amount of chitin nanofibrils, starting at 150 mg cm~3 for neat PCL,
144mgcm3 for 5:95 n-chitin/PCL, reducing to 106 mgcm~3 for
30:70 n-chitin/PCL. Generally, the electrospinning solution with a
low solid concentration tended to produce a fiber in smaller diame-
ter. However, such a tremendous reduction in diameter in this case
could not be only explained by the influence of the solid concen-
tration. It was considered that the chitin nanofibril was positively
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Fig. 2. Scanning electron micrographs of electrospun n-chitin/PCL fiber mats (a) 0:100; (b) 5:95; (c¢) 10:90; (d) 15:85; (e) 20:80 and (f) 30:70 (scale bar=5 pm).
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Fig. 3. Effectof chitin nanofibril content on the diameter distribution of n-chitin/PCL
fibers (error bars show standard deviations based on randomly selected 80 fibers).

charged due to the presence of NH4* cations on its surface, which
were produced during the acid-treatment process. Thus, the addi-
tion of chitin nanofibrils was believed to enhance the electrostatic
charge density of electrospinning solutions and induce more exten-
sive filament stretching during jet whipping, ultimately resulting
in a significant reduction in diameter of the electrospun nanofibers.

To confirm the inclusion of chitin nanofibrils in n-chitin/PCL
fibers, all the fiber mats were subjected to analyze with FTIR spec-
troscopy. The spectra of PCL fiber mat, n-chitin/PCL (30:70) fiber
mat and chitin nanofibril powders selected as samples are pre-
sented in Fig. 4(a). The typical peaks corresponding to PCL and chitin
nanofibrils were both observed in the spectra of n-chitin/PCL fiber
mats. The characteristic peak of ester group (1724cm~1) in all the
n-chitin/PCL fiber mats were nearly the same, without any evident
changes in comparison with the neat PCL fiber mat, implying the
affinity between chitin nanofibril and PCL was relatively weak, that
is, the hydrogen-bond interaction between chitin nanofibrils and
PCL was not evident.

The WAXD patterns of the electrospun PCL and n-chitin/PCL
fiber mats are shown in Fig. 4(b). Two typical crystalline diffrac-
tion peaks at 260=~21° and ~23° for the as-spun PCL fiber mat
were attributed to (110) and (200) crystal plane, respectively,
however, an unknown peak at 20 = ~19° appeared. For all compos-
ite fiber mats, a new diffraction peak at 260 =~9° attributed to the
chitin nanofibril (02 0) crystal plane was observed and the diffrac-
tion peak at 260 =~19° gradually intensified with chitin nanofibril,
which could be ascribed to the chitin nanofibril (1 1 0) crystal plane.
However, the primary peak around ~23° attributed to the chitin
nanofibril (13 0) crystal plane was not observed individually, due
to the overlapping with that of PCL crystal plane. Apparent crys-
tal size (Lpj;) of PCL could be estimated by Scherrer’s equation:
Lpki=K\/Bcosh, where A was the X-ray wavelength of 1.54A,K
was the shape factor, often assigned a value of 0.89, Lj,; was the
average size of the crystals, & was the Bragg angle, and 8 was
the half-width of the diffraction at a scattering angle 26, assum-
ing that the finite size of crystallites dominated the broadening of
the X-ray reflections and neglecting instrumental broadening and
possible imperfections of the crystal lattice (Sebe, Ham-Pichavant,
Ibarboure, Koffi, & Tingaut, 2012). The apparent crystal sizes of PCL
were obtained from the most prominent diffraction peak (11 0).
The calculated L values showed that the crystal sizes of PCL in the
nanocomposite fiber mats were slightly lower than that in the pure
PCL fiber mat, suggesting that the introduction of chitin nanofi-
brils was deleterious for the packing of PCL molecular chains, and
resulted in smaller crystals.

The effects of chitin nanofibrils on the thermal behavior of PCL
matrix were investigated by DSC and TGA. The thermal parameters,
including the melting temperature (Tr, ), enthalpy of fusion (AHp),

Table 1
Thermal properties of electrospun fiber mats derived from DSC and TGA
thermograms.

Sample Tm (°C) AHn(Jg™) Xe? Tia (°C)
0:100 61.0 714 0.45 299.1
5:95 61.4 71.2 0.48 295.2

10:90 61.4 68.6 0.49 288.5

15:85 61.4 68.5 0.51 269.1

20:80 59.4 62.4 0.50 2739

30:70 58.7 54.6 0.50 2449

3 Xc=AHp/AHn°(1 —w), with AHy,° =157 ] g~ is the heat of fusion for 100% crys-
talline PCL (Habibi & Dufresne, 2008); w is the weight fraction of chitin nanofibril in
the nanocomposite; the melting temperature T;,, was taken as the peak temperature
of the melting endotherm.

degree of crystallinity (X¢), and onset degradation temperature (T;q)
for all fiber mats were summarized in Table 1. The incorporation
of chitin nanofibrils slightly decreased the melting temperature Ty,
(from 61.0 to 58.7 °C), whereas increased the degree of crystallinity
X, implying more but smaller PCL crystallites were formed within
the electrospun nanocomposite fibers compared to the electrospun
PCL fibers. This point was in good agreement with the above-
mentioned result of WAXD. It was thought chitin nanofibrils could
act as nucleating agents in the crystallization of PCL. Owing to the
high specificarea, PCL crystal growth was expected to be induced on
the surface of chitin nanofibrils. However, during electrospinning,
the very high shear stress and the very fast solvent evaporation
caused rapid crystallization of PCL, which on the contrary restricted
crystallite further growth. The TGA thermograms indicated the
loading of chitin nanofibrils decreased the initial decomposition
temperatures of fiber mats from 299 °C (0:100) to 245°C (30:70),
whereas the peak temperatures for the highest weight loss rate
remained constant (around 397°C) for all fiber mats. Thus, the
decreased thermal stability was due to the presence of the chitin
nanofibrils, which decomposed at lower temperature (T;q =205 °C).

In order to determine the reinforcing effect of chitin nanofi-
brils on the mechanical properties of PCL electrospun fibers, DMA
tests were conducted. Fig. 5(a) and (b) displays the plots of stor-
age tensile modulus E’ and loss angle tangent tand as a function
of temperature for all the fiber mats. At low temperature (below
—55°C), the storage modulus nearly kept constant with tempera-
ture, owing to the fact that the polymer was in the glassy state and
molecular motions were largely restricted to vibration and short-
range rotation. Around —55°C, a mild, small drop in the storage
modulus appeared for all the samples, i.e., in the glass-rubber tran-
sition zone, followed by a rubbery plateau region (—55 to 40°C), i.e.,
an amorphous, rubbery, and crystalline domains coexisting region.
This modulus drop was very small, in other words, the rubbery
modulus was relatively large, which possibly resulted from the
large degree of crystallinity of the matrix in that the crystalline
regions can act as physical crosslinks so as to increase the modu-
lus substantially. Moreover, the n-chitin/PCL nanocomposite fiber
mats presented smaller modulus drops in comparison with neat
PCL, because they had a higher degree of crystalinity as shownin the
previous DSC results. It should be noted that the storage modulus
of n-chitin/PCL nanocomposite fiber mats significantly increased
by 1-2 orders of magnitude compared to neat PCL within the tem-
perature range. This reinforcing effect mainly originated from the
loading of chitin nanofibrils. At the melting temperature of PCL
(around 50°C), the second modulus drop related to the crystalline
domains melting appeared. After this sharp modulus drop, an unex-
pected modulus plateau region occurred in some of n-chitin/PCL
nanocomposite fiber mats. The plateau modulus remained con-
stant from 50 to 80 °C, subsequently, a third modulus drop occurred
due to unrecoverable deformations in the system. Since the matrix
became viscous at this stage, this plateau region implied a stable
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Fig. 4. (a) FTIR spectra of electrospun PCL, n-chitin/PCL fibrous mesh and chitin nanofibril powders and (b) WAXD patterns of electrospun PCL and n-chitin/PCL fiber mats.
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rigid phase existed in the fused matrix, i.e., a rigid chitin nanofibril
structure. Furthermore, the plateau modulus value increased with
the chitin nanofibril loading, though if loading was less than 15 wt%
the plateau region did not occur. It was considered that the chitin
nanofibrils possibly located within the PCL matrix and arranged
themselves along the fiber long axis, which had been proved in our
previous study (Ji et al., 2012). When the PCL matrix melted, the
rigid chitin nanofibrils could be as fiber’s framework to keep mod-
ulus constant to a certain degree; however, the chitin nanofibrils
lying in different fibers could not form a network structure due to
‘disconnect’ and also they could not rearrange themselves into a
network within the viscous matrix, therefore, the modulus sharply
dropped again at around 80°C. Fig. 5(b) displays three peaks at
~-55°C,~50°Cand ~80 °C, which were directly linked to the three
modulus drops, i.e., the glass-rubber transition zone, the rubber-
viscosity flow transition zone, and the unrecoverable deformation
zone, respectively.

Chitin is more hydrophilic than PCL, hence the addition of
chitin nanofibrils into PCL will possibly change the wettability
of the nanocomposites. Considering this point, the static water-
contact-angle measurement was used to evaluate the surface
wettability of the nanocomposites filled with different amount of

chitin nanofibrils. As shown in Table 2, the contact angle of the
nanocomposite fiber matloaded with 5 wt% chitin nanofibrils unex-
pectedly increased in comparison with neat PCL, and the contact
angle value continued to increase until chitin nanofibril loading up
to 15 wt%, and thenit started to decrease. When the chitin nanofibril
content was up to 25 wt%, the contact angle substantially decreased
to less than 90°, and ultimately attained fully wettability as the
chitin nanofibril content increased up to 30 wt%. It was believed
that the contact angle was not only dependent on the material com-
position but dependent on the surface morphology. Generally, the
surface contact angles of fiber mats are usually larger than that of
smooth surfaces in that the liquid-solid contact area decreases and
the liquid-air contact area increases when a drop of water is placed
on the surface of fiber mat (Cipitria et al., 2011). The finer fibers will
produce a smaller liquid-solid contact area, leading to a higher con-
tact angle. It can be said that the composition and the fiber diameter
together determine the contact angles of fiber mats. In our case, the
fiber diameters significantly decreased as long as chitin nanofibrils
were incorporated. Initially, the chitin nanofibril content was low,
and the fiber diameter became the dominant factor and leaded to
the increase of contact angles. However, when more hydrophilic
chitin nanofibrils were loaded, the composition factor exceeded the

Table 2

The measurement results of static water contact angle for n-chitin/PCL fiber mats.
Sample 0:100 5:95 10:90 15:85 20:80 25:75 30:70°
Contact angle () 117.8 1234 126.1 125.8 122.0 83.9 -

Image

2 8 0 0 O -~ =

3 When a drop of water was placed on the sample, the drop disappeared immediately and left a water mark. This image was a snapshot.
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Fig. 6. Scanning electron microscopy micrographs of the surface (a) and cross-section (b) of n-chitin/PCL fiber mats (30:70) cultured over a period of 14 days; corresponding
fluorescence microscopy images of the cross-section over a period of 1 day (c) and 14 days (d); fluorescence microscopy images of the cross-section of PCL fiber mats cultured
over a period of 1 day (e) and 14 days (f). Insets are the images under nature light (scale bar is set to 100 wm).

surface morphology factor and dominated the surface wettability,
ultimately producing a fully hydrophilic surface.

The effect of the incorporation of chitin nanofibril into PCL
matrix on cell attachment and proliferation was preliminarily
evaluated by seeding human dermal fibroblasts on the fiber mat
scaffolds for periods of 1 and 14 days in vitro. Fig. 6(a) and (b)
shows the surface and cross-section morphologies of the scaffold
(30:70) cultured for 14 days. According to the micrographs, the cells
not only spread on the surface of scaffold, but also penetrated and
migrated inside the scaffold. It was difficult to differentiate indi-
vidual cell in Fig. 6(b). It seemed that several cells grew together.
For more convincing, fluorescent microscopy was used to verify
whether they were cells in Fig. 6(b). Fig. 6(c) and (d) depicts the
fluorescence microscopy images of the cross-section of scaffold
(30:70) cultured for periods of 1 and 14 days. At day 1, cells just
attached on the surface of scaffold, but at day 14, cells infiltrated
into the scaffold, which was coincident with the SEM observa-
tion. As a contrast, the fluorescence microscopy images of the
neat PCL scaffold cultured for periods of 1 and 14 days are pre-
sented in Fig. 6(e) and (f), respectively. Obviously, there was no
evidence that cells infiltrated into the scaffold. Thus, the addition
of chitin nanofibrils to PCL matrix could highly improve the cellular
infiltration and migration as well, indicating a 3D cell growth.
Commonly, the pores formed in the electrospun fibrous struc-
ture are smaller than the normal cell size of about 10-15 wm,
which can inhibit cell infiltration. However, several studies (Li,
Laurencin, Caterson, Tuan, & Frank, 2002; Shabani, Haddadi-Asl,
Seyedjafari, Babaeijandaghi, & Soleimani, 2009; Zhang, Ouyang,

Lim, Ramakrishna, & Huang, 2005) indicated that when cells per-
formed amoeboid movement to migrate through the pores, they
could push the surrounding fibers aside to expand the hole in that
the small and loosely stacked fibers offer little resistance to cell
movement. Thus, the cell was able to penetrate into the electro-
spun mat even though pores were smaller than the size of the cell.
The main reason probably is that appropriate hydrophilicity and
biochemical signals can promote cell-matrix interaction and hence
facilitate cell ingrowth. In this regard, the current n-chitin/PCL
nanocomposite fiber mat exhibited a surprising performance
for cell infiltration. This could be explained by the change of
surface wettability. In the contact angle tests mentioned previ-
ously it was proved that the surface hydrophilicity of scaffolds
was highly improved if chitin nanofibril loading was more than
25 wt¥%, which facilitated fibroblasts attachment and infiltration. In
addition, chitin based materials were reported to have biochemical
activities such as polymorphonuclear cell activation, fibroblast acti-
vation, cytokine production, giant cell migration and simulation of
type IV collagen synthesis (Jayakumar et al., 2011). The bioactivity
of chitin might be another reason for promoting cell ingrowth, but
it needs to be further investigated.

4. Conclusions

In this study, the nanocomposite fiber mats based on biodegrad-
able polycaprolactone and chitin nanofibrils were successfully
fabricated by means of electrospinning. The addition of chitin
nanofibrils into PCL matrix produced some positive influence on
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the mechanical and biological properties. For examples, the fiber
diameter significantly decreased, the degree of crystallinity slightly
increased, the storage modulus highly improved, the surface
hydrophilicity increased, and the cell attachment and infiltration
improved. In brief, it was confirmed the chitin nanofibril was a
potential reinforcing and bioactive filler for PCL.
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