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A Unique High Mechanical Strength Dialdehyde Microfibrillated 

Cellulose/Gelatin Composite Hydrogel with Giant Network 

Structure 

Xuejing Zheng*, Qiannan Zhang, Jie Liu, Ying Pei, and Keyong Tang* 

Microfibrillated cellulose (MFC) with diameters less than 100 nm and three-dimensional network structure was produced 

through high-pressure homogenization. MFC was surface modified by periodate to prepare dialdehyde microfibrillated 

cellulose (DAMFC). DAMFC/gelatin composite hydrogel was prepared by mixing DAMFC with gelatin solution. Schiff base 

was formed through the reaction between the aldehyde groups of DAMFC and amino groups of gelatin; therefore, a giant 

three-dimensional network structure was formed in the composite hydrogel. Since the nano reinforcing agent DAMFC was 

covalently bonded to the matrix gelatin, load could be efficiently transferred through the giant network, therefore, the 

composite hydrogel presented extremely high mechanical properties. The compression strength of DAMFC/gelatin 25/75 

(wt/wt) hydrogel dramatically increased to 1.63 MPa, 41 times of the pure gelatin. Morphology observation revealed that 

the pore size of the composite hydrogel could be regulated by DAMFC oxidation level. The composite scaffold 

demonstrated a good swelling capacity and could successfully maintain its shape in buffer solution. It should be noted that 

the giant network is different from the double network or fiber reinfoced hydrogel. The present work shows that by 

forming a giant network structure through the chemical crosslinking with reinforcing agent itself, an extremely high 

mechanical strength composite hydrogel would be obtained. 

Introduction, Results and discussion, 

Experimental 

Soft and wet hydrogels, consisting of three-dimensional cross-linked 

macromolecules and a large amount of water, possess many unique 

properties such as low sliding friction, swelling/deswelling and 

stimuli-responsiveness.1,2 Owing to the similarity between 

hydrogels and soft tissues in human body, e.g. cartilage, tendon, 

ligament, and muscle, hydrogels have drawn great attention as 

biomaterials, such as artificial bio-organs and extra-cellular matrix. 

However, most hydrogels are soft, weak, and brittle. They usually 

fail at a tensile stress less than sub-MPa. The fracture energies of 

conventional hydrogels are reported about 10 J/m2,  much smaller 

than those of cartilage (~1000 J/m2).3 Svensson et al. prepared  a 

scaffold using bacterial cellulose (BC) and chemical modified BC as 

matrix, and compositing with collagen respectively, the 

compression strength of them not exceed 100 kPa.4
 The weak, 

brittle mechanical characteristic of hydrogel limits the extensive 

application in many areas. 

One reason for the lack in mechanical strength of a hydrogel is 

its solution-like nature and heterogeneous structure, stress 

always concentrated around the shortest chain when force is 

applied, leading to a failure of the sample at a very low force. 

Many efforts have been made to improve the mechanical 

properties of hydrogels.3-6 For instance, double network 

hydrogels have been demonstrated to achieve high mechanical 

strength and high mechanical toughness.7-13 The double 

network hydrogel consists of tow polymer networks with 

contrasting physical properties: a densely crosslinked strong 

polyelectrolyte (rigid and brittle skeleton) network in low 

concentrations and a sparsely crosslinked neutral polymer 

(soft and ductile substance) networks in high concentration. 

Extensive experimental and theoretical studies have shown 

that the toughening of the double network gel is based on a 

local yielding mechanism. The rigid brittle polyelectrolyte 

serves as a “sacrificial bond” during fracture.10 

Cartilage is a type of connective tissue with a tough, flexible matrix 

made primarily of collagen and other proteins.14 The poor healing 

potential of articular cartilage has been a well-known concern in 

orthopedic surgery. Tissue engineering has emerge from the use of 

biomaterials which replace small area of damaged tissues to three-

dimensional matrices which can act as cell carries as well as signal 

provides for regeneration.2,15 Scaffolds represent one of the key 

components for tissue engineering approach.16 Numerous 

biomaterials have been investigated as scaffolds for cartilage repair, 

including natural and synthetic materials. Scaffolds formed from 

proteins are particularly suited for tissue engineering as they 
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comprise the structural basis for extracellular matrices of tissues. 

Moreover, in protein scaffolds, cell adhesion molecules (integrins) 

can directly bind to the scaffold material. Fibrous protein (collagens, 

silks) in particular are attractive, due to their architectural features 

and impressive mechanical properties. Amongst these, collagen and 

gelatin are widely used due to their chemical and structural 

similarity to cartilage.17-20 However, as most natural polymeric 

materials, gelatin scaffold lacks mechanical properties and shows 

rapid degradation in vivo. Extensive research has focused on 

mixtures of gelatin with other biological materials for a composite 

with improved mechanical properties and stability. 

Cellulose-based scaffold is also attractive for cartilage tissue 

engineering.21 Cellulose is a large, linear-chain polymer with an 

abundance of hydroxyl groups, good biocompatibility, and 

unique physicochemical properties. It is known that natural 

plant fibers have a complex hierarchical structure. A single 

plant fiber (usually 100–200 μm in width) is actually a bundle 

of fibrils. One fibril is composed of many microfibrils, and one 

microfibril is composed of hundreds and thousands of 

cellulose chains. Natural fibers can be processed in different 

ways to yield reinforcing elements with different mechanical 

properties. If the diameter of cellulose fibrils is decreased to 

submicro- or nanoscale, it shows extraordinary reinforcing 

effect.22,23 Various nanocellulose such as microfibrillated 

cellulose24-26, bacterial cellulose (BC)27-30 and their 

derivatives31-34 have been investigated. Especially, 

microfibrillated cellulose (MFC) with large aspect ratio and 

web-like structure has recently attracted a lot of interest due 

to its super properties, such as high mechanical properties, 

high expanded surface area, very high aspect ratio and light 

weight.23,35 Furthermore, the many free reactive hydroxyl 

groups exposed at the nanocellulose surface can be employed 

for various chemical modification and functionality to the 

material, through chemical derivatization or post-

functionalization. Chang et al. proposed the method of using 

transglutaminase, genipin and EDC as the crosslinking agents 

to prepare the bacterial cellulose/gelatin composite to 

enhance its physical properties.36 Gao et al. reported the 

immobilization of gelatin onto bacterial cellulose without 

utilization of any crosslinking agent. 34 

In this paper, we present a method to synthesize a unique high 

mechanical strength dialdehyde microfibrillated cellulose 

(DAMFC)/gelatin composite hydrogel in which DAMFC containing 

network strucutre acts as both a reinforcing agent and a 

crosslinking agent. In detail, MFC with fine three-dimensional 

network structure was prepared by high pressure homoginization. 

DAMFC retaining the fine network structure was obtained from 

MFC by surface oxidation by periodate. Blending DAMFC with 

gelatin, the aldehyde groups of DAMFC reacted with the free amine 

groups of gelatin through Schiff’s base and a giant network was 

therefore formed. The mechanical properties, morphology, and 

swelling behavior of the DAMFC/gelatin hydrogel were 

systematically investigated. The present work shows that, by 

forming a giant network structure, biomass-based hydrogels with 

dramatically enhanced mechanical strength could be obtained. The 

giant network is different from the double network or fiber 

reinfoced hydrogel. This work may provide a new method to 

prepare high mechanical property hydrogel. 

Experimental 

Materials 

Materials 

Microcrystalline cellulose (MCC) was supplied by Xufu Tianli 

Pharmaceutical Dressing Co., China. Gelatin (Bloom 240) was 

from Aladdin. Other chemical agents were analytically pure. 

Preparation of microfibrillated cellulose (MFC) 

MFC was prepared by high pressure homogenizing method 

following an alkali pretreatment. In brief, MCC and a 10% 

NaOH solution were put into a beaker and stirred for 2 h at 

60°C. Then MCC was washed thoroughly with distilled water to 

remove NaOH. The alkali-pretreated MCC suspensions were 

homogenized at pressure of 1000 bar for 30 passes with a 

high-pressure homogenizer (APV2000, SPX Flow technology 

Rosista GmbH, German). White milky MFC suspension was 

obtained. 

Preparation of dialdehyde microfibrillated cellulose (DAMFC) 

MFC was surface oxidized into DAMFC by NaIO4 with the 

weight ratio 1:10, 3:10, 5:10, 7:10, 9:10 of NaIO4: MFC. Proper 

amount of NaIO4 was added into MFC suspension. The mixture 

was stirred for 48 h in absence of light at 25°C. Then the 

resulting products were dialyzed (the molecular weight cutoff 

of dialysis membranes is 8,000-14,000) against deionized 

water for 2 days to remove the residual NaIO4. The final 

DAMFC suspension was stored at 4°C for further use, and its 

concentration was determined by a weight method.  

The oxidation level of DAMFC was expressed by carbonyl 

group content. The carbonyl group content of DAMFC was 

determined by copper titration.31,36 Copper number (Cu#) is 

defined as the number of grams of metallic copper (as Cu2O) 

resulting from the reduction of CuSO4 by 100.00 g of DAMFC. 

In brief, 1.500 g DAMFC was added into 5.00 mL CuSO4 

solution and 95.00 mL Na2CO3-NaHCO3 buffer solution. Then 

the mixture was kept at 100°C for 3 h with slow stirring. The 

resulting mixture was cooled, filtered with Büchner funnel with 

suction. The DAMFC was washed with 100 mL 5% Na2CO3 

solution and then flooded with 250 mL of hot water at 95°C. 

DAMFC along with the filter paper were transferred to a 500 

mL beaker, and 25 mL of the phosphomolybdic acid was added. 

Then the mixture was transferred to a Büchner funnel and 

washed thoroughly with water. The filtrate was collected and 

diluted with deionized water, then titrated with 0.05 N KMnO4 

until the solution color turned to faint pink. A blank test was 

also performed following the same procedure for MFC. The 

average of three tests was recorded. The carbonyl group 

content was calculated according to equation (1): 

Copper number (Cu#) =	
�.��	����	


�
     (1) 

where V is the volume of KMnO4 solution to titrate the filtrate 

from the specimen, mL; B is the volume of KMnO4 solution to 

titrate the blank filtrate, mL; N is the normality of KMnO4, 

0.05N; W is the weight of DAMFC, g. 
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The copper number of each sample was measured in duplicate 

with an error of less than ±5%. The copper number is an 

indication of aldehyde groups in fibers. It has been reported 37 

that there is a linear relationship between the carbonyl group 

content and copper number shown in equation (2). 

Carbonyl group content (mmol/100 g DAMFC) = 

(Cu#−0.07)/0.6    (2) 

Preparation of DAMFC/gelatin composite hydrogel 

A mixture was prepared by adding gelatin (5.00 g) into a 

certain amount of DAMFC suspension (DAMFC/gelatin=15/85 

wt/wt). Keeping DAMFC/gelatin ratio constant, DAMFC 

(NaIO4:MFC=1:7) was mixed with 5.00 g gelatin with quality 

ratio of 5/95, 10/90, 15/85, 20/80 and 25/75, respectively. The 

mixture was kept at 40°C with slow stirring for 2 h. Ultrasonic 

vibration was used to remove air bubbles. The mixture was 

poured into six-well plates at room temperature and kept for 

12 h to form hydrogels. 

FTIR characterization 

MFC, DAMFC, and the lyophilized scaffolds were ground into 

powder. The samples were mixed with KBr and compressed 

into tablets. The infrared spectra of the samples were 

characterized with a Fourier transform infrared analyzer 

(Thermo Nicolet IR200). 32 scans were signal-averaged with a 

resolution of 4 cm-1. 

X-ray diffraction (XRD) 

XRD was performed on a PANalytical X’Pert Pro X-ray 

diffraction (Netherlands) with Cu Kα radiation (λ=1.54178Å). 

The 2θ range was from 3° to 60° in step of 0.033° with a count 

time of 100 s.  

Morphology characterization 

The samples were quickly frozen using liquid nitrogen and then 

lyophilized for 24 h. Before SEM observation, all the samples 

were broken in liquid nitrogen. The fracture surface was 

sprayed with platinum and observed with a scanning electron 

microscope (Quanta-200, FEI, USA.). 

Mechanical property measurements 

The mechanical properties tests of cylindrical hydrogel 

samples with a diameter of 22 mm and height of 18 mm were 

measured using a universal mechanical testing machine, 

CMT5140. The tests were carried out at a compression speed 

of 1.5 mm/s until the hydrogel broke down. The average of at 

least five tests was reported. 

Swelling experiments 

Swelling experiments were performed by immersing 

lyophilized scaffolds in PBS (pH=7.4) buffer solution at 37°C 

until swelling equilibrium. The swelling capacity Me of the 

composite scaffolds was calculated by equation (3): 

Me (%) = (Wt-W0)/W0 ×100                (3) 

where Wt is the weight of swollen hydrogel at the adsorption 

time t, g; and W0 is the weight of lyophilized scaffold before 

absorbing water, g.  

 

Results and discussion 

Model of giant network structure construction 

Fig. 1a shows the schematic that MFC undergo oxidative cleavage in 

presence of NaIO4 at the C2-C3 glycol bond and resulting in 

dialdehyde groups. The cross-linking reaction occurs between the 

aldehyde group in DAMFC and the free ε-amino groups of the lysine 

and hydroxylysine present in gelatin via the Schiff base as shown in 

Fig. 1b. 

The model in Fig. 2 illustrates the construction process of the giant 

network. First, three-dimensional fine network structure is 

constructed in MFC by high pressure homogenization. Then MFC is 

oxidized by periodate to prepare DAMFC with abundant aldehyde 

groups. Since the oxidation takes place in MFC suspension, only the 

surfaces of MFC microfibrils are oxidized. DAMFC remains the 

microfibril shape and three-dimensional fine network structure. 

When DAMFC microfibrils were mixed with gelatin, a Schiff base 

was formed through the crosslinking reaction between the 

aldehyde groups of DAMFC and amino groups of gelatin. As a result, 

a giant network structure forms throughout DAMFC/gelatin 

composite hydrogel.  

 

 

 

 

 

 

Fig. 1 The schematic diagram of the preparation of DAMFC (a) and DAMFC/gelatin composite hydrogel (b). 
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Fig. 2 Model of the giant network construction in DAMFC/gelatin composite hydrogel. 

 

Carbonyl group content 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Aldehyde group content of DAMFC. 

Fig. 3 shows the aldehyde content of the DAMFC increased with the 

weight ratio of NaIO4 to MFC. When the weight ratio of NaIO4: MFC 

is 1:10, the content of aldehyde groups on DAMFC have an 

observably increase compared with MFC, this maybe the oxidized 

region was happened on the non-crystalline region initially when 

the oxidizing agent is not enough. With the NaIO4 concentration 

increasing, the content of aldehyde groups increased almost 

linearly. This maybe the non-compact site of the crystalline region 

was oxidized gradually with the increased of the concentration. 

After high pressure homogenizing and oxidation process, the 

DAMFC with high aspect ratio and more reaction groups are apt to 

form steady network structure and show strength behavior for 

scaffold applications. 

FTIR analysis 

Fig. 4 shows the FTIR spectra of MFC, DAMFC, gelatin and 

DAMFC/gelatin. Compared with MFC, DAMFC exhibited two 

additional bands around 1730 cm-1 attributing to carbonyl 

groups and 790 cm-1 corresponding to the bending vibration of 

–CH of the aldehyde group, suggesting a successful oxidization 

reaction in DAMFC macromolecular chains. In the spectrum of 

pure gelatin, we can observe the typical bands such as 1653 

cm-1 for the amide I mainly associated with the C=O stretching 

vibration, N-H bending vibration at 1543 cm-1 for the amide II 

and N-H deformation at 1238 cm-1 for the amide III band.39 

When gelatin is mixed with DAMFC, a Schiff base is formed 

between the amino groups of gelatin and aldehyde groups of 

DAMFC. C=N stretching vibration of Schiff based is in the 1650-

1600 cm-1 region, however, this peak is covered by the amide I 

band of gelatin. The peak at 1730 cm-1 is no longer observed in 

DAMFC/gelatin spectrum. It indicates that the carbonyl groups 

of DAMFC have been consumed due to the Schiff base 

reaction. 
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Fig. 4 FTIR spectra of MFC, DAMFC, gelatin, and DAMFC/gelatin 

XRD analysis  

X-ray diffraction is a method used generally to evaluate the 

degree of crystallinity of materials. The XRD characterization of 

lyophilized hydrogels scaffold was carried out and the results 

are shown in Fig. 5. In general MFC shows several typical 

cellulose crystalline peaks in the 2θ range of 10-40°.40 The 

peak at 14.5° is a composite of the (100) triclinic and the )011(  

monoclinic diffractions. Peak at 16.6° is the composite of (010) 

triclinic and the (110) monoclinic diffractions. Peak at 20.4° is 

the composite of )211(  triclinic and the (012)(102) monoclinic 

diffractions. Peak at 22.6° is the composite of (110) triclinic 

and the (200) monoclinic diffractions. Peak at 34.4° is the 

composite of )321( )411(  triclinic and the (023)(004) monoclinic 

diffractions.41 It can be seen that DAMFC shows diffraction 

peaks similar to MFC, however, the peak at 20.4° disappears, 
maybe the result that the oxidation process destroys the cellulose 

crystalline region, leading to the decrease in relative crystallinity. 

Moreover, the diffraction peaks of DAMFC are generally 

weaker than those of MFC, suggesting a decreased crystalline 

region due to oxidization.32 Pure gelatin exhibits the diffraction 

peak at 7.8° and 21.8°. MFC/gelatin shows diffraction peaks at 

7.8° and 22.6°. While in DAMFC/gelatin, a wide peak seems 

composed of peaks around 20.2° and 21.8° is observed. It 

indicates that the Schiff base reaction in DAMFC/gelatin 

changed the crystalline structure of the sample.  
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Fig. 5 XRD patterns of MFC, DAMFC, gelatin, and the composites. 

Morphological Characterization 

Fig. 6 shows the SEM images of MCC, MFC and DAMFC. It is 

seen from Fig. 6a that rod-like MCC has width of about 10-30 

µm and length of about 40-50 µm. After the high-pressure 

homogenization, the original rod-like structure of MCC was 

changed and MFC with uniform and fine microfibrils were 

successfully obtained. These microfibrils with diameters less 

than 100 nm do not break during the high-pressure 

homogenizing but connect with each other and presented a 

web-like structure (Fig. 6b). Fig. 6c shows the morphology of 

DAMFC. It is seen that DAMFC still remains the microfibrillar 

structure and the three-dimensional network structure after 

oxidation.  
The hydrogels were lyophilized and the morphology was 

characterized by SEM. The results are shown in Fig. 7. Three-

dimensional porous structures are observed throughout the 

entire scaffold with pore size ranging from 10 to 50 μm. This 

type of structure could provide a platform for cell adhesion 

and proliferation. It is seen that the carbonyl group content of 

DAMFC exerts obvious influence on the pore size of 

DAMFC/gelatin composite hydrogels. With the carbonyl group 

content increases, the average pore size decreases. It indicates 

that the higher oxidation level results in a higher crosslinking 

degree between DAMFC and gelatin and therefore a denser 

network density. The dense giant network leads to a 

decreased pore size. It is seen that the pore size and pore 

structure of the composite hydrogels could be regulated by 

DAMFC oxidation level.    

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 SEM images of (a) MCC, (b) MFC, and (b) DAMFC. 
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Fig. 7 SEM images of lyophilized hydrogels. (a) MFC/Gel 15/85, (b-f) DAMFC/Gel 15/85 with different carbonyl group content.  

(The carbonyl group content of DAMFC from b to f is 0.836, 1.069, 1.302, 1.471, and 1.725 mmol/100g, respectively) 

Mechanical property measurements 
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Fig. 9 Compression strength of composite 

hydrogels with differenct DAMFC content. 

(DAMFC carbonyl group content 1.471 

mmol/100 g) 

Fig. 10 Compression strength of composite 

hydrogels with differenct DAMFC carbonyl 

group content. (DAMFC content 15 wt%) 
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Compression test were performed to assess the mechanical 

strength of the hydrogels. The results are shown in Figs. 8 and 

9. Fig. 8 is the typical stress-strain curves of the composite 

hydrogels. Due to the higher mechanical strength and the 

web-like structure, it is seen that the compression stress of 

MFC/gelatin hydrogel is enhanced compared to the pure 

gelatin hydrogel, indicating that the cellulose is helpful to 

improve the mechanical properties of the hydrogel acting as a 

reinforcing filler. The addition of DAMFC dramatically increases 

the stress as well as the strain of the composite hydrogel. Fig. 

9 shows the influence of DAMFC content on the compression 

strength of the composite hydrogel. It is seen that the addition 

of DAMFC dramatically increases the compression strength of 

the composite hydrogels. Especially when the content of 

DAMFC is higher than 10 wt%, a remarkable increase in 

mechanical strength is presented. For instance, the 

compression strength of DAMFC/gelatin 25/75 composite 

hydrogel increases to 1.63 MPa, 41 times of the pure gelatin 

hydrogel. Fig. 10 shows the compression strength of 

composite hydrogels with various carbonyl group content of 

DAMFC. At low oxidation level, the addition of DAMFC does 

not increase the mechanical strength obviously. However, at 

higher carbonyl group content, the compression strength 

increases dramatically. At carbonyl group content of 1.725 

mmol/100 g, the compression strength of DAMFC/gelatin 

15/85 is 1.53 MPa, more than 38 times of 0.04 MPa for 

MFC/gelatin hydrogel. It is seen that the giant network 

structure formation indeed enhances the mechanical strength 

of the composite hydrogels. It can be understood that when 

the aldehyde groups of DAMFC react with the amino groups of 

gelatin, a giant network forms in the system. DAMFC 

microfibrils act both as reinforcing agent and crosslinking 

agent. Since reinforcing agent DAMFC are linked covalently 

with gelatin macromolecular chains, load can be transferred 

efficiently throughout the giant network. Therefore, DAMFC 

microfibrils can bear the stress effectively and give full play as 

a reinforcing agent. With the content or the carbonyl group 

content of DAMFC increasing, the amount of aldehyde groups 

increase and therefore leads to a dense crosslinked giant 

network in the composite hydrogels. This results in a 

substantial increase in mechanical strength.  

Zimmermann et al. 42 used MFC to reinforce hydroxypropyl 

cellulose (HPC). Due to the lack of effective interaction 

between the reinforcing agent and matrix polymer, the 

reinforcing effect of MFC hardly displayes fully. In their work 

the modulus of elasticity of HPC could be increased up to 3 

times with 20 wt% of MFC. Chen et al. 43 reported strong 

collagen hydrogels by aldehyde-functionalized dextran 

modification. The resulting collagen/aldehyde-functionalized 

dextran (Col/DAD) hydrogels are much stronger and show 

better thermostability than the pristine collagen hydrogel. The 

maximum compressive strength of the Col/DAD hydrogel is 

32.5 ± 1.6 kPa, which is about 20 times more than that of the 

pristine collagen hydrogel. In our work, the compression 

strength of DAMFC/gelatin is 41 times of the pure gelatin. It is 

seen that due to the microfibrillar and three-dimensioanl 

structure of DAMFC together with the giant network 

generated by the chemical crosslinking reaction between the 

reinforcing agent and matrix, DAMFC/gelatin composite 

hydrogel shows much higher mechanical strength than similar 

network in the literature. 

Swelling experiments 

The swelling ability of the scaffold is an important aspect to 

evaluate its property. It has been indicated that rapid swelling 

behavior in scaffold is contributed to cells adsorption and 

growth, and is closely related to the degree of crosslinking. Fig. 

11 shows the influence of DAMFC oxidation level and DAMFC 

content on the swelling behavior of the composite hydrogels. 

Fig. 11a shows the swelling behavior of DAMFC/Gel 15/85 with 

various carbonyl contents in PBS buffer solution (pH 7.4) at 

37°C. It is seen that MFC/gelatin cannot keep its shape in 

buffer solution and break down into small pieces quickly in half 

an hour. At low oxidation level (carbonyl group degree <1.069 

mmol/100g), DAMFC/gelatin composite scaffold also break 

into pieces in PBS in less than 10 h (the “×” in figure 

represents that the sample starts to break in PBS), not 

available for practical application. Only at higher carbonyl 

group degree do the scaffolds keep their shape in PBS for more 

than 50 h, indicating a greatly improved stability in PBS. At 

carbonyl group content higher than 1.302 mmol/100g, the 

swelling capacity of the scaffold decreases with the carbonyl 

group content increasing. Fig. 9b shows the influence of 

DAMFC content on the swelling capacity of the composite 

scaffold. It can be seen that pure gelatin breaks into pieces 

quickly in water and could not continue the swelling 

experiment. In DAMFC/gelatin systems, with the content of 

DAMFC increase, the swollen scaffolds could maintain their 

shape for longer time with a lower swelling ratio. This is 

attributed to the fact that the increase of DAMFC content 

leads to a higher crosslinking degree and a dense network 

structure in the system. Consequently, the polymer network 

has a lower available hydrodynamic free volume to 

accommodate the water molecules, thereby decrease the 

matrix swelling. The mobility and relaxation of the polymer 

chains are hindered and the available free space decreases, 

which in turn impede the diffusion of water molecules, 

lowering the swelling ratio. The results in Fig. 8 indicate that it 
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is possible to regulate the swelling behavior of the composites by changing the oxidation level or the content of DAMFC. 
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Fig. 11 Swelling behavior of lyophilized DAMFC/Gel composite scaffolds. (The number in the parentheses is the carbonyl group content of DAMFC.) 

(a) with various DAMFC carbonyl group content, (b) with various DAMFC content  

Conclusions 

Dialdehyde microfibrillated cellulose (DAMFC) with three-

dimensional network structure can be successfully prepared 

from MFC by surface oxidation with periodate. Owing to its 

unique morphology and reactive aldehyde groups, DAMFC can 

play the role as a reinforcing agent as well as a crosslinking 

agent. When DAMFC is mixed with gelatin, Schiff base is 

formed through the reaction between the aldehyde groups of 

DAMFC and amino groups of gelatin, and therefore endows 

the composite hydrogel with a giant network structure. Since 

DAMFC is covalently bonded to gelatin, load could be 

transferred efficiently in the giant network from matrix gelatin 

to reinforcing agent cellulose microfibrils, DAMFC/gelatin 

composite hydrogels showed dramatically enhanced 

mechanical strength. The composite scaffolds exhibited a 

three-dimensional network structure and the pore size could 

be regulated by the oxidation level of DAMFC. The composite 

scaffolds show a good swelling capacity and could successfully 

maintain its shape in PBS buffer solution. The present work 

shows that, by forming a giant network structure through the 

chemical crosslinking with reinforcing agent itself, an 

extremely high mechanical strength composite hydrogel would 

be obtained. The investigated DAMFC/gelatin hydrogel can be 

a promising candidate in tissue engineering, e.g. cartilage 

tissue engineering scaffold. 
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