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Abstract: The development of biomaterials for the regeneration of tissues is of great importance, and 

their demand increases every day, due to the increase of the aging population, the expectation, and 

quality of life, as well as the increase of the accident rates (traffic and violence). Scaffolds are a three-

dimensional structure designed to withstand cellular infiltration, growth, and differentiation in order to 

improve the development and formation of new tissues. Many biomaterials can be used to make these 

structures, such as bioceramics and biopolymers. However, few studies have been conducted to evaluate 

its microbiological contamination and the influence of sterilization methods may have on the structure 

and properties. The objective of this work was to evaluate different sterilization processes and their 

influence on the physical-chemical properties of Scaffolds made with calcium phosphate and bacterial 

cellulose. Three sterilization techniques (steam sterilization, ultraviolet radiation sterilization, and 

microwave sterilization) were evaluated. The results showed that steam sterilization was effective in 

eliminating microorganisms. Microwave sterilization significantly reduced the amount of CFU / mL, 

while ultraviolet radiation sterilization did not show efficacy. Changes in the physical-chemical 

properties of the Scaffolds evaluated after sterilization was not observed, except a slight darkening in 

the samples treated by steam sterilization or treated by microwave sterilization due to the presence of 

sodium alginate in the formulation. It was concluded that the steam sterilization process was the most 

effective.  

Keywords: sterilization process; scaffolds; calcium phosphates; bacterial cellulose; statistical 

analysis. 
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1. Introduction 

The demand for biomaterials for tissue regeneration increases every day due to factors 

such as the increasing aging of the population, the expectation and quality of life, and the 

increase in accidents (traffic and violence) [1-3]. Scaffolds are three-dimensional structures 

designed to resist cell infiltration, growth, and differentiation in order to enhance the 

development and formation of new tissues. Many biomaterials are used to make these 
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structures, including bioceramics and biopolymers [4-8]. At the same time, many technologies 

have been studied to make these materials [9-18]. 

Within the process of making Scaffold for ʺIn vivoʺ use, a fundamental step should be 

the sterilization process. Sterilization is a process by which a product is free from 

contamination by living microorganisms. One of the characteristics that biomaterials must 

possess is that they must be biodegradable, being materials that become targets of 

microbiological contamination. When biodegradable structures are sterilized, the chosen 

sterilization technique must maintain the structural, physical-chemical, mechanical, and 

biochemical properties of the Scaffolds, ensuring that they will fulfill the intended purposes 

after sterilization [5]. However, despite the importance of this stage in the process of making 

Scaffold, few works are reported in the literature in which the influence of sterilization on the 

properties of Scaffolds is evaluated [5, 19-25]. The objective of this work was to evaluate 

different sterilization processes and their influence on the physical-chemical properties of 

Scaffolds made with calcium phosphate and bacterial cellulose. 

2. Materials and Methods 

 The elaboration of the scaffolds was carried out by applying the methodology described 

by Tiomno et al. [26].  

2.1. Study of sterilization of scaffolds. 

Three types of sterilization were evaluated: microwave sterilization, steam sterilization, 

and ultraviolet radiation sterilization. In all cases, 12 samples were sterilized (10 for biological 

evaluation and 2 for chemical evaluation). 

2.2. Microwave sterilization. 

The samples were placed inside conventional microwave equipment. The microwave 

was applied for 5 minutes at a power of 100 Watts [21]. 

2.3. Steam sterilization. 

The samples were placed in a vertical autoclave, brand FABBE, model 103. The 

scaffolds were sterilized under the pressure of 1 atm and a temperature of 121 ° C for 20 

minutes [5]. 

2.4. Sterilization by ultraviolet irradiation. 

The samples were sterilized under ultraviolet light, brand FLUOR 30W GL 

GERMICIDA, manufacturer LUCMAT LAMPS. Each side of the sample was left under 

radiation for 30 minutes [27]. 

2.5. Microbiological evaluation. 

The effect of scaffold disinfection methods was evaluated by counting colony-forming 

units per milliliter (CFU / mL). Four experimental groups were elaborated: control group (CG), 

microwave sterilization (MW), steam sterilization (SS), and ultraviolet light (UV) sterilization. 

Ten mL of sterile Roswell Park Memorial Institute (RPMI) medium, buffered with 

morpholinepropanesulfonic acid (MOPS) were added in aseptic Falcon type tubes. 
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Subsequently, a sample from each group was added, and the tubes were placed in an incubation 

oven at 37 ° C for 12 hours for cell dispersion present inside the samples and obtaining of the 

eluates. After 12 hours, the tubes were vortexed for 1 minute. Then, the serial dilution process 

was carried out in Eppendorf tubes containing 900 μL of pure phosphate-buffered saline (PBS) 

by transferring 100 μL aliquots of the original solution. Dilutions of 10-1 to 10-4 were obtained. 

Two 25 μL aliquots of the 10-3 and 10-4 dilution were dripped into two Petri dishes containing 

the following media: Sabouraud Dextrose Agar with Chloramphenicol (SDA), Brain and Heart 

Infusion Agar (BHI), Chromagar and Blood Agar. Then, all plates were incubated at 37ºC for 

48 hours. After this period, the plates were placed on a manual colony counter, and the number 

of colonies was determined. The numbers of colony-forming units per milliliter (CFU / mL) 

was calculated according to the following formula: CFU / mL = number of colonies x 25 / q. 

In this formula, “n” is equivalent to the absolute value of the chosen dilution (from 3 to 4) and 

“q” is equivalent to the quantity, in mL, sown for each dilution in the plates (0.025 mL). Three 

different experiments were performed in triplicates (n=9). All results were evaluated 

statistically, and the significance level of α = 0.05 was used for inference analyses [28].  

2.6. Statistical analysis. 

With the data obtained by the microbiological evaluation, a statistical analysis was 

performed using one-way ANOVA. First, an exploratory study of the data and the verification 

of the necessary hypotheses that must be fulfilled to apply a classic ANOVA was carried out. 

In case of non-compliance with homoscedasticity, Krukal Wallis' non-parametric alternative 

was used. The statistical software used to perform the study was INFOSTAT version 2017. All 

tests were evaluated with significance of α = 5%. 

2.7. Characterization of scaffolds after sterilization. 

To study the influence of the sterilization process on the properties of the Scaffolds, an 

evaluation using Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron 

Microscopy (SEM), applying the experimental procedures described by Tiomno et al. [18] 

were carried out. The best sterilization variant was evaluated by means of a mechanical test 

(compression test). The compressive strength test (Emic DL2000, Tesc Program 384) was 

performed with a 2 kN Trd 28 load cell, using a crossbar speed of 1 mm/min, according to ISO 

5833 standards. 

3. Results and Discussion 

3.1. Microbiological evaluation. 

In this study, four types of culture media (SDA, Chromagar, Blood Agar, and BHI) 

were used to evaluate the growth of microorganisms present in sterile and non-sterile (CG) 

samples. 

In the microbiological evaluation using SDA or Chromagar as a medium, no growth of 

microorganisms was observed for any of the groups tested. These results would allow us to 

assume that there is no presence of fungi in the tested samples. On the other hand, Tables 1 and 

2 show the results of the microbiological evaluation in Blood Agar and in BHI culture media, 

respectively, for all samples treated with different sterilization methodologies. In all 

experiments, the dilution was 1000 and "n" equal to 3. 
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The results show that the steam sterilization of the working conditions used in this study 

eliminated the microbial load in the samples evaluated in both media. This result was expected 

since the efficiency of this sterilization methodology, and its use in different fields of daily life 

are known. This methodology has a disadvantage that this process is carried out with water 

vapor, which can, in some cases, increase the humidity in the evaluated materials, which may 

affect their properties. 

In our specific case, taking into account that the formulation has polymers that have 

high hygroscopicity, humidity studies were previously carried out before and after sterilization, 

verifying that in our working conditions and on the scale worked, the sterilization process did 

not affect quality. 

Table 1. Microbiological results in blood agar culture media. 

Experiment Group 
Number of colonies 

(Average / DE) 
UFC/mL Log10 

1 

CG 125.7/20.9 5026666.7 6.70 

MW 14.7/3.6 586666.7 5.77 

UV 113.3/11.1 4533333.3 6.66 

SS 0.0 0.0 0.00 

2 

CG 122.7/20.9 4906666.7 6.69 

MW 22.0/4.7 880000.0 5.94 

UV 116.0/3.3 4640000.0 6.67 

SS 0.0 0.0 0.0 

3 

CG 167.0/23.3 6680000.0 6.82 

MW 23.7/8.2 946666.7 5.98 

UV 132.0/19.3 5280000.0 6.72 

SS 0.0 0.0 0.0 

 

Table 2. Microbiological results in BHI culture media. 

Experiment Group 
Number of colonies 

(Average / DE) 
UFC/mL Log10 

1 

CG 299.3/0.9 11973333.3 7.08 

MW 20.7/5.6 826666.7 5.92 

UV 300.0/0.7 12000000.0 7.08 

SS 0.0 0.0 0.00 

2 

CG 299.7/0.4 11986666.7 7.08 

MW 17.3/3.6 693333.3 5.84 

UV 299.7/1.1 11986666.7 7.08 

SS 0.0 0.0 0.0 

3 

CG 299.3/0.9 11973333.3 7.08 

MW 21.0/6.0 840000.0 5.92 

UV 299.3/0.4 11973333.3 7.08 

SS 0.0 0.0 0.0 

 

In the case of the other two sterilization methods studied, it was observed that, when 

applying microwave sterilization (MW), the microbial load content had a reduction of 1 log in 

the two studied media, and this did not occur when the ultraviolet sterilization (UV) was 

applied. 

3.2. Statistical analysis. 

Starting from the experimental data, the statistical analysis was carried out. In this case, 

only the MW and UV groups were evaluated, since the SS treatment was effective in the total 

elimination of the microorganisms present. 

First, the three experiments were compared statistically by ANOVA for each of the 

groups studied, in order to assess whether there were significant differences between the results 

of each experiment. Table 3 shows the results of the evaluation, noting that in none of the cases, 
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there was a significant difference between the experimental replicates, it could be said that the 

established analytical procedure is reproducible. 

Table 3. Results of the statistical comparison between the replicas of each group. 

Culture media Group n Average/DE p 

Blood Agar 

CG 3 138.5/1.9 0.480 

MW 3 20.1/3.6 0.319 

UV 3 120.4/7.7 0.952 

BHI 

CG 3 299.4/0.2 0.973 

MW 3 19.7/1.6 0.077 

UV 3 299.7/0.2 0.872 

 

Based on these results, the study carried out for each sterilization group was considered 

as a single experiment, assuming n as 9. The results of the statistical study are shown in Table 

4. 

Table 4. Average values of the analysis of the samples treated with different sterilization techniques. 

Culture media Group n Average/DE 

Blood Agar 

CG 9 138.4/2.4 

MW 9 20.1/5.7 

UV 9 120.4/7.8 

BHI 

CG 9 299.4/0.7 

MW 9 19.7/4.6 

UV 9 299.7/0.8 

 

The statistical comparison study for samples evaluated on Blood Agar medium showed 

that the means of samples sterilized by microwaves are different from the means of samples 

sterilized by UV and control samples (Table 4). There is an agreement in the normality of the 

residual of the response variables verified by means of the normal quantile graph (Q-Q Plot) 

that there is a strong correlation (r = 0.971) with the straight of the normal quantiles. While, 

when applying the Shapiro-Wilks test, it appears that the p-value (0.5159) is greater than the α 

value (0.05); therefore, one can assume that the response variables are normal, that is, there is 

normality. 

 
Figure 1. Scatter diagram (a) and comparison graph of medians using the Kruskal Wallis test (b) in 

Ágar Sangue medium. 

On the other hand, the scatter plot of the residuals of the response variables according 

to the order in which the data were taken shows a random behavior (Figure 1a), which 

guarantees the independence of the data. When analyzing homoscedasticity, it is confirmed 
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that when applying the Levene test, a p-value (0.0023) lower than the value of α (0.05) is 

obtained, which allows the null hypothesis Ho to be rejected, being able to assume that the 

variances of the subpopulations are not homogeneous. Therefore there is no homoscedasticity. 

When this occurs, the Kruskal Wallis non-parametric test and the non-parametric 

contrast test (post-hoc) are performed. The results showed that the p-value (0.0001) is less than 

the α value (0.05), so there are significant differences in the average number of colonies after 

the application of the different sterilization treatments (Figure 1b). The contrast test showed a 

significant difference between the control group and the sterile samples applying MW. For the 

case of samples treated using UV methodology, no significant difference is observed. 

The statistical comparison study for the samples evaluated in BHI culture medium, as 

in the previous case, showed that the means of the samples sterilized by microwaves are 

different from the means of the samples sterilized by UV and the control samples (Table 4). 

However, contrary to what happened in the case of studies carried out on a blood agar medium, 

there was a non-conformity in the normality of the residue of the variables responses verified 

through the normal quantile graph (QQ Plot) that there is no strong correlation (r = 0.861) with 

the straight line of normal quantiles. Considering that, when applying the Shapiro-Wilks test, 

it appears that the p-value (0.0001) is less than the α value (0.05); therefore, it can be assumed 

that the response variables are not normal, that is, there is no normality. 

 
Figure 2. Scatter diagram (a) and comparison graph of medians using the Kruskal Wallis test (b) in 

BHI medium. 

The scatter plot of the residuals of the response variables according to the order in which 

the data were obtained is not completely random, observing a random trend for a part of the 

data (Figure 2a). But, taking into account that the experiment is planned in such a way that 

each sample unit receives only one treatment, we can say that there is independence in the data 

evaluated. When analyzing homoscedasticity, it is confirmed that when applying the Levene 

test, a p-value (0.0002) is obtained that is lower than the value of α (0.05), which allows 

rejecting the null hypothesis Ho, which indicates that the variances of the subpopulations are 

not homogeneous; therefore there is no homoscedasticity. As homoscedasticity and 

homogeneity were not satisfied, the Kruskal Wallis non-parametric test and the non-parametric 

contrast test (post-hoc) were performed. The results showed that the p-value (0.0001) is less 

than the α value (0.05); therefore, there are significant differences in the average number of 
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colonies after the application of the different sterilization treatments (Figure 2b). The contrast 

test showed a significant difference between the control group and the sterile samples applying 

MW. In the case of samples treated using UV methodology, no significant difference is 

observed. 

In general, it has been shown that treatment with MW guarantees a significant decrease 

in the microbial load. Meanwhile, UV treatment does not guarantee a decrease of 

microorganisms. 

3.3. Characterization of scaffolds after sterilization. 

After the sterilization process, the samples were analyzed by Infrared Spectroscopy 

with Fourier Transform (FTIR) and Scanning Electron Microscopy (SEM) to determine 

whether the sterilization process affected the physical-chemical composition of the samples. 

Figure 3 shows the results of the analysis of the samples by FTIR Spectroscopy. No substantial 

changes were observed in the spectra of the treated samples, except in the case of the sample 

sterilized by UV irradiation, where the intensity of the peaks is greater. On the other hand, 

Figure 4 shows the images obtained by electron microscopy of the treated samples, noting 

changes in the morphology of the samples. 

In general, a slight change in color of the steam or microwave sterilized samples was 

observed. In our opinion, it is due to the presence of sodium alginate, which tends to darken in 

the presence of heat. 

 
Figure 3. Results of the FTIR evaluation of the samples treated with different sterilization processes. 

 
Figure 4. Results of the evaluation by scanning electron microscopy (1000X) of the samples treated 

with different sterilization processes. (a: CG; b: MW; c: UV and d: SS). 
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3.4. Mechanical test. 

The results of the mechanical test on the steam sterilized samples showed that during 

the test, the samples undergo a deformation process, without breaking them. This phenomenon 

can be attributed to the presence of polymers (sodium alginate and bacterial cellulose) in the 

formulation. It has been reported in the literature that during the application of a load at a 

constant speed, the present polymers respond efficiently to the applied tension, absorbing 

energy and dissipating it without fracturing the part [29]. 

The results showed that the tensile strength was σ = 66.74 ± 0.09 MPa and σ = 66.76 ± 

0.15 MPa for the CG samples and the SS samples, respectively. These results indicate that the 

steam sterilization process, under the conditions evaluated in this work, does not affect the 

mechanical properties of the Scaffolds studied. 

4. Conclusions 

 Three Scaffolds sterilization processes were studied. The microbiological analyzes 

were carried out in four culture media, showing that there was no fungal growth in the studied 

variants. The most effective methodology was steam sterilization. On the other hand, 

microwave sterilization causes a logarithmic reduction equal to 1 under the conditions studied, 

while ultraviolet light sterilization did not show efficacy. Changes in the physical-chemical 

properties of the Scaffolds evaluated after sterilization was not observed, except a slight 

darkening in the samples treated by steam sterilization or treated by microwave sterilization 

due to the presence of sodium alginate in the formulation. This aspect must be taken into 

consideration when applying these processes. 
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