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Abstract: The cosmetics industry searches for new products with sustainable, natural and non-toxic 
characteristics. Levan is a microbial exopolysaccharide composed of fructose units with β-2,6-glycoside 
bonds. Due to its biological properties, levan has a wide range of applications in cosmetics and 
pharmaceuticals industry. The effects of levan can be improved by its combination with biocompatible actives 
such as plant-derived compounds and vitamins resulting in a multifunctional cosmetic formulation. Thus, the 
aim of this study was to develop a new biocosmetic gel-anionic type containing 1 % of levan and plant-derived 
compounds, such as Aloe vera extract and avocado oil and vitamin E, using simplex lattice mixtures design. 
According to the statistical analyses, the concentrations to obtain a cosmetic with maximum antioxidant 
activity (76%), hydration capacity (98.37%) and spreadability (767.30 mm²), would be 10% (0.1 mL) of Aloe 
vera, and 90% (0.9 mL) of avocado oil. Cosmeceutical formulations showed good stability and did not show 
phase separation or visible changes being classified as normal. The development of innovative and 

HIGHLIGHTS 
 

• A levan-based formulation composed of Aloe vera and avocado oil was development. 

• Biocosmetic showed antioxidant activity, retention capacity and good spreadability. 

• Levan-based formulation was efficiently modeled within the simplex design space. 

• Cosmetic formulations showed great stability and pH compatible with skin. 
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sustainable cosmetic formulations, with natural, vegan and non-toxic molecules is of great importance for 
cosmetic industry.  

Keywords: Levan; Aloe vera; Avocado oil; Antioxidant; Simplex lattice design. 

INTRODUCTION 

The growing concern about the health skin has been reflected in a great demand for new biotechnological 
products of natural origin, as they cause fewer side effects and do not harm the environment [1]. Cosmetic 
formulations including natural active ingredients are in evidence due to their sustainable characteristics and 
biological properties. According to Brazilian Association of the Personal Hygiene, Perfumery and Cosmetic 
Industry, Brazil has a market demand for natural cosmetics that corresponds to the expectation of growth of 
5 to 10% and is projected to reach USD 25.11 billion by 2025 [2].  

Molecules from biotechnological source are very studied due to their biological properties, non-toxicity 
and renewable characteristics [3]. Levan is an extracellular polysaccharide that has several interesting 
properties such as biocompatibility, biodegradability, renewability, flexibility, and eco-friendliness [4, 5].  
Levan is a polysaccharide consisting of fructose units linked with β2,6-glycoside bonds in its main chain and 
β-2,1 in its branches [6, 7]. Several microorganisms are reported as levan producers, such as Erwinia 
herbicola [8], Zymomonas mobilis [9,10], Microbacterium laevaniformans [11], Bacillus subtilis [12,13] and 
Bacillus subtilis natto [12,14]. Alternatively, levan can be produced by enzymatic synthesis using 
levansucrase. Levansucrase (EC.2.4.1.10) belongs to the family of glycoside hydrolases (GH68) that 
catalyze sucrose hydrolysis and the transfer of fructosyl units to acceptor molecules. An interesting aspect 
of levansucrase is its specificity in the formation of high-molecular-mass polymers, such as levan [15,16]. 
Levan exhibits several dermocosmetic properties [17] such as antioxidant action, moisture retention activity 
[18], cell proliferation and skin irritation relief [19]. In addition, levan is biocompatible with other ingredients of 
cosmetic formulations [18].  

Plant-derivate ingredients are also widely used in cosmetic formulations due to their fragrance and a 
myriad of properties as antioxidant, anti-inflammatory, antimicrobial, photo protective, wound healing action 
and emollient characteristics [20, 21]. Avocado oil (Persea americana), is generally found in various 
subtropical countries and are recognized as a healthy food supplying of proteins and monounsaturated fats 
[22]. Aloe vera (Aloe barbadensis) is a traditionally medicinal plant used in several countries such as Greece, 
China, and Mexico to cure many infection and skin lesions. In vitro and in vivo investigations have showed 
that Aloe vera is able to improve the wound healing and to reduce the inflammation process [23]. Vitamins 
have also been added in cosmetic formulations. Vitamin E (alpha-tocopherol) is frequently used in cosmetics 
due to its antioxidant [24], anticarcinogenic and photoprotective properties [25], and has great potential to be 
incorporated into biocosmetics.  

Therefore, the association of levan, avocado oil, Aloe vera extract and vitamin E could result in a 
multifunctional, sustainable and non-toxic cosmetic formulation. Different ingredients can be combined using 
statistical methods as the simplex lattice method in order to optimized the formulations. This statistical tool 
associated with the software is able to analyze the effects of the interactions between the different variables 
studied [26]. This methodology is common used to optimize the concentrations of the ingredients in mixture, 
combining mathematical theory, statistical analysis and experimental design [26]. In this study we describe 
the development of a multifunctional biocosmetic using levan combined with Aloe vera and avocado oil with 
high spreadability level, retention capacity and antioxidant activity. The development of innovative and 
sustainable cosmetic products, with natural ingredients and multifunctional molecules is of great importance 
for cosmetic industry.  

MATERIAL AND METHODS  

Microorganism, Growing Conditions, and plant-derived compounds  

B. subtilis natto CCT7712 was isolated from fermented soybeans, a Japanese food called “natto” at the 
Department of Biochemistry and Biotechnology of Londrina State University (Brazil) and identified by André 
Tosello Foudation (Campinas-Brazil). The strain was cultivated for 48 h and maintained at 37 °C on a medium 
containing (g L−1): peptone 50, meat extract 30, and agar 20, stored at 4 °C. The avocado oil (Persea 
americana), Aloe vera extract and Vitamin E (alpha-tocopherol) were purchased from Mapric (São Paulo, 
Brazil).  
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Synthesis of levan by levansucrase  

The exopolysaccharide levan was produced by levansucrase from B. subtilis natto. The enzyme was 
produced using a medium containing 420.7 g/L sucrose at 150 rpm for 24 h and the supernatant was used 
as the enzyme source [27]. The levansucrase presented 23.9 U/mL of enzymatic activity.  Levan production 
medium was composed by 200 mL of sucrose solution (350 g/L), 50 mL of the levansucrase (sterilized with 
UV for 2 h) in citrate buffer (0.1 M), pH 6.0 at 35 °C for 36 h [27]. The reactions were stopped by incubating 
at 100 °C for 15 min. Levan concentration was estimated by precipitation with absolute ethanol (1:3 v/v) for 
12 h following by centrifugation at 9000×g for 20 min at 4 °C [28]. Levan was dialyzed against distilled water 
for 48 h and lyophilized. 

Development of cosmetic formulation 

The Simplex Lattice Design model was used to optimized the concentrations formulations ingredients. 
Thirteen formulations were developed varying the components x1 (Aloe vera extract), x2 (vitamin E) and x3 
(avocado oil). The maximum concentrations of the components were 0.5 mL, 0.5 mL and 1.0 mL for variables 
x1, x2 and x3, respectively (Table 1). The responses were spreadability, antioxidant activity and moisture 
retention capacity. The cosmetics formulations were prepared by mechanical stirrer, where phase 1 
contained: glycerin and distilled water and phase 2: Ammonium acryloyldimethyltaurate/VP copolymer, and 
phase 3: cyclomethicone, preservative blend (methyl ethyl propryl paraben phenoxyethanol), levan (1%), 
Aloe vera extract, vitamin E and avocado oil. Phase 1 was heated to 70 °C and phase 2 was sprayed under 
phase 1 until anionic gel was formed. Then, it was cooled to 40 °C and cyclomethicone and the preservative 
blend were added. The other ingredients in phase 3 were added according to Table 1. The pH values of 
cosmetic formulations were adjusted in a pH range of 4.5-5.5 with citric acid solution.  

Characterization of cosmetic formulations 

Stability  

Stability of the formulations was verified by phase separation. Five grams of each formulation was 
centrifuged at 3000 rpm, for 30 minutes at room temperature. After 24 hours, the macroscopic visualization 
was interpreted as: normal (without phase separation), phase separation (coalescence) and creamy [29]. 
The pH of each formulation were performed in triplicate after 24 hours.  

Spreadability 

To determine the spreadability, samples was placed in a graph paper supported by a circular glass plate. 
The formed perpendicular diameters were measured to define the comprehensive surface, at temperature of 
25 ± 2ºC [30]. Samples of 2.0, 4.0, and 10 g were used in one-minute intervals. The tests were performed in 
triplicates. The spreadability was calculated using the Equation 1: 

𝐄𝐢 =
(𝐝𝟐 .𝝅) 

𝟒
      (1) 

Where: 

Ei: spreadability of the sample for a given weight in square millimeter (mm2); d: average diameter in millimeter 
(mm). 

Antioxidant activity 

The antioxidant activity was evaluated by the DPPH method (2,2-diphenyl-1-picryl-hydrazil). For the 
assay, 1 mL of the sample (formulation at 2.5 mg mL-1) and 0.3 mL of the DPPH solution were incubated in 
the dark for 30 min at room temperature followed by reading at ƛ = 517 nm. The blank solution was composed 
of 1 mL of the formulation and 0.3 mL of ethanol. Control sample was composed of 1 mL of ethanol and 0.3 
mL of the DPPH solution [31]. The inhibition rate (%) of the free radical was calculated according to equation 
3:  

% 𝐢𝐧𝐡𝐢𝐛𝐢𝐭𝐢𝐨𝐧 = [(𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 −  𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒔𝒂𝒎𝒑𝒍𝒆))/ 𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍]𝒙 𝟏𝟎𝟎            (2) 
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Moisture retention capacity  

This moisture retention capacity was examined gravimetrically according to Zhao and coauthors [32]. 
The samples were placed in a saturated K2CO3 chamber which relative humidity (RH) was 43%. The moisture 
retention capacity (Ru) was evaluated by the percentage of residual water samples:   

𝐑𝐮 (%) =
𝐏𝐭

𝐏𝟎
𝐱 𝟏𝟎𝟎        (3) 

Where, P0 is the weight of distilled water added to the samples and Pt is the weight of water after the tested 
times.  

Statistical analysis 

Data analysis were performed by one-way ANOVA using the software Statistica version 7.0. 

RESULTS AND DISCUSSION 

Levan is an exopolysaccharide very attractive for cosmetic formulations due to its great biological activity 
as antioxidant, antimicrobial, immunomodulatory, ability to form biofilms, biocompatibility and moisturizing 
capacity [33]. Previous studies also showed that levan stimulated human fibroblasts and keratinocyte 
proliferation, and shown no-toxicity for skin or eyes. In addition, levan was found to be non-cytotoxic in a 
normal human dermal fibroblast cell line and non-hemolytic on human erythrocytes suspension [34]. These 
results revealed that levan might be useful and safe in cosmetics and biomedical fields.  

In this study, the effect of the interaction between Aloe vera extract, vitamin E and avocado oil on the 
spreadability, antioxidant activity and moisture retention capacity of levan-based biocosmetic was efficiently 
modeled within the simplex design space. Simplex lattice design is well documented in the pharmaceutical 
literature. In these models, parameters (independent variables) are varied according to a specific design, and 
their effect on the product properties (dependent variables) are determined. From the resulting, information 
predictor polynomial equations can be created, which are used to define the formulation composition [34]. 
This model was chosen for this study since it permits the mixtures of the compounds to be designed in a 
constrained space, named as the simplex space. 

Stability  

The stability test showed that the 13 cosmetic formulations presented good stability and did not show 
phase separation or visible changes being classified as normal, after 24 hours. The pH values of all 
formulations were close to 6.0, indicating that the biocosmetic are compatible with the facial skin (pH 4.6 to 
5.8).  

Spreadability  

Spreadability indicates the area to which a topical formulation spreads on the skin in mm2. According to 
the results (Table 1), all runs showed good spreadability. The run 1 which has only Aloe vera extract present 
the lower spreadabilidy value. In the other hand, central points (runs 11, 12 and 13) reached the highest 
spreadability, with average of 774.92 mm2. In other study, the spreadability of the anionic gel formulation 
increased by addition of levan from B. subtilis natto [35]. 
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Table 1. Simplex Lattice Design for spreadability, antioxidant activity and moisture retention capacity of levan-containing 
cosmetic formulations in different concentration of x1 (Aloe vera extract), x2 (vitamin E) and x3 (avocado oil).   

 Factors levels (%) Variable responses 

Run x1 x2 x3 Spreadability  Antioxidant activity Moisture retention capacity 

        (mm²) (%) (%) 

1 100 0.0 0.0 680.85 31 94.86 

2 0.0 100 0.0 706.50 57 91.31 

3 0.0 0.0 100 770.87 68 100 

4 50 50 0.0 771.91 61 96.88 

5 50 0.0 50 738.94 84 95.53 

6 0.0 50 50 771.91 71 95.52 

7 66.6 16.6 16.6 722.98 58 93.34 

8 16.6 66.6 16.6 740.51 57 91.83 

9 16.6 16.6 66.6 769.36 69 92.22 

10 33.3 33.3 33.3 750.07 61 90.51 

11 33.3 33.3 33.3 772.90 60 88.68 

12 33.3 33.3 33.3 774.01 63 91.11 

13 33.3 33.3 33.3 777.87 64 89.40 

 
The response surface and the prolife of predict value and desirability for sreadability are showed in Figure 

1. According to statistical analyses, the formulation composed of 0.0% of Aloe vera extract, 25.0% of vitamin 
E and 75.0% of avocado oil would be ideal for obtaining greater spreadability of the product. These results 
are consistent with the literature that report that vitamin E and avocado oil are composed of emollients 
substances, being ingredients responsible for spreading and consistency of formulations [36]. In fact, the 
samples that spread better have a pleasant feel on the skin, as less of the product can be applied to a larger 
region of the body. Consumer acceptance of the cosmetic product is given by the sensation of the initial 
contact with the skin, appearance, spreadability and residual oiliness after application [2]. 

 

Figure 1. Response surface (a) and optimization plots (b) for the spreadability (mm²) of cosmetics formulations. 
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Table 2. Estimates of the model parameters for cosmetic formulations spreadability from Simplex Lattice Design. 

Factors Estimate Standard error T-value p-value 

Aloe vera extract (x1) 677.83 12.85 52.74 0.000* 

Vitamin E (x2) 702.93 12.85 54.70 0.000* 

Avocado oil (x3) 772.31 12.85 60.10 0.000* 

x1x2 299.77 64.71 4.63 0.003* 

x1x3 49.18 64.71 0.76 0.476 

x2x3 128.66 64.71 1.98 0.093 

x1x2x3 -159.37 336.98 -0.47 0.652 

R² = 0.9057; R²ajusted = 0.8113. Lack-of-fit: p = 0.435. *p<0.05 

Aloe vera extract, Vitamin E and avocado oil were significant for spreadability (p<0.05), and showing a 
positive effect (Table 2). The interaction between Aloe vera and Vitamin E present greater positive effect 
(299.77) on spreadability of formulation. The ANOVA of the model obtained to describe the spreadability 
showed determination coefficient (R2) of 0.90 and it was significant at the 5% significance level (Table 2). 

Antioxidant activity 

The highest antioxidant activity was obtained using 50% of Aloe vera, 0.0% of vitamin E and 50% of 
avocado oil, reaching 84% of activity (Table 1, run 5). The antioxidant activity of levan was already been 
described [18, 19]. So, the combination of levan with plant-derived compounds, can upturn the antioxidant 
activity of formulation resulting in potent antioxidant formulation. The antioxidant activity of levan produced 
by Bacillus subtilis AF17 was studied by Bouallegue and coauthors [37] that showed the ability of levan in to 
scavenge free radicals by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) method, with reducing power. Free 
radical scavenging increases when levan concentrations ranged from 0.1 mg/mL to 2 mg/mL, reaching 
between 28% and 58%, respectively. Recently, our researcher group have development a cosmeceutical 
formulations based on ammonium acryloyldimethyltaurate / VP copolymer with levan at 1% and cinnamon 
oil at 0.5%, 1% and 2%. The results showed that levan and cinnamon oil exhibited a maximum antioxidant 
activity of 58% and 21% respectively, at a concentration of 1% for both ingredients [18]. The antioxidant 
action is important to neutralize free radicals formed in the skin, which are unstable atoms or molecules which 
disrupt the functioning of the skin layer and cause premature aging. They are responsible for inhibiting and 
reducing damage caused by free radicals in cells  [38]. Consequently, actives that present great antioxidant 
activity are very desired by the cosmetic industry.  

The antioxidant activity of avocado oil may be due to phenolic compounds that may act through radical 
scavenging by donation of hydrogen atom and chelation of transition metals [38]. Most studies correlated the 
antioxidant activity of avocado oil to tocopherols, phytosterols, and carotenoids [22]. In the cosmetics 
industry, avocado oil is used in skincare products, due to its rapid absorption into the skin and sun screening 
properties [22]. 

Aloe vera extract is also widely used in the cosmetic, pharmaceutical industries and in the food industry, 
because it contains antioxidants [39]. Aloe vera extracts hold potent radical-scavenging activity, and several 
antioxidative compounds have been isolated. The antioxidant activity of a diversity of polyphenol compounds 
as anthraquinones and chromones has been reported [40, 41]. Aloin A, an anthraquinona, is a 
pharmacologically active compound obtained from several Aloe species [23]. 

The response surface and the prolife of predict value and desirability for antioxidant activity are showed 
in Figure 2.  According to the results, the formulation with high antioxidant activity was archiving when 30% 
of Aloe vera extract, 0.0% of vitamin E and 70% of avocado oil was used (Figure 2). 
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Figure 2. Response surface (a) and optimization plots (b) for the antioxidant activity of cosmetics formulations. 

Aloe vera extract, Vitamin E and avocado oil were significant (p<0.05), and showed a positive effect for 
antioxidant activity (Table 3). The interaction between Aloe Vera and avocado oil present greater positive 
effect (137.91). For antioxidant activity a negative effect for x1x2x3 (-449.34) was detected. This result is in 
agreement with the negative effect observed for spreadability that also showed a negative effect of interaction 
of x1, x2 and x3 (Table 2). The ANOVA of the model obtained to describe the antioxidant activity showed 
determination coefficient (R2) of 0.97 and it was significant at the 5% significance level (Table 3). 

 

Table 3. Estimates of the model parameters for cosmetic formulations antioxidant activity from Simplex Lattice Design. 

Factors Estimate Standard error t-value p-value 

Aloe vera (x1) 31.61 2.36 13.34 0.0001* 

Vitamin E (x2) 56.16 2.36 23.70 0.0000* 

Avocado oil (x3) 67.34 2.36 28.41 0.0000* 

x1x2 67.55 11.93 5.66 0.0013* 

x1x3 137.91 11.93 11.55 0.0000* 

x2x3 31.09 11.93 2.59 0.0407* 

x1x2x3 -449.34 62.14 -7.23 0.0003* 

R² = 0.9786; R² adjusted = 0.9572. Lack-of-fit: p = 0.225. *p<0.05 

Moisture retention capacity 

The results showed that the formulation using 100 % of avocado oil showed the best moisture 
retention capacity (Table 1, run 3), suggesting that this oil can be a promising ingredient for skin hydration. 
Thus, the combination of avocado oil with levan can result in a highly hydrating formulation. Domżał-Kędzia 
and coauthors [33] measured the moisture retention capacity of levan from B. subtilis natto KB1 and also 
reached 100%. According to authors, levan has the potential to hold a large amount of water in its hydrogen 
bonds [34]. Interestingly, the moisture retention ability of levan was superior to glycerol and comparable to 
hyaluronic acid, indicating the great potential application in cosmetics formulations [36]. 

The response surface and the prolife of predict value and desirability for moisture retention capacity 
are showed in Figure 3. According to the results, the formulation with high moisture retention capacity was 
archiving when 100% of avocado oil was used.  
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Figure 3. Response surface (a) and optimization plots (b) for the moisture retention capacity of cosmetics formulations. 

Aloe vera extract, Vitamin E and avocado oil were significant (p<0.05), and showed a positive effect for 
moisture retention capacity (Table 4), with greater positive effect for x3 (avocado oil) this explains 94% of the 
data obtained. The ANOVA of the model obtained to describe the Moisture retention capacity showed 
determination coefficient (R2) of 0.94 and it was significant at the 5% significance level (Table 4). 

 

Table 4. Estimates of the model parameters for moisture retention capacity of cosmetic formulations from Simplex 
Lattice Design. 

Factors Estimate Standard error t-value p-value 

Aloe vera extract (x1) 95.57 1.01 93.55 0.0000* 

Vitamin E (x2) 91.41 1.01 89.97 0.0000* 

Avocado oil (x3) 99.54 1.01 97.97 0.0000* 

x1x2 15.79 5.11 3.08 0.0214* 

x1x3 -8.11 5.11 -1.58 0.1639 

x2x3 -1.22 5.11 -0.23 0.8184 

x1x2x3 -168.56 26.64 -6.32 0.0007* 

R² = 0.9474; R² adjusted = 0.8948. Lack-of-fit: p = 0.548. *p<0.05 

 

The optimization of spreadability, antioxidant activity and moisture retention of levan-based biocosmetic 
from Simplex-lattice varying the concentrations of Aloe vera, vitamin E and avocado oil are showed in Figure 
4. According to the statistical analyses, the concentrations to obtain a biocosmetic with maximum antioxidant 
activity (76%), hydration capacity (98.37%) and spreadability (767.30 mm²), would be 10% (0.1 mL) Aloe 
vera, 0.0% vitamin E and 90% (0.9 mL) avocado oil.  
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Figure 4. Optimization of spreadability, antioxidant activity and moisture retention of levan-based cosmetic formulations 
from Simplex-lattice varying the concentrations of Aloe vera, vitamin E and avocado oil. 

Avocado oil is an exceptional source of enrichment for dry and damaged skin. Then, many investigations 
have been directed on the action of topical administration of avocado extract on wound models in rats, 
showing faster re-epithelization of wounds [42]. Besides, topical application of avocado oil in rats has also 
been shown to increase of collagen synthesis and decrease of inflammatory cells during the wound healing 
process [43,44]. Then, avocado is frequently consumed fresh, but the current demand for avocado oil has 
improved significantly due to its potential use in cosmetic industries, and its beneficial effects on human 
health. 

CONCLUSION 

Taken together the results showed the development of a multifunctional cosmetic formulation composed 
of microbial levan in combination of Aloe vera extract and avocado oil with exhibit antioxidant activity, 
retention capacity and good spreadability. The development of innovative and sustainable cosmetic 
formulations, with natural, vegan and non-toxic molecules is of great importance for beauty industry that 
searches for active biocompatible ingredients. 

Funding: This work was supported by Coordenadoria de Aperfeiçoamento de Pessoal do Ensino Superior (CAPES). 
the National Council for Scientific and Technological Development (CNPq) and RHAE/CNPq Program 2021 
(350351/2022-8). 

Conflicts of Interest: The authors declare no conflict of interest. 

REFERENCES    

1. ABIHPEC [Overview of the Personal Hygiene, Perfumery and Cosmetics Sector]. Assoc. Bras. 
Indústria Hig. Pessoal, Perfum. Cosméticos 2019, 1–22. 

2. Ghachache R, Aschcar R, Prado MC, Borges G, Paparounis, D. [Trends notebook]. 2019-2020 
ABHIPEC. Cad. tendências 2019-2020 2019,105. 

3. Vecino XJM, Cruz AB, Moldes LRR. Biosurfactants in cosmetic formulations: trends and challenges. 
Crit. Rev Biotechnol. 2017; 37: 1549-7801. 

4.  Shih IL, Yu YY, Shieh CJ, Hsieh CY. Selective production and characterization of levan by Bacillus 
subtilis (Natto) Takahashi. J Agric Food Chem. 2005; 53: 8211–5. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Helenas, J. K.; et al. 10 
 

 
Brazilian Archives of Biology and Technology. Vol.66: e23220275, 2023 www.scielo.br/babt 

5. Srikanth R, Reddy CHSSS, Siddartha G, Ramaiah MJ, Uppuluri KB. Review on production, 
characterization and applications of microbial levan. Carbohydr Polym. 2015; 120: 102-14. 

6. Celligoi MAPC, Bersanetti GT. Enzymatic production process of exopolysaccharides from Bacillus 
subtilis Natto with cosmetological properties. BR 1020190067390, Registration institution: - National 
Institute of Industrial Property – INPI. Deposit: 04/03/2019. 

7. Berg A, Oner ET, Combie J, Schneider B, Ellinger R, Weisser J, Wyrwa R, Schnabelrauch M. 
Formation of new, cytocompatible hydrogels based on photochemically crosslinkable levan 
methacrylates. Int J Biol Macromol. 2018; 107: 2312–9. 

8. Keith J, Wiley B, Ball D, Arcidiacono S, Zorfass D, Mayer J, et al. Continuous culture system for 
production of biopolymer levan using Erwinia herbicola. Biotechnol Bioeng. 1991; 38: 557–60. 

9. Jang KH, Song KB, Kim CH, Chung BH, Kang SA, Chun UH, et al. Comparison of characteristics of 
levan produced by different preparations of levansucrase from Zymomonas mobilis. Biotechnol Lett. 
2001; 23: 339–44. 

10. Oliveira MR, Silva RSSF, Buzato JB, Celligoi MAPC. Study of levan production by Zymomonas mobilis 
using regional low-cost carbohydrate sources. Biochem Eng J. 2007; 37: 177–83. 

11. Moosavi-Nasab M, Layegh B, Aminlari L, Hashemi MB. Microbial production of levan using date syrup 
and investigation of its properties. World Acad Eng Technol. 2010; 4: 1248–54. 

12. Esawy MA, Ahmed EF, Wafaa AH, Mansour NM, El-Senousy WM, El-Safty MM. Production of 
levansucrase from novel honey Bacillus subtilis isolates capable of producing antiviral levans. 
Carbohydr Polym. 2011; 36: 823–30. 

13. Dos Santos LF, Pineda EAG, Celligoi MAPC, Cavalcanti OA. Levan as a new additive for colon-specific 
films: A new approach in the use of exopolysaccharides in time-dependent free films (aminoalkyl 
methacrylate copolymer RS. Pak J Pharm Sci. 2013; 26: 943–8. 

14. Cantarel BL, Coutinho PM, Rancurel C, Bernard T, Lombard V, Henrissat B. The carbohydrate active 
enzymes database (CAZy): an expert resource for Glycogenomics. Nucleic Acids Res Spec Publ. 2009; 
37: 233–8. 

15. Wuerges J, Caputi L, Cianci M, Boivin S, Meijers R, Benini S. The crystal structure of Erwinia 
amylovora levansucrase provides a snapshot of the products of sucrose hydrolysis trapped into the 
active site. J Struct Biol. 2015; 190: 290–8. 

16. Fiume MM, Heldreth B, Bergfeld WF, Belsito DV, Hill RA, Klaassen CD, Liebler DC, Marks JG, Shank 
RC, Slaga TJ, et al. Safety Assessment of Microbial Polysaccharide Gums as Used in Cosmetics. Int J 
Toxicol. 2016; 35: 5S-49S. 

17. Silva RT, Bersaneti GT, Chideroli RT, Pereira UP, Lonni AASG, Bigotto BG, Celligoi MAPC. Biological 
properties of levan Bacillus subtilis natto and cinnamon essential oil for application in cosmeceutical 
formulations. Brazilian J Dev. 2020; 5: 5983–92. 

18. Kim KH, Chung CB, Kim YH, Kim KS, Han CS, Kim CH. Cosmeceutical properties of levan produced by 
Zymomonas mobilis. Int J Cosmet Sci. 2005; 56: 395-406. 

19. Hekmatpou D, Mehrabi F, Rahzani K, Aminiyan A. The effect of aloe vera clinical trials on prevention 
and healing of skin wound: A systematic review. Iran J Med Sci. 2019; 44: 1–9. 

20. Keen M, Hassan I. Vitamin E in dermatology. Indian Dermatol Online J. 2016; 7:311-5. 
21. Cervantes-Paz B, Yahia EM. Avocado oil: Production and market demand, bioactive components, 

implications in health, and tendencies and potential uses. Compr Rev Food Sci Food Saf. 2021; 20: 
4120–58. 

22. Lee S, Do SG, Kim SY, Kim J, Jin Y, Lee CH. Mass spectrometry-based metabolite profiling and 
antioxidant activity of Aloe vera (Aloe barbadensis Miller) in different growth stages. J Agric Food 
Chem. 2012;14,60:11222-8. 

23. Duncan K, Suzuki Y. Vitamin E nicotinate. Antioxidants, 2017; 6: 20. 
24. Erkekoglu P, Santos JS. Vitamin E in Health and Disease - Interactions, Diseases and Health Aspects 

[Internet]. London: IntechOpen; 2021 [cited 2022 Apr 06]. 300 p. Available from: 
https://www.intechopen.com/books/9759 doi: 10.5772/intechopen.87564. 

25. Das SK, Khanam J. Nanda A. Optimization of preparation method for ketoprofen-loaded microspheres 
consisting polymeric blends using simplex lattice mixture design. Mater Sci Eng C 2016; 69: 598–608.  

26. Gorman JW, Hinm an JE. Simplex Lattice Designs for Multicomponent Systems. Technometrics 1962; 
4: 463–87. 

27. Bersaneti GT, Pan NC, Baldo C, Celligoi MAPC. Co-production of Fructooligosaccharides and Levan by 
Levansucrase from Bacillus subtilis natto with Potential Application in the Food Industry. Appl Biochem 
Biotechnol. 2017;184: 838-51. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Helenas, J. K.; et al. 11 
 

Brazilian Archives of Biology and Technology. Vol.66: e23220275, 2023 www.scielo.br/babt 

28. Viikari L, Gisler R. By-products in the fermentation of sucrose by different Zymomonas-strains. Appl. 
Microbiol Biotechnol. 1986; 23: 240–4. 

29. ANVISA. [Cosmetic Products Stability Guide]; 2004; Vol. 1; ISBN 8588233150.  
30. Borghetti GS, Knorst MT. [Development and evaluation of the physical stability of O/W lotions 

containing sunscreens]. Rev Bras Ciencias Farm. 2006; 42: 531–7.  
31. Hertadi R, Umriani Permatasari N, Ratnaningsih E. Box-Wilson Design for Optimization of in vitro Levan 

Production and Levan Application as Antioxidant and Antibacterial Agents. Iran Biomed J. 2021; 1,25: 
202-12. 

32. Zhao L, Fan F, Wang P, Jiang X. Culture medium optimization of a new bacterial extracellular 
polysaccharide with excellent moisture retention activity. Appl Microbiol Biotechnol. 2013; 97: 2841-50. 

33. Domżał-kędzia M, Lewińska A, Jaromin A, Weselski M. Bioorganic Chemistry Fermentation parameters 
and conditions affecting levan production and its potential applications in cosmetics. Bioorg Chem. 
2019; 93: 1–8.  

34. Choi DH, Lim JY, Shin S, Choi WJ, Jeong SH, Lee S. A novel experimental design method to optimize 
hydrophilic matrix formulations with drug release profiles and mechanical properties. J Pharm Sci. 2014; 
103:3083-94. 

35. Celligoi MAPC, Lonni AAS, Bersanetti GT, Helenas JK, Suwa RE, Andrade IP. [Facial biocosmetic with 
antioxidant properties by the addition of levan produced by levanasucrase from a species of Bacillus]. 
BR10201806960, Registration Instituition: INPI - Instituto Nacional da Propriedade Industrial. Deposit: 
25/09/2018.  

36. Milan ALK, Milão D, Souto AA, Corte TWF. [Study of skin hydration by cosmetic emulsions for xerosis 
and its stability by rheology]. Rev Bras Ciências Farm. 2007; 43: 649–57.  

37. Bouallegue A, Casillo A, Chaari F, La Gatta A, Lanzetta R, Corsaro MM, et al. Levan from a new 
isolated Bacillus subtilis AF17: Purification, structural analysis and antioxidant activities. Int J Biol 
Macromol. 2020; 144: 316–24. 

38. Bianchi G, Solaroli E, Zaccheroni V, Grossi G, Bargossi AM, Melchionda N, Marchesini G. Oxidative 
stress and anti-oxidant metabolites in patients with hyperthyroidism: Effect of treatment. Horm Metab 
Res. 1999; 31: 620–4. 

39. Rodriguez-Carpena JG, Morcuende D, Estevez M. Avocado, sunflower and olive oils as replacers of 
pork back-fat in burger patties: Effect on lipid composition, oxidative stability and quality traits. Meat Sci. 

2012; 90, 106–15. 

40. Kaparakou EH, Kanakis CD, Gerogianni M, Maniati M, Vekrellis K, Skotti E, et al. Quantitative 
determination of aloin, antioxidant activity, and toxicity of Aloe vera leaf gel products from Greece. J Sci 
Food Agric. 2021; 30:414-23. 

41. Nayak BS, Raju SS, Chalapathi Rao, AV. Wound healing activity of Persea Americana (avocado) fruit: 
A preclinical study on rats. J Wound Care. 2008; 17:123–6. 

42. De Oliveira AP, Franco Ede S. Rodrigues Barreto R, Cordeiro DP, Melo RG, Aquino CM, et al. Effect of 
semisolid formulation of Persea americana mill (avocado) oil on wound healing in rats. Evid. Based 
Complement. Alternat Med. 2013; 2013: 1–8. 

43. Lamaud E, Huc A, Wepierre J. Effects of avocado and soya bean lipidic non-saponifiables on the 
components of skin connective tissue after topical application in the hairless rat: Biophysical and 
biomechanical determination. Int J Cosmet Sci. 1982; 4: 143–52. 

 
 

© 2022 by the authors. Submitted for possible open access publication under the terms and 

conditions of the Creative Commons Attribution (CC BY NC) license 

(https://creativecommons.org/licenses/by-nc/4.0/). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

