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Purification and use 
of crude green glycerol 
from the transesterification 
of triglycerides in the formulation 
of an alcohol gel hand sanitizer
Tassio Trindade Mazala 1, Mateus Costa Viana 1, Guilherme Carneiro 1, David Lee Nelson 1, 
Maria B. de Freitas‑Marques 2,4, Bruno Spinosa De Martinis 3, Jacques Florêncio 3, 
Fernanda Marur Mazzé 5, Severino G. Domingos da Silva 5 & Sandro L. Barbosa 1*

The aim of this study was to produce an alcohol gel hand sanitizer containing green glycerol. 
Crude glycerol was purified using chemical and physical treatments. The sanitizer was prepared 
using 71.100 g of 99.3° GL ethanol, 28.0 g  H2O, 0.5 g of Carboxypolymethylene [Carbopol 940® or 
Carbomer], 5 drops of triethanolamine (pH 5–7), and glycerol (1.5% w/w). The thermal behavior 
of the ethanol, carbopol, triethanolamine, glycerol, and alcohol gels were evaluated using 
Thermogravimetry and Differential Thermal Analysis. The apparent viscosity was obtained using a 
rotary viscometer. The determination of in vitro spreadability was achieved by an adaptation of the 
Knorst method. The ethanol content was measured by headspace gas chromatography using a flame 
ionization detector. The thermal behavior of the gels was influenced by the presence of glycerol, 
which confirms the possible network interactions formed. The relative densities of the samples 
were between 0.887 and 0.890 g/cm3. No alteration of the pH of the formulation resulted from the 
incorporation of glycerol. The apparent viscosities of the alcohol gels were greater than 20,000 cP. 
No alteration in the in vitro spreadability of the gel alcohol (530.6  mm2) resulted from the addition of 
glycerol. Hand sanitizer was produced using glycerol from a transesterification reaction. It represents 
an alternative use for the glycerol being produced in biodiesel processes. The product satisfied the 
requirements of WHO that preconize a formulation containing 1.45% glycerol as an humectant to 
protect skin against dryness and dermatitis.

Glycerol, also called glycerine or glycerin, is a simple three-carbon triol. It is a colorless, odorless, viscous liquid 
that is sweet-tasting and non-toxic. It is the principal by-product of the production of fatty acid methyl esters 
(FAME or biodiesel). Every processing cycle yields approximately 10% (w/w) of crude glycerol, and, therefore, 
it is responsible for a glut in the glycerol market. The underutilized byproduct has undoubtedly increased the 
environmental liability. There are many studies focusing on discovering effective applications to produce chemi-
cal commodities of greater value to ensure sustainable consumption and production  patterns1. The properties of 
glycerol and its use in formulations of polymers and in various other applications are mentioned by Ben et al.1

Glycerol serves as a lubricant in the textile  industry2, as well as in equipment and materials that come in 
contact with food, pharmaceuticals, cosmetics or  skin3. In special cases, it is also employed as a hydraulic  fluid4. 
It is used as a solvent, humectant, plasticizer, and  sweetener5; in the production of nitroglycerine (dynamite)6, 
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liquid  soap7,  liquors8,  confectionery9,  blacking10, printing and copying  inks11, elastic  glues12, lead oxide  cements13; 
to keep fabrics  pliable14, to preserve printing on  cotton2,15, for printing  rollers16,  hectographs17; to keep frost off 
 windshields18; as an antifreeze in  automobiles19, gas meters and hydraulic  jacks20, and in shock absorber  fluids21. 
It is used as a nutrient in fermentation  fluids22–24. Glycerol is also used in home-brewed spirits to give them a 
smoother or mellower  flavor25, and it is employed as a precursor for the synthesis of various other products of 
greater  value26,27.

Glycerin serves as a moisturizing substance (humectant), which reduces skin dryness and prevents house-
hold chemicals from drying out. This fact is extremely important because rapid water loss is an unfavorable 
phenomenon because it makes application difficult. Drying of such preparations may also lead to changes in 
their appearance, such as cracking of the surface, loss of product  weight28, etc. Glycerin improves the functional 
properties of the preparations by preventing crystallization of the ingredients, influencing rheological properties, 
providing appropriate smoothness and uniformity, and influencing proper distribution and adhesion. The use 
of glycerin as a component in preparations for cleaning hard surfaces is beneficial because it limits the drying 
of household chemicals, reduces the drying of the skin during use and the cost is relatively low because it is a 
secondary product of biodiesel production. Applications for glycerol are important because its accumulation is 
detrimental to the  environment29.

Emilia  Klimaszewska30, studied the possibility of using glycerol in cleaning preparations for hard surfaces, 
innovative raw materials, determining the high quality of the final product and the selection of quality character-
istics of cleaning products. Based on literature reports, market analysis, and the author’s experience, the selection 
of raw materials for three types of cleaning preparations: pastes, milks and powders was made.

Glycerol helps to increase the viscosity of liquid drug formulations, pharmaceutical syrups, etc.31. It also 
acts as a humectant for medicinal pills or tablets. It is used in cement  compounds32, caulking compounds, and 
pressure media. It is also used in embalming fluids, masking and shielding compounds, soldering compounds, 
and compasses; wetting agents, emulsifiers, skin protective products, asphalt, ceramics, photographic products, 
leather, wood treatments, and  adhesives33.

The ethanol-based handrub (EBHR) formulation of the World Health Organization (WHO) contains 1.45% 
glycerol as a humectant to protect healthcare workers’ (HCWs) skin against dryness and  dermatitis34. However, 
glycerol seems to negatively affect the antimicrobial efficacy of alcohols. In addition, the minimal concentration 
of glycerol required to protect hands remains unknown.

Menegueti et al.34 studied formulations containing various concentrations of glycerol, and they determined 
that a formulation containing 0.5% glycerol was more beneficial for the person’s skin. We produced a gel con-
taining 1.5% (w/w) glycerol based on the WHO EBHR formulation for use by healthcare workers in a tropical 
climate setting.

Our research group recently used activated charcoal prepared from the endocarp of Acrocomia aculeata 
(macaúba) by  ZnCl2 activation for the adsorptive purification of pretreated crude glycerol (CG)35. In another 
study, we produced glycerol by transesterification of triglycerides from waste cooking oil using red mud (RM) 
composed of a waste alkaline solution (pH = 13.3) obtained from the production of alumina as a  catalyst36. In 
the present study, the purified glycerol obtained from transesterification of recovered cooking oil was employed 
in the formulation of an alcohol gel hand sanitizer.

Experimental
Raw materials and chemicals
All the reagents were HPLC grade. Ethanol (99.5% purity), acetonitrile (ACN, 99.8%), acetone (99.8%), ethyl 
acetate (99.0%), and triethanolamine (99.0%) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Acet-
aldehyde (99.0%) methanol (99.9%), and butanol (99.0%) were purchased from Merck (Darmstald, Germany). 
Isoamyl alcohol (98.5%) and isobutyl alcohol ([ISO]; 99.0%) were obtained from Labsynth (Diadema, Brazil). 
Benzene (99.0%) and toluene (99.5%) were purchased from Reagen (Colombo, Brazil). Deionized water was 
obtained using a Milli-DI water purification system from Merck. Ultrapure water was used in the blank gel 
 matrix37. [Carbopol 940] was obtained from Vetec (São Paulo, Brazil).

Purification of the crude glycerol
Purification of crude glycerol was performed using a combination of chemical and physical treatments with 
solvent extraction, as described in the  literature35. A 200-mL portion of crude glycerol was obtained from the 
transesterification of waste cooking oil with methanol using KOH as the  catalyst38. The methanol from the trans-
esterification process was evaporated with the aid of a rotary evaporator, and the pH of the crude glycerol residue 
(135.10 g) was adjusted to pH 2 with  H3PO4 (85%), followed by shaking for 1 h at a constant rate of 200 rpm and 
allowing the mixture to stand for 12 h for phase separation by decantation.

The top layer contained FAME, fatty acids, and soap; the middle layer was rich in glycerol; and the bottom 
layer contained a salt-rich solid  (K2HPO4,), which was filtered. The liquid mixture was transferred to a separation 
funnel, the upper phase was separated, and the intermediate glycerol phase was neutralized by the addition of 
KOH pellets to pH 7.0, centrifuged to remove the salt and extracted with propanol; the solvent was separated 
from glycerol using a rotary evaporator. All the experiments were performed in triplicate. The adsorptive puri-
fication of the pretreated crude glycerol was achieved at room temperature (25 °C) and ambient pressure using 
a column (15.0 cm height by 1.0 cm diameter) containing activated charcoal (10 g)35. Small aliquots of crude, 
pretreated glycerol was added to the column until a total volume of 1 L of glycerol was added. The adsorp-
tion lasted 48 h. The purity of the filtered glycerol was determined by 1H-NMR according to the procedure 
described in Barbosa et al.35. 1H– and 13C-NMR spectra were recorded on a Bruker Avance 400 Spectrometer. 
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The regeneration of used activated charcoal was performed after shaking at 250 rpm with methanol in the ratio 
of 3:1 (v/w) for 1 h to remove the adsorbed glycerol.

The activated charcoal was separated from the solution by filtration, rinsed with hexane to remove the excess 
solvent, and heated in a muffle furnace at 150 °C for 5 h for reactivation. After using the charcoal three times, it 
no longer retained all of the pigments and required reactivation by heating with  ZnCl2.

Preparation of the alcohol gel hand sanitizer
To a beaker (500 mL) containing 71.100 g of 99.3° GL ethanol was added 28.0 g of distilled water, with magnetic 
stirring for approximately 10 min, and 0.5 g of the anionic acrylic acid polymer (Carbopol  940→) was dispersed 
in the hydroalcoholic solution. After complete dissolution, five drops of triethanolamine (pH 5–7) were slowly 
added. This alcohol gel hand sanitizer was coded HS1. Glycerol (1.5% w/w) was added to the final product in 
accordance with the recommendation of the  WHO34 (coded HS2). The gels were stored in transparent polypro-
pylene bottles with a capacity of 100 g.

pH determination
The samples were diluted in previously neutralized water (pH 7.0) at a concentration of 10% (w/v), and pH 
measurements were directly conducted in triplicate using a model mPA210 pH meter (MS Tecnopon Instru-
mentation, Porto Alegre, Brazil)39.

Relative density
The relative density was determined using a clean and dry 25-mL pycnometer at a temperature of 25 °C. The 
specific gravity was calculated as the ratio of the net weight of the samples to the net weight of  water40. The 
densities were measured in triplicate.

Thermal behavior
The thermal behavior of the ethanol, carbopol, triethanolamine, glycerol, and alcohol gels were evaluated using 
simultaneous Thermogravimetry (TG) and Differential Thermal Analysis (DTA). The TG curves were derived 
in 1st order (DTG) to confirm the thermal phenomena. The simultaneous TG/DTA curves were obtained on 
the DTG60H Shimadzu thermobalance in a dynamic nitrogen atmosphere at 50 mL  min−1, with a heating rate 
of 10°  min−1 from 30 to 300 °C. An open alumina crucible and a sample mass of exactly 3.0 mg were used. The 
mass loss during heating is expressed as “Δm”.

Apparent viscosity
The apparent viscosity was obtained using the microprocessed QUIMIS Q860M21 Spindle 4 (rotating rod) rotary 
viscometer; the speed of 20 rpm was selected in accordance with the regulatory  standards41, which addresses the 
quality control of alcohol gels. The spindle was vertically immersed in the sample at room temperature (25 °C) 
to ensure the absence of bubbles near the spindle, and the viscosity was directly determined in  triplicate38,42.

In vitro spreadability
The determination of in vitro spreadability was performed according to an adaptation of a method previously 
described by  Knorst43. A circular glass mold plate with a diameter of 20 cm and a thickness of 0.2 mm, equipped 
with a central hole of 1.2 cm in diameter, was placed on top of a square glass support plate (20 cm × 20 cm). A 
sheet of graph paper was positioned beneath these plates. The sample was introduced into the hole in the plate and 
the surface was leveled with a spatula. The mold plate was carefully removed, and an acrylic plate with a predeter-
mined weight (4.7 g) was placed on top of the sample. After one minute, the covered surface area was calculated 
by measuring the diameter in two perpendicular directions, followed by the calculation of the average diameter.

Spreadability (S), determined at 25 °C, was calculated using the following equation:

where S = spreadability of the sample for a weight of 4.7 g  (mm2), and d = average diameter (mm).

Ethanol concentration
The sample (0.10 g) was transferred to a 20 mL HS vial; 15 mL of deionized water and 20 mL of internal standard 
(ISO) for quantitative analysis were added. The samples were stirred on a vortex stirrer for 10 s, incubated at 90 °C 
for 6 min, and 400 µL of the vapor phase was injected into a Agilent 7890A, Agilent Technologies Inc., Santa 
Clara, CA, USA (GC/FID system) using an Agilent GC autosampler 80 (Agilent Technologies Inc.). The separa-
tion was achieved using a CP-Wax 52 CB capillary column (30 m × 0.25 mm; 0.25 mm). The oven temperature was 
initially held at 50 °C for 2 min, followed by an increase at 20 °C/min to 200 °C. The total run time was 9.5 min. 
Nitrogen 5.0 (99.999% pure) was used as the carrier gas at a constant flow rate of 1.0 mL/min. The injector port 
temperature was 250 °C, and the injections were performed in the split mode (50:1). The FID temperature was 
300 °C, with hydrogen and air flow rates of 40 and 400 mL/min, respectively. The Agilent OpenLAB CDS software 
was used for data acquisition (Agilent Technologies Inc., Santa Clara, CA, USA)37.

Statistical analysis
The results were represented as mean value ± standard deviation from determinations in triplicate. The Student 
t-test was used to analyze the statistical differences between the mean values (α = 0.05).

S = d
2
.π/4
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Results and discussions
The purity of the crude glycerol by-product from conventional industrial biodiesel plants is of key economic and 
technological concern. Small biodiesel industries usually discard the glycerol by-product as waste. The crude glyc-
erol contains large amounts of several impurities that inhibit its direct usage or consumption in industries. The 
quality of crude glycerol depends on the characteristics of the biodiesel process used at the manufacturing facility. 
Crude glycerol of 50% purity contains methanol, mono-, di-, and triglycerides, methyl esters and other organic 
matter. It has few direct uses and has a low commercial value. Even its value as a fuel is marginal. Depending on 
the types of catalytic route and separation process used, the glycerol purity can reach 80–95%. Crude glycerol 
was produced by transesterification of waste cooking  oil36 and purified by filtration through activated charcoal 
obtained from Acrocomia aculeata35. The method employed using only filtration through activated charcoal 
after the pretreatment with  H3PO4 to remove the KOH furnished glycerol of 95.99% purity. The remaining 4% 
consisted of water. The only difference from commercial glycerol regarding purity was the presence of water.

1H NMR analysis of the purified glycerol
The high degree of purity of the glycerol obtained using treated charcoal was confirmed by the 1H NMR analyses 
(Fig. 1). In Fig. 1, a double doublet (J 4 Hz) centered at 3.5 ppm and a double doublet (J 4 Hz) between 3.54 and 
3.60 ppm correspond to the methylene hydrogens of glycerol. The multiplet from 3.62 to 3.68 ppm corresponds 
to the methine hydrogen. The signal for the hydroxyl hydrogens was observed at 4.8 ppm. The data are similar 
to that described in the literature by Barbosa and collaborators, according to  reference35.

Characterization of the gel alcohol hand sanitizer
Both samples (that containing only alcohol and that containing alcohol with glycerol) exhibited a pH close 
to neutral, approximately 7.5–7.7 (Table 1), with no significant difference between them (p > 0.05). Thus, the 
incorporation of glycerol did not significantly alter the pH of the final  formulation44. Triethanolamine plays the 
role of a pH regulator to neutralize the acidic dispersion of the carbomer, thereby elevating the pH level while 

Figure 1.  1H NMR (400 MHz,  CDCl3) of purified glycerol, as described in the  literature35.

Table 1.  Characterization of gel alcohol in the hand sanitizer with (HS2) and without (HS1) glycerol.

Parameters HS1 HS2

pH 7.54 ± 0.13 7.69 ± 0.05

Relative density (g/cm3) 0.890 ± 0.006 0.887 ± 0.0009

Apparent viscosity (cP) 27,070 ± 62 27,040 ± 35

In Vitro spreadability  (mm2) 530.6 ± 0.82 530.6 ± 0.82
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simultaneously increasing the viscosity and stability of these  formulations45,46. Thus, the exact amount of trietha-
nolamine used has a direct impact on the pH of the carbomer gel. The neutral pH of the formulation becomes 
particularly relevant in the development of gel alcohol, as it affects the effectiveness against specific viruses, such 
as Norovirus, which has been shown to be less resistant to neutral-alcohol-based  sanitizers47.

The relative densities of the products were between 0.887 and 0.890 g/cm3, a range commonly found in the 
literature for gel  alcohols48. The addition of glycerol did not significantly affect the relative density (p > 0.05). 
The addition of glycerol can affect the hydrogen bonds of the carbomer and influence its viscoelasticity, and it 
can form a denser elastic structure with the addition of  triethanolamine49. However, the product density was 
not significantly altered.

Both alcohol gels exhibited a high average apparent viscosity, greater than 20,000 cP, with no statistically 
significant difference between them (p > 0.05). The viscosities of the products were greater than 8000 cP, as 
recommended by ANVISA (2002)41. The high viscosity observed in the formulation can be attributed to sev-
eral factors, especially the composition of the formulation. Although the viscosity can be low as a result of the 
presence of ethanol, the high viscosity of the formulation is directly associated with the concentration of the 
carbomer, neutralized by triethanolamine in the  dispersion50,51. Hydrogen bonding interactions between the 
carbomer and triethanolamine, facilitated by the hydroxyl group of triethanolamine and the carbonyl group of 
the carbomer, increase the interactions present in the gel formulation, thereby increasing the gel viscosity. With 
a higher viscosity, enhanced adhesion, reduced dispersibility, and extended drying time can  exist52.

Finally, the in vitro spreadability test was conducted to assess the ability of a formulation to distribute evenly 
when applied to the skin. The addition of glycerol did not change the in vitro spreadability of the gel alcohol, 
which remained at 530.6  mm2 for both samples, with no significant difference between them (p > 0.05). Indeed, 
whereas the spreadability can be considered to be relatively low, it is directly correlated with the high viscosity 
observed in the  formulation53. Comparatively, gels used for miltefosine delivery exhibited even lower spread-
ability when determined by the same method, with values around 390  mm254.

Ethanol concentration
The ethanol concentration in all the samples was determined by GC/FID. Two previously prepared products 
were also analyzed. All the samples contained ethanol concentrations equal to or greater than the concentration 
considered to be effective (70–80%)55,56. A simple and rapid HS-GC/FID method to quantify ethanol in ethanol-
based gel hand sanitizers was developed, validated, and applied to the prepared samples.

Thermal behavior
The thermal behavior of the majority of pharmaceutical ingredients in gel formulations is illustrated in Fig. 2. 
The temperature range for each sample (x-axis) was adjusted to better visualize the phenomena. A mass loss of 
7.3% was observed for [Carbopol 940], corresponding to the dehydration of the sample (TG curve, red line). At 
138.8 °C  (Tonset), there is a small endothermic signal (ΔH 10.7 J  g−1, DTA curve, black line), without mass loss 
(Δm 0), which corresponds to the “thermal history” of the material and is typical of  polymers57. Carpobol had a 
thermal stability up to 180 °C with decomposition in four stages (TG curve, red line), as confirmed by DTG (pink 
line), Δm 81.5%. A broad endotherm of volatilization was observed for 70% ethanol in the DTA curve (black 
line), which is a phenomenon that requires 1.84 kJ  g−1 and Δm 97.5%. A 6.7% gradual mass loss (TG curve, red 
line) was observed for glycerol, with a corresponding heat absorption (DTA curve, black line). Decomposition 
occurred in a single step at ~ 150 °C (TG/DTG, red and pink lines, respectively). A thermal stability up to ~ 152 
°C was observed for triethanolamine, with a total loss of mass at temperatures up to ~ 300 °C (TG curve, red line).

The thermal behavior of the gels is presented in Fig. 3. In the first stages of heating (30–120 °C), a broad vola-
tilization endotherm of the hydroalcoholic vehicle is observed in both HS1 and HS2, as expected. DTA curves 
(black lines, thin for HS1 and thick for HS2, shaded region of Fig. 3), confirmed this phenomenon. HS1 required 
1.48 kJ  g−1 for volatilization of the hydroalcoholic vehicle. This value was calculated by integrating the curve 
(dotted line) in TAdata software Shimadzu, with Δm 92.8% (TG curve, thin red line). HS2 required 1.70 kJ  g−1. 
This slightly higher value resulted from the presence of glycerol, which contributed to polar interactions with 
the polymer base, reduced the vapor pressure of the gel and delayed the occurrence of this phenomenon by 12 
°C, as observed in the temperature range (x axis). For HS2 this phenomenon exhibited Δm 93.4% (TG curve, 
thick red line). Both gels decomposed above 150 °C.

Conclusions
Refined crude glycerol obtained from biodiesel production was introduced as a humectant in the hand sanitizer 
formulation, and a simple, rapid method for quantifying ethanol in ethanol-based gel hand sanitizers by HS-GC/
FID was employed. Finally, even after the COVID-19 pandemic, the demand for ethanol-based hand sanitizers 
remains high, and the method described was shown to furnish excellent results regarding the effectiveness as a 
hand sanitizer. It also represents an alternative use for the glycerol being produced on a large scale by biodiesel 
processes. The product satisfies the requirements of WHO that preconize formulation containing 1.45% glycerol 
as an humectant to protect HCWs skin against dryness and  dermatitis34.
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Figure 2.  Thermal behavior of Carbopol, 70% ethanol, glycerol and triethanolamine by thermogravimetry 
analysis (TG, red line), TG derivative in 1st order (DTG, pink line) and differential thermal analysis (DTA, black 
line).

Figure 3.  Thermal properties of gel alcohol in the hand sanitizer without (HS1—thin line) and with (HS2—
thick line) glycerol, by thermogravimetry (red line) and differential thermal analysis (black line).



7

Vol.:(0123456789)

Scientific Reports |         (2024) 14:5510  | https://doi.org/10.1038/s41598-023-49422-5

www.nature.com/scientificreports/

Data availability
In this study, data availability statements or the datasets generated and analyzed during the current work are 
available from the corresponding author on reasonable request.
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References
 1. Ben, Z. Y., Samsudin, H. & Yhaya, M. F. Glycerol: Its properties, polymer synthesis, and applications in starch-based films. Eur. 

Polym. J. 175, 111377. https:// doi. org/ 10. 1016/j. eurpo lymj. 2022. 111377 (2022).
 2. Ferrero, F. & Periolatto, M. Glycerol in comparison with ethanol in alcohol-assisted dyeing. J. Clean. Prod. 33, 127e131. https:// 

doi. org/ 10. 1016/j. jclep ro. 2012. 04. 018 (2012).
 3. Tamayo, J. G. Z., Bjorling, M., Shi, Y., Prakash, B. & Larsson, R. Micropitting performance of glycerol-based lubricants under 

rolling-sliding contact conditions. Tribol. Int. 167, 107348. https:// doi. org/ 10. 1016/j. tribo int. 2021. 107348 (2022).
 4. Gelinski, S. et al. Development and testing of a novel glycerol/chitosan-based biocide-free hydraulic fluid. J. Clean. Prod. 112, 

3589e3596. https:// doi. org/ 10. 1016/j. jclep ro. 2015. 11. 006 (2016).
 5. Glycerol—an overview. ScienceDirect Topics. https:// www. scien cedir ect. com/ topics/ chemi cal- engin eering/ glyce rol. (eds Wypych, 

G.) Handbook of Plasticisers. 2cnd Edn. (ChemTec Publishing, 2012)
 6. Abdollahi, M. & Behboudi, A. F. Encyclopedia of Toxicology, 3rd edn, 569–572. https:// doi. org/ 10. 1016/ B978-0- 12- 386454- 3. 

01142-8 (2014)
 7. Guerrero-Perez, M. O., Rosas, J. M., Bedia, J., Rodríguez-Mirasol, J. & Cordero, T. Recent inventions in glycerol transformations 

and processing. Recent Pat. Chem. Eng. 2(1), 11–21. https:// doi. org/ 10. 2174/ 18744 78810 90201 0011 (2009).
 8. Santos, A. L. & Johnson, D. B. Comparison of different small molecular weight alcohols for sustaining sulfidogenic bioreactors 

maintained at moderately low pH. Front. Bioeng. Biotechnol. 10, 937987. https:// doi. org/ 10. 3389/ fbioe. 2022. 937987. (2022) b) 
Using Glycerine to Make Better Spirits | Glycerine and Spirit Making (australianhomebrewing.com.au).

 9. Glycerine (confectioneryhouse.com). b) Glycerin | Baking Ingredients BAKERpedia
 10. The Many Faces of Glycerol Applications Uncovered (kumarmetal.com)
 11. Sharma, S., Pandeb, S. S. & Swaminathan, P. Top-down synthesis of zinc oxide-based inks for inkjet printing. RSC Adv. 7, 39411–

39419. https:// doi. org/ 10. 1039/ c7ra0 7150g (2017).
 12. Chiaula, V., Mazurek, P., Eiler, J., Nielsen, A. C. & Skov, A. L. Glycerol-silicone adhesives with excellent fluid handling and mechani-

cal properties for advanced wound care applications. Int. J. Adhes. Adhes. Link Artic. https:// doi. org/ 10. 1016/j. ijadh adh. 2020. 102667 
(2020).

 13. Carr, D. S. Lead compounds. in Ullmann’s Encyclopedia of Industrial Chemistry (Wiley-VCH, 2005).https:// doi. org/ 10. 1002/ 14356 
007. a15_ 249

 14. Klein, k. & Palefsky, I. Shampoo Formulation. Handbook for Cleaning/Decontamination of Surfaces. Humectant - an overview | 
ScienceDirect Topics. Handbook for Cleaning/Decontamination of Surfaces | ScienceDirect (2007)

 15. Iyer, S. N., Behary, N., Guan, J., Orhan, M. & Nierstrasz, V. Color-changing intensified light-emitting multifunctional textiles via 
digital printing of biobased flavin. RSC Adv. 10, 42512–42528. https:// doi. org/ 10. 1039/ d0ra0 5533f (2020).

 16. Harding, R. C. A Monthly Newspaper and Literary Review, Volume 1, Issue 2. Uses of Glycerine. (Pacific Printer.) | NZETC (victo-
ria.ac.nz). b) Herget G, Husseini B, Smolka R (2001) ROLLER WASH COMPOSITION. US 6,265,365 B1. 1498389842327370937–
06265365 (storage.googleapis.com) (1887).

 17. Blum JrRD (1946) HECTOGRAPH MASS. UNITED STATES PATENT OFFICE 2,412,200. 1498410877555912000–02412200 
(storage.googleapis.com)

 18. How to de-ice your car windscreen - Rias b) https:// www. rac. co. uk/ busin ess/ news- advice/ frosty- winds creens
 19. Hudgens, R. D., Hercamp, R. D., Francis, J., Nyman, D. A. & Bartoli, Y. An evaluation of glycerin (glycerol) as a heavy-duty engine 

antifreeze/coolant base. J. Fuels Lubr. 116(4), 834–849 (2007).
 20. Glycerols and Glycols (iloencyclopaedia.org)
 21. Grosjean, F., Bertschinger, M., Hacker, D. L. & Wurm, F. M. Multiple glycerol shocks increase the calcium phosphate transfection 

of non-synchronized CHO cells. Biotechnol. Lett. 28(22), 1827–1833. https:// doi. org/ 10. 1007/ s10529- 006- 9167-7 (2006).
 22. Schwingel, A. W. et al. The quality of crude glycerine influences the fermentation and nutritive value of Piatã grass silage. Rev. Bras. 

Zootec. 49, e20200114. https:// doi. org/ 10. 37496/ rbz49 20200 114 (2020).
 23. Murarka, A., Dharmadi, Y., Yazdani, S. S. & Gonzalez, R. Fermentative utilization of glycerol by Escherichia coli and its implica-

tions for the production of fuels and chemicals. Appl. Environ. Microbiol. 74, 1124–1135. https:// doi. org/ 10. 1128/ AEM. 02192- 07 
(2008).

 24. Choi, W. J. et al. Ethanol production from biodiesel-derived crude glycerol by newly isolated Kluyvera cryocrescens. Appl. Microbiol. 
Biotechnol. 89, 1255–1264. https:// doi. org/ 10. 1007/ s00253- 010- 3076-3 (2011).

 25. https:// www. austr alian homeb rewing. com. au/ learn/ spiri ts/ how- to- use- glyce rine- to- make- spiri ts/
 26. Mota, C. J. A., Pinto, B. P. & de Lima, A. L. Glycerol: A Versatile Renewable Feedstock for the Chemical Industry. 10 1007/978-3-

319-59375-3 (2017).
 27. Yang, E., Hanna, M. A. & Sun, R. Value-added uses for crude glycerol–a byproduct of biodiesel production. Biotechnol. Biofuels 

5(1), 1–10. https:// doi. org/ 10. 1177/ 00952 44312 462163 (2012).
 28. Sulek, M., Wasilewski, T. & Klimaszewska, E. Preparations and production technologies of cleansing milks based on cenosphere 

obtained from flying ashes. Pol. J. Chem. Technol. 11(1), 50–54. https:// doi. org/ 10. 2478/ v10026- 009- 0012-3 (2009).
 29. Sułek, M. W., Wasilewski, T. & Klimaszewska, E. (2013) Effect of type and concentration of organic solvent on usable properties 

of cenosphere-containing scouring milks. Chem. Ind. 89(8), 916–921 (2010).
 30. Klimaszewska, E. Development and assessment of the quality of cleaning preparations containing recycled raw materials. MAZO-

VIA Reg. Stud. 13, 83–105.
 31. Zhu, C., Chiu, S., Nakas, J. P. & Nomura, C. T. Bioplastics from waste glycerol derived from the biodiesel industry. J. Appl. Polym. 

Sci. 130(1), 1–13. https:// doi. org/ 10. 1002/ app. 39157 (2013).
 32. Pagliaro, M. Antifreeze and multipurpose cement aid. Glycerol https:// doi. org/ 10. 1016/ b978-0- 12- 812205- 1. 00004-7 (2017).
 33. Zhou, C. H., Beltramini, J. N., Fan, Y. A. & Lu, C. Q. Chemoselective catalytic conversion of glycerol as a biorenewable source to 

valuable commodity chemicals. Chem. Soc. Rev. 37(3), 527–549. https:// doi. org/ 10. 1039/ b7073 43g (2008).
 34. Menegueti, M. G. et al. Glycerol content within the WHO ethanol based handrub formulation: Balancing tolerability with anti-

microbial efficacy. Antimicrob. Resist. Infect. Control 8, 109. https:// doi. org/ 10. 1186/ s13756- 019- 0553-z (2019).
 35. Barbosa, S. L. et al. Preparation of activated charcoal from Acrocomia aculeata for purification of pretreated crude glycerol. Biomass 

Convers. Biorefin. https:// doi. org/ 10. 1007/ s13399- 020- 00745-7 (2020).
 36. Barbosa, S. L. et al. Environmentally friendly new catalyst using waste alkaline solution from aluminum production for the synthesis 

of biodiesel in aqueous medium. Bioengineering 10, 692. https:// doi. org/ 10. 3390/ bioen ginee ring1 00606 92 (2023).

https://doi.org/10.1016/j.eurpolymj.2022.111377
https://doi.org/10.1016/j.jclepro.2012.04.018
https://doi.org/10.1016/j.jclepro.2012.04.018
https://doi.org/10.1016/j.triboint.2021.107348
https://doi.org/10.1016/j.jclepro.2015.11.006
https://www.sciencedirect.com/topics/chemical-engineering/glycerol
https://doi.org/10.1016/B978-0-12-386454-3.01142-8
https://doi.org/10.1016/B978-0-12-386454-3.01142-8
https://doi.org/10.2174/1874478810902010011
https://doi.org/10.3389/fbioe.2022.937987
https://doi.org/10.1039/c7ra07150g
https://doi.org/10.1016/j.ijadhadh.2020.102667
https://doi.org/10.1002/14356007.a15_249
https://doi.org/10.1002/14356007.a15_249
https://doi.org/10.1039/d0ra05533f
https://www.rac.co.uk/business/news-advice/frosty-windscreens
https://doi.org/10.1007/s10529-006-9167-7
https://doi.org/10.37496/rbz4920200114
https://doi.org/10.1128/AEM.02192-07
https://doi.org/10.1007/s00253-010-3076-3
https://www.australianhomebrewing.com.au/learn/spirits/how-to-use-glycerine-to-make-spirits/
https://doi.org/10.1177/0095244312462163
https://doi.org/10.2478/v10026-009-0012-3
https://doi.org/10.1002/app.39157
https://doi.org/10.1016/b978-0-12-812205-1.00004-7
https://doi.org/10.1039/b707343g
https://doi.org/10.1186/s13756-019-0553-z
https://doi.org/10.1007/s13399-020-00745-7
https://doi.org/10.3390/bioengineering10060692


8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:5510  | https://doi.org/10.1038/s41598-023-49422-5

www.nature.com/scientificreports/

 37. Costa, B. R. B., El Haddad, L. P., Bigao, V. L. C. P. & Martinis, B. S. Quantifying Ethanol in ethanol-based hand sanitizers by head-
space gas chromatography with flame ionization detector (HS-GC/FID). J. AOAC Int. 105(1), 11–18. https:// doi. org/ 10. 1093/ jaoac 
int/ qsab1 21 (2022).

 38. Komintarachat, C. Methanol-based transesterification optimization of waste used cooking oil over potassium hydroxide catalyst. 
Am. J. Appl. Sci. 7(8), 1073–1078 (2010).

 39. AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA—ANVISA. Guia de controle de qualidade de produtos cosméticos. 2. ed. 
Brasília: Anvisa (2008). ISBN 978–85–88233–34–8

 40. AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA—ANVISA. Farmacopeia Brasileira. 6. ed. Volume I. Brasília: ANVISA, 
insumos-farmaceuticos-e-especialidades-ate-2a-errata-p-pdf-com-capa.pdf (www. gov. br) (2019a).

 41. AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA—ANVISA. RDC Nº 46, de 20 de Fevereiro de 2002. Brasília: ANVISA. 
Ministerio da Saude (saude.gov.br) (2002).

 42. Choobkar, G. A. D., Aghajani, A. R. & Ataee, M. Response surface optimization of pudding formulation containing fish gelatin 
and clove (Syzygium aromaticum) and cinnamon (Cinnamomum verum) powder: Effect on color, physicochemical, and sensory 
attributes of the final pudding product. Food Sci. Nutr. 10(4), 1257–1274. https:// doi. org/ 10. 1002/ fsn3. 2761 (2022).

 43. Knorst, M. T. Desenvolvimento tecnológico de forma farmacêutica plástica contendo extrato concentrado de Achyrocline sat-
ureioides. Lam. DC. Compositae. (Marcela) Porto Alegre, 228. Dissertação de Mestrado. Faculdade de Farmácia. Universidade 
Federal do Rio Grande do Sul (1991).

 44. Al-Nima, A. M., Alkotaji, M., Al-iraqi, O. & Ali, Z. H. Preparation and evaluation of ultrasound transmission gel. Asian J. Pharm. 
Clin. Res. 12(1), 422–427. https:// doi. org/ 10. 22159/ ajpcr. 2019. v12i1. 30150 (2019).

 45. Bhinge, S. D. et al. Formulation development and evaluation of antimicrobial polyherbal gel. in Annales Pharmaceutiques Françaises. 
349–358 (Elsevier Masson, 2017). https:// doi. org/ 10. 1016/j. pharma. 2017. 04. 006

 46. Villa, C. & Russo, E. Hydrogels in hand sanitizers. Materials 14(7), 1577. https:// doi. org/ 10. 3390/ ma140 71577 (2021).
 47. Pasquini, C., Hespanhol, M. C., Cruz, K. A. M. L. & Pereira, A. F. Monitoring the quality of ethanol-based hand sanitizers by low-

cost near-infrared spectroscopy. Microchem. J. 159, 105421. https:// doi. org/ 10. 1016/j. microc. 2020. 105421 (2020).
 48. Rodrigues, I. C., Andrade, L. H. G. & Andrade, R. F. Qualidade físico-química do álcool em gel disponibilizado em estabeleci-

mentos comerciais no município de Vitória da Conquista-BA durante o período de pandemia do COVID-19. Res. Soc. Dev. 11(7), 
e27611730114. https:// doi. org/ 10. 33448/ rsd- v11i7. 30114 (2022).

 49. Christensen, G. et al. Improved thermal conductivity of fluids and composites using boron nitride (BN) nanoparticles through 
hydrogen bonding. Thermochim. Acta 700, 178927. https:// doi. org/ 10. 1016/j. tca. 2021. 178927 (2021).

 50. Safitri, F. I., Nawangsari, D. & Febrina, D. Overview: Application of carbopol 940 in gel. in International Conference on Health and 
Medical Sciences (AHMS 2020) 80–8 (Atlantis Press, 2021). https:// doi. org/ 10. 2991/ ahsr.k. 210127. 018

 51. D’Angelo, I. et al. Alcohol-based hand sanitizers: Does gelling agent really matter?. Gels 8, 87. https:// doi. org/ 10. 3390/ gels8 020087 
(2022).

 52. Kusumawatia, N., Setiarso, P., Santoso, A. B. & Muslim, S. Expansion of hand hygiene compliance and decreasing counterfeiting 
of sanitation products in the era of the COVID-19 through diversification and standardization of alcohol-based gel and wipes 
hand sanitizer. Int. J. Adv. Sci. Eng. Inf. Technol. 12(1), 411–422. https:// doi. org/ 10. 18517/ ijase it. 12.1. 13940 (2022).

 53. Sallustio, V. et al. Design and characterization of an ethosomal gel encapsulating rosehip extract. Gels 9, 362. https:// doi. org/ 10. 
3390/ gels9 050362 (2023).

 54. Batool, S. et al. Macrophage targeting with the novel carbopol-based miltefosine-loaded transfersomal gel for the treatment of 
cutaneous leishmaniasis: In vitro and in vivo analyses. Drug Dev. Ind. Pharm. 47, 440–453. https:// doi. org/ 10. 1080/ 03639 045. 2021. 
18907 68 (2021).

 55. Agência Nacional de Vigilância Sanitária (2020) Resolucão de Diretoria Colegiada - RDC N 422, de 16 de Setembro de 2020. https:// 
www. in. gov. br/ en/ web/ dou/-/ resol ucao- de- diret oriac olegi ada- rdc-n- 422- de- 16- de- setem bro- de- 2020- 27790 6952 (Accessed 23 
November 2023)

 56. Agência Nacional de Vigilância Sanitária – Anvisa (2010) Resolucão de Diretoria Colegiada – RDC N 42, de 25 de outubro de 
2010, https:// bvsms. saude. gov. br/ bvs/ saude legis/ anvisa/2010/res0042_25_10_2010.html (accessed 23 November 2023)

 57. STRUIK LCE. Effect of thermal history on secondary relaxation processes in amorphous polymers. Polymer 28(1), 57–68. https:// 
doi. org/ 10. 1016/ 0032- 3861(87) 90318-1 (1987).

Acknowledgements
The authors acknowledge the support by the PRPPG/UFVJM in response to Resolução 15/2019, LMMA spon-
sored by FAPEMIG APQ-03088-2, the Fundação de Apoio à Pesquisa do Estado de Minas Gerais—FAPEMIG 
(Chamada Universal), 0004022 code and Programa de Pós-graduação em Ensino de Ciências Naturais e 
Matemática, Programa de Pós-graduação em Ensino de Ciências Naturais e Matemática/ UFRN. This study 
was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—Brasil (CAPES)—
Finance Code 001.

Author contributions
Author Contributions T.T.M. The author confirms sole responsibility for the following: data collection, and manu-
script preparation. M.C.V. The author confirms sole responsibility for the following: analysis and interpretation 
of results, and manuscript preparation. G.C. The author confirms sole responsibility for the following: analysis 
and interpretation of results, and manuscript preparation. D.L.N. The author confirms sole responsibility for the 
following: analysis and interpretation of results, and manuscript preparation. M.B.d.F.-M. The author confirms 
sole responsibility for the following: analysis and interpretation of results, and manuscript preparation. B.S.D.M. 
The author confirms sole responsibility for the following: analysis and interpretation of results, and manuscript 
preparation. J.F. The author confirms sole responsibility for the following: analysis and interpretation of results, 
and manuscript preparation. F.M.M. The author confirms sole responsibility for the following: analysis and 
interpretation of results, and manuscript preparation. S.G.D.d.S. The author confirms sole responsibility for the 
following: analysis and interpretation of results, and manuscript preparation. S.L.B. The author confirms sole 
responsibility for the following: study conception and design, data collection, analysis and interpretation of 
results, and manuscript preparation.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1093/jaoacint/qsab121
https://doi.org/10.1093/jaoacint/qsab121
http://www.gov.br
https://doi.org/10.1002/fsn3.2761
https://doi.org/10.22159/ajpcr.2019.v12i1.30150
https://doi.org/10.1016/j.pharma.2017.04.006
https://doi.org/10.3390/ma14071577
https://doi.org/10.1016/j.microc.2020.105421
https://doi.org/10.33448/rsd-v11i7.30114
https://doi.org/10.1016/j.tca.2021.178927
https://doi.org/10.2991/ahsr.k.210127.018
https://doi.org/10.3390/gels8020087
https://doi.org/10.18517/ijaseit.12.1.13940
https://doi.org/10.3390/gels9050362
https://doi.org/10.3390/gels9050362
https://doi.org/10.1080/03639045.2021.1890768
https://doi.org/10.1080/03639045.2021.1890768
https://www.in.gov.br/en/web/dou/-/resolucao-de-diretoriacolegiada-rdc-n-422-de-16-de-setembro-de-2020-277906952
https://www.in.gov.br/en/web/dou/-/resolucao-de-diretoriacolegiada-rdc-n-422-de-16-de-setembro-de-2020-277906952
https://bvsms.saude.gov.br/bvs/saudelegis/
https://doi.org/10.1016/0032-3861(87)90318-1
https://doi.org/10.1016/0032-3861(87)90318-1


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:5510  | https://doi.org/10.1038/s41598-023-49422-5

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 49422-5.

Correspondence and requests for materials should be addressed to S.L.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-023-49422-5
https://doi.org/10.1038/s41598-023-49422-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Purification and use of crude green glycerol from the transesterification of triglycerides in the formulation of an alcohol gel hand sanitizer
	Experimental
	Raw materials and chemicals
	Purification of the crude glycerol
	Preparation of the alcohol gel hand sanitizer
	pH determination
	Relative density
	Thermal behavior
	Apparent viscosity
	In vitro spreadability
	Ethanol concentration
	Statistical analysis

	Results and discussions
	1H NMR analysis of the purified glycerol
	Characterization of the gel alcohol hand sanitizer
	Ethanol concentration
	Thermal behavior

	Conclusions
	References
	Acknowledgements


