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Abstract— The increasing cases of infection and the number of deaths triggered by COVID-19 make all prevention and treatment 

efforts urgent. Increased discipline to maintain hand hygiene must be sought immediately to break the chain of its spread. The 

availability of alcohol-based hand sanitizer products with various specifications is needed to ensure increased discipline in hand hygiene. 

This study carried out the diversification of alcohol-based hand sanitizers by varying the active ingredients and preparations. The effect 

of alcohol on the characteristics and anti-microbial activity of the gel and wipe hand sanitizer products was studied to obtain optimal 

benefits. The best hand sanitizer characteristics are shown in gel formulation 3 with bioethanol as an active ingredient, which has pH 

5.88, good homogeneity, density 0.95 g/cm3, viscosity 2783.69 cPs, dispersibility 5.16 cm, adhesion 3.21 s, and dry time 29.27 s. While 

the best formulation of wipe hand sanitizer produced by formulation 3 made from bioethanol has a pH of 6.14, good homogeneity, 

density 0.86 g/cm3, viscosity 2.812 cPs, spreadability 15.34 cm, adhesion 1.92 s, and dry time 18.20 s. The biological activity test results 

of the two best hand sanitizer formulations, gel, and wipe preparations, showed good anti-microbial activity against Escherichia coli, 

Staphylococcus aureus, and Salmonella. In addition, the two preparations of hand sanitizer products were also detected to have good 

stability characteristics up to 4 weeks of storage time. 
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I. INTRODUCTION

The emergence of new pathogens, whether bacteria or 

viruses, has always been a challenge for people worldwide. 
One of these dangerous pathogens is "severe acute respiratory 

syndrome coronavirus 2" (SARS-CoV-2), which causes 

COVID-19 [1]. In its development, until November 2020, 

SARS-CoV-2 resulted in 55 million cases of infection with 

death, more than 1.3 million people worldwide [2], [3]. With 

cases of infection and death continuing to increase, serious 

efforts must be made to address them. The absence of an 

effective treatment for this virus has made prevention efforts 

possible to overcome the health problems triggered by 

COVID-19. In this regard, the Center for Disease Control and 

Prevention (CDC) recommends routine hand cleaning as an 
effort to prevent the transmission of COVID-19 [4]. The 

general public is recommended to keep their hands clean by 

washing their hands in running water with soap. This can be 

a problem for people in areas with minimal access to clean 

water. In this case, the use of alcohol-based hand sanitizers is 
a popular alternative. 

Alcohol-based hand sanitizers are capable of generating 

broad-spectrum anti-microbial activity in a short time [2], 

[5]–[8]. The content of 62% -90% alcohol effectively kills 

bacteria, fungi, or viruses through the denaturation of 

microbial proteins [5], [9]. This product can be made from 

propanol, isopropanol, and ethanol. However, the cause of 

simplicity, effectiveness and less time lead to high demand for 

ethanol-based hand sanitizers (EBHS) [5]–[7]. The increasing 

popularity of EBHS in preventing COVID-19 poses 

significant risks to public health, from lack of market 
availability due to stockpiling to counterfeiting. There are two 

types of EBHS adulteration: the content of the active 

ingredients replaced by methanol [2], [8], and the ethanol 
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content of below 60%. Methanol should not be used as a hand 

sanitizer because it causes systemic toxicity and death [8]–

[16]. Meanwhile, the ethanol content of less than 60% does 

not have a biocidal effect, so unwittingly, it makes the public 

vulnerable to the spread of COVID-19. These various 

conditions can be overcome, one of which is through 

formulation standardization of hand sanitizers based on 

isopropanol and bioethanol as well as a combination of both, 

to produce HS with characteristics similar to EBHS. This 

effort is expected to increase the availability of HS products 

which are alternatives in the market. Thus, counterfeiting of 
EBHS products can be suppressed.  

Washing hands with HS, can reduce transient virus levels, 

either through non-activation or by physically removing the 

virus from the skin. The relative efficacy of this method has 

not been sufficiently studied. While an early study reported 

the use of wet wipes with alcohol content had no better 

properties against bacteria than ordinary wet wipes, non-

antimicrobial soap, and water, due to the low volume and 

concentration of alcohol in the wipes [17]. However, the 

effect of active compounds isopropanol and bioethanol has 

not been reported using their combinations, higher 
concentrations in tissue, and comparison of the effectiveness 

of hand sanitizer gels and wipes in health care settings [18]. 

Therefore, this research aims to obtain alcohol-based hand 

sanitizer formulations and preparations that have high anti-

microbial activity and have various advantages in use, such as 

acceptable adhesion and fast dry time. The increasing variety 

of alcohol-based hand sanitizer products on the market is 

expected to increase discipline in maintaining hand hygiene 

while reducing the level of counterfeiting sanitary products. 

II. MATERIALS AND METHOD 

A. Material 

The manufacture of gel hand sanitizer uses a number of 

ingredients, such as carbomers (Carbopol-940, Chemindo-

Indonesia) and triethanolamine (TEA) (>98%, Merck) which 

are used as gel preparations, as well as glycerol 98%, Merck-

Indonesia) and isopropyl myristate (IPM) (98%, Sigma-

Aldrich-Australia) and alcohol which is used as the main 

component of both types of hand sanitizer preparations. 

Alcohol's active ingredients used for sanitation products 

include ethanol (96%, Sigma-Aldrich-Australia), bioethanol 

(96%, Merck-Indonesia), and isopropanol (≥99.8%, Sigma-

Aldrich-Australia). Coffee essential oil (100%) is added from 
Natural Pedia (India) to give a pleasant aroma. Specifically, 

making a hand sanitizer wipe only uses the main components 

(Table 4). This research was conducted following a 

systematic stage, as shown in Figure 1. 

 

 

Fig. 1  Research systematic stage 
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B. Making of Gel Hand Sanitizer 

Making gel hand sanitizer includes three stages: forming a 

gel base, mixing active ingredients, and making hand sanitizer 

products. The gel base was prepared by dissolving 0.38% 

carbomer in 16.915% distilled water which had been heated 

to a temperature of 80 ⁰C. Stirring is carried out until a gel 

basis is formed. To condition the pH, 0.095% triethanolamine 

(TEA) was added to it and stirred until it was homogeneous. 
In the second stage, 11.65% glycerin and 0.77% isopropyl 

myristate (IPM) were added to the active ingredient of 70% 

alcohol and stirred until homogeneous. The active alcoholic 

ingredient is then added gradually to the gel basis, 

accompanied by stirring using a magnetic stirrer at a speed of 

1000 rpm for 30 minutes. To give a pleasant aroma, 0.19% 

Coffea essential oil is added to the gel hand sanitizer. 

C. Making of Wipes Hand Sanitizer 

The manufacture of wipes hand sanitizer includes two 

stages: the manufacture of hand sanitizer fluid and the 

manufacture of wipe hand sanitizer. To obtain hand sanitizer 

fluid, 11.65% glycerin is added on a 70% alcohol basis. 

Stirring is done until all the glycerin is evenly mixed in the 

alcohol base. Subsequently, 0.77% IPM, 17.39% aquadest 

and 0.19% essential oil were added. Stirring is applied until 

all ingredients are homogeneously mixed in the alcohol base. 

Five hundred milliliters of hand sanitizer liquid are then 

poured evenly over the entire surface of the 100 sheets of 

tissue material that have been placed in a vacuum and then 

closed tightly. To ensure that the entire surface of the tissue 
has been coated with hand sanitizer liquid, leave the tissue for 

24 hours at a temperature of 5 ⁰C. 

D. Quality Determination 

To obtain the quality of hand sanitizer products, a number 

of tests were carried out, including pH, homogeneity, density, 

viscosity, dispersibility, adhesion, dry time, and stability. 

1) pH 

 Gel hand sanitizer. One gram of hand sanitizer gel is 

diluted using 10 mL of distilled water and stirred until 

homogeneous. The solution is then measured using a 

Mi-150 pH meter.  

 Wipes hand sanitizer. Ten milliliters of liquid obtained 

from the wipe hand sanitizer were measured using a pH 

meter. 

2) Homogeneity: The same procedure carried out the 

homogeneity measurement of gel and wipe hand sanitizer. 

One gram of gel hand sanitizer or 1 g of liquid from the wipe 

hand sanitizer is placed on a petri dish to observe the sampling 

results in 3 parts: top, middle, and bottom. Good homogeneity 

is indicated in the absence of coarse grains.   

3) Density: Density measurement is done using a 

pycnometer (Pyrex-Iwaki). The gel hand sanitizer and the 

liquid produced from the wipe hand sanitizer are put into the 

pycnometer until it reaches the limit mark, then weighed using 

OHAUS PA224 analytical balance. The resulting density is 
calculated using equation (1). 

 
 ������� (


��� ) =  
���������� ��� ������ ���� � ���������� ����

����������  ��!��
 (1) 

4) Viscosity: The viscosity measurement of gel and wipes 

hand sanitizer was carried out with the same procedure using 

002-7580 Thermo Scientific Falling ball Viscometer. 

Specifically, the sample is filled until the tube is filled, and 

then the ball is inserted into it according to the measured 

sample viscosity. The higher the viscosity level, the greater 

the density and ball constant used. In Table 1, the ball density 

sequence on the viscometer measurement is shown. 

TABLE I 

LIST OF BALL SEQUENCES ON THE THERMO SCIENTIFIC FALLING BALL 

VISCOMETER 

No Material Density 

(g/cm3) 

K 

1. Boron Sillica Glass 2.2 0.007 

2. Boron Sillica Glass 2.2 0.09 

3. Nickel Iron Alloy 8.1 0.09 

4. Nickel Iron Alloy 8.1 0.7 

5. W.-No. 4304 7.7-8.1 4.5 

6. W.-No. 4304 7.7-8.1 33 

 
The viscosity of the test results is calculated using equation 2. 

 " = K (#$−#&) t (2) 

Where, " is sample viscosity (mPa.s); K is the ball constant 

(mPa.s.cm3/g.s); #$ = ball density (g/cm3); #& = sample 

density (g/cm3); � = travel time ball (s). 

5) Dispersibility: For dispersibility determination, use 2 

pieces of square glass of the same size. A line is drawn using 

a pencil and ruler on each glass until it meets the center point. 

Half a gram of gel hand sanitizer and liquid from wipes hand 
sanitizer is placed right at the center of the glass, then covered 

with another glass for one minute. The diameter of the gel and 

liquid distribution at 4 points was measured to get the average 

value. Then on top of the cover glass, a load of 50 g is placed, 

let stand for 1 minute, and then the diameter of the spread is 

measured. The same procedure was carried out for additional 

loads of 100, 150, 200, 250, and 300 g, and then the average 

gel and liquid spread diameter was calculated. In Table 2, the 

gel and liquid wipe hand sanitizer dispersibility test sheet is 

presented, which is then calculated using equation (3). 

TABLE II 

GEL AND LIQUID WIPES HAND SANITIZER DISPERSIBILITY TEST SHEET  

Load Weight (g) Diameter (cm) 

0 X1 

50 X2 
100 X3 
150 X4 

200 X5 
250 X6 
300 X7 

 

 Dispersibility = 
'( ) '*) '+)',) '-) '.)'/

0
 (3) 

6) Adhesion: The adhesion determination of the gel and 

wipe hand sanitizer products is carried out using the same 

procedure. The test is carried out using a pair of slides (A and 

B) which are clamped and given a rope connected to the 

weights at both ends. A quarter of a gram of hand sanitizer gel 
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is placed on glass A and on top of it is placed glass B. On the 

top of glass B, a load of 1 kg is given for 5 minutes to ensure 

that the hand sanitizer adheres perfectly. The tip of glass A 

was given a load of 1 kg, while the tip of glass B was given a 

load of 80 g. The 80 g load is then removed, and the time 

required for the two glasses to come off was calculated.  

7) Dry time: The drying time test for the gel and wipe 

hand sanitizer was carried out using the same procedure. Fifty 

mg of gel or wipe hand sanitizer is rubbed on the hands with 

an area of 2 cm2. The spread of gel and liquid from the hand 

sanitizer wipe is smoothed using a spatula for 5 seconds, and 
then the dry time is calculated using a stopwatch. 

8) Stability: To determine the stability of gel and wipe 
hand sanitizer products, tests were carried out on pH, 

homogeneity, density, viscosity, dispersibility, adhesion, and 

dry time from week 1 to week 10. 

9) Anti-microbial activity: The gel and wipe hand 

sanitizer products' antibacterial activity was evaluated using 

the liquid diffusion method. This method measures the 

presence or absence of colony growth to know the presence 

or absence of bacterial activity. The method used was to 

prepare the bacterial inoculum by measuring the 
transmittance on a spectrophotometer at a wavelength of 580 

nm until 25% transmittance was obtained, making a 19800 µL 

nutrient broth solution in a tube and then adding 200 µl of 

bacterial inoculum in each tube. The next step is to put 2 ml 

of the sample into the tube and then add 200 µl of nutrient 

broth solution, which has been added with the bacterial 

inoculum (3 times replication). 2 ml of sterile water was also 

made then added with 200 µl of nutrient broth solution which 

had been added to the inoculum as a negative control in a 

different tube. The next step was to make a 100 ppm 

streptomycin solution which was put in the tube and then 
added 200 µl of nutrient broth solution, which had been added 

with the bacterial inoculum as a positive control. This was 

followed by incubation the sample at 32.5 °C for 18-24 hours 

for 24 hours and observed growth. If the solution in the tube 

is cloudy, there is bacterial growth. If the observation is in 

doubt, take 1 ml of the sample and put it in a Petri with a 

diameter of 9 cm then pour the nutrient media so that what has 

been diluted and has a temperature of ± 40°C as much as ± 15 

mL, let it cool and solidify. The next step was incubation in 

the incubator at 32.5°C for 24 hours. After the incubation 

period, the sample is removed from the incubator and then 

observes the Petri whether there is colony growth or not. 

III. RESULTS AND DISCUSSION 

A. Making Hand Sanitizer 

The making of gel and wipe hand sanitizer follows the 

formulation shown in Table 3. The procedure for making gel 

hand sanitizer is divided into three stages. The first stage is 

forming a gel base from the carbomer and TEA. Carbomers 

act as gelling water-soluble polymers. Its stable and 

hygroscopic nature as well as soluble in water, alcohol, and 
glycerin, make this gelling agent widely used in semi-solid 

product formulations [19]. Furthermore, carbomer is also 

known to have the advantage of having a clear gel appearance 

(transparent) with good texture and stability. This material 

also readily binds water but is slow in releasing liquids [20]. 

In the formulation, distilled water is not only used to dissolve 

carbomers but also to dilute the active ingredients of alcohol 

which are required for denaturing the proteins of 

microorganisms [5], [21], [22].  

Triethanolamine (TEA) is responsible as a pH regulator 

and stabilizer in hand sanitizer formulations [21], [23]. This 

material has a pH of 10.5 and dissolves in water, methanol, 

carbon tetrachloride, and acetone [24]. In the gel formulation, 

the effective and stable concentration of TEA to neutralize pH 

and carbomer-based purification was 1% w/v. The interaction 

of hydrogen bond formation between the carbomer and TEA 
is thought to be mediated by the hydroxyl group (-OH) on 

TEA and the carbonyl group (C = O) on the gelling agent 

(carbomer) [20]. The more hydrogen bonds there are, the 

stronger the bonds formed so that the viscosity is higher.  

TABLE III 
THE FORMULATION OF GEL HAND SANITIZER  

Material G1 G2 G3 G4 G5 G6 

Ethanol (g) 21 0 0 8.4 0 12.6 

Isopropano

l (g) 

0 21 0 0 8.4 8.4 

Bioethanol 

(g) 

0 0 21 12.6 12.6 0 

Carbomer 

(g) 

0.114 0.114 0.114 0.114 0.114 0.114 

TEA (g) 0.028

5 

0.028

5 

0.028

5 

0.028

5 

0.028

5 

0.028

5 

Glyserin 

(g) 

3.465 3.465 3.465 3.465 3.465 3.465 

IPM (g) 0.231 0.231 0.231 0.231 0.231 0.231 

Essential 

oil (g)  

0.057 0.057 0.057 0.057 0.057 0.057 

Aquadest 

(g) 

5.074

5 

5.074

5 

5.074

5 

5.074

5 

5.074

5 

5.074

5 

TABLE IV 
THE FORMULATION OF WIPE HAND SANITIZER  

Material W1 W2 W3 W4 W5 W6 

Ethanol (g) 21 0 0 8.4 0 12.6 

Isopropanol 

(g) 

0 21 0 0 8.4 8.4 

Bioethanol 

(g) 

0 0 21 12.6 12.6 0 

Carbomer (g) 0 0 0 0 0 0 

TEA (g) 0 0 0 0 0 0 

Glyserin (g) 3.495 3.495 3.495 3.495 3.495 3.495 

IPM (g) 0.231 0.231 0.231 0.231 0.231 0.231 

Essential oil 

(g) 

0.057 0.057 0.057 0.057 0.057 0.057 

Aquadest (g) 5.217 5.217 5.217 5.217 5.217 5.217 

 

The second stage is making a mixture of the active 

ingredients alcohol (ethanol, isopropanol, and bioethanol) 

with glycerin and IPM. Glycerin functions as an emollient or 

moisturizer that counteracts the negative effects of alcohol 

which can trigger dry and irritated skin due to astringent 
absorption [23], [25]. Emollients also increase antibacterial 

activity by slowing down the drying time or extending the 

deposition time of alcohol on the skin surface [22]. Ethanol, 

isopropanol and bioethanol have a role as active ingredients 

with a germicidal activity that can kill microorganisms such 

as bacteria, fungi, or viruses through protein denaturation, 

while IPM is a non-greasy softener that is easily absorbed by 

the skin. This material is used as a base for semi-solid 

products [26], [27].  
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The third stage is the manufacture of hand-sanitizer gel by 

adding active ingredients to the gel base. The addition of 

coffea essential oil to gel hand sanitizer products functions as 

a fragrance agent and as an antioxidant and anti-microbial 

agent [23], [28]. Specifically, the manufacture of wipe hand 

sanitizer products follows the same procedure, but without the 

addition of carbomer and TEA. Hand sanitizer liquid that 

already contains active ingredients of alcohol, glycerin, IPM, 

essential oil, and aqua dest is then poured evenly on the wipe 

from spunlace nonwoven fabric, generally used as raw 

material for wet tissue products. Furthermore, the wipe hand 
sanitizer products are stored at a temperature of 5 ⁰C for 24 

hours to ensure the homogeneity of the sanitizer fluid on the 

wipe material. 

B. pH  

The viralidal effect of ethanol-based hand sanitizer against 

Norovirus (NoV) was reported to be increased at neutral pH 

[29], while Park et al. (2010) reported an increase in viralidal 

effectiveness along with a decrease in pH from 7.4 to 3. 
However, because direct contact with the skin takes place 

intensively, especially during the current COVID-19 

epidemic, hand sanitizer products must be ensured to have the 

appropriate pH or closer to the pH of the skin, namely 4.5-6.5 

[30]. A pH value that is too acidic can cause skin irritation, 

while a pH that is too alkaline can lead to the appearance of 

scaly skin [31]. Table 5 and Table 6 respectively show the pH 

values of six gel and wipe hand sanitizer product formulations. 

TABLE V 
GEL HAND SANITIZER PH 

Parameter G1 G2 G3 G4 G5 G6 

pH 5.95 5.98 5.88 6.06 5.90 5.86 

Homogeneity 

N
o

 

g
ra

n
u

le
s 

N
o

 

g
ra

n
u

le
s 

N
o

 

g
ra

n
u

le
s 

N
o

 

g
ra

n
u

le
s 

N
o

 

g
ra

n
u

le
s 

N
o

 

g
ra

n
u

le
s 

Density (g/cm3) 0.83 0.88 0.95 0.82 0.85 0.86 

Viscosity (cPs) 2.225 2.026 2.783 2.172 2.521 2.130 

Dispersi- bility 

(cm) 

5.37 6.05 5.16 5.54 5.26 5.81 

Adhesion (s) 2.33 1.95 3.21 2.17 2.19 2.05 

Dry Time 

(s) 

23.25 27.65 29.27 23.19 20.87 25.64 

 

Table 5 shows that, in general, all hand sanitizer gel 

product formulations produced have a pH value in the range 

5.88-6.0. In line with this, the six wipe hand sanitizer 

formulations had a pH in the range 6.07-6.99, as shown in 

Table 6. Thus, all gel and wipe hand sanitizer formulations 
are safe to use because they have a pH in the skin-tolerant pH 

range, namely 4.5-7.5 [30], [31]. Specifically, gel hand 

sanitizer has a lower pH range than wipe hand sanitizer 

products. This is a consequence of the reaction between the 

carbomer and the alcohol, resulting in a mixed pH of 5.86 [32], 

[33]. The type of alcohol did not significantly affect the pH 

value of the gel and wipe hand sanitizer product. 

C. Homogeinity 

The homogeneity test was carried out to observe the 

evenness of the gel and hand sanitizer fluid distribution from 

the wipe. However, the presence of the homogeneity test 

plays a more significant role in the gel than the wipe hand 

sanitizer product because the liquid base in the wipe hand 

sanitizer product has a much lower level of mixing difficulty 

than the gel base. The low particle density of the liquid base 

in the wipes hand sanitizer makes it easier for other particles 

to enter so that they reach homogeneous mixing conditions 

faster than on a gel base. Specifically, a good gel must meet 

the requirements of SNI No. 06-2588-1992, which does not 

have coarse grains or lumps [34]. Based on the data from the 

homogeneity test results, as shown in Table 5, all hand 

sanitizer gel formulations showed good gel homogeneity, 

which was indicated by the uniform dispersion of the gel or 
not observing the formation of granules on one side. 

Meanwhile, according to initial predictions, all formulations 

of wipe hand sanitizer products have excellent homogeneity, 

much better than hand sanitizer gels (see Table 6). 

TABLE VI 
WIPE HAND SANITIZER PH  

Parameter W1 W2 W3 W4 W5 W6 

PH 6.99 6.39 6.14 6.07 6.26 6.47 

Homogeneity 

N
o

 

g
ra

n
u

le
s 

N
o
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ra

n
u
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N
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N
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N
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g
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n
u
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Density g(g/cm3) 0.83 0.82 0.86 0.87 0.84 0.83 

Viscosity (cPs) 2.696 4.076 2.812 3.109 3.604 3.201 

Dispersi-bility 

(cm) 

16.09 11.39 15.34 14.46 13.54 13.95 

Adhesion (s) 1.12 2.66 1.92 1.41 2.19 1.14 

Dry Time (s) 18.52 16.31 18.2 22.42 24.16 20.55 

D. Density 

Based on Table 5 and Table 6, shows that the gel hand 

sanitizer product has a density in the range 0.82 - 0.95 g/cm3, 

while the wipe hand sanitizer product is in the range 0.82 - 
0.87 g/cm3. Specifically, among the six formulations in the 

manufacture of gel hand sanitizer, formulation 3 with the 

active ingredient bioethanol produced the highest density, 

which was 0.95 g/cm3, while formulation 4 with the active 

ingredient from a combination of ethanol and bioethanol 

produced the lowest density, which was equal to 0,82 g/cm3. 

Meanwhile, for the wipe hand sanitizer, formulation 4 with 

the active ingredient from a combination of ethanol and 

bioethanol produced the highest density, 0.87 g/cm3, while 

formulation 2 with the active ingredient isopropanol produced 

the lowest density, which was 0.82 g/cm3. The density test 

results of the six formulations, both from gel and wipe hand 
sanitizer, showed that the type of active ingredient affected 

the density of the hand sanitizer. However, there is a slight 

difference in the highest and lowest density yields for gel and 

wipe hand sanitizer products. This is predicted to be related to 

the reaction that occurs between the active ingredient (alcohol) 

the gelling agent (carbomer), and the pH controller (TEA) in 

the hand sanitizer gel product.  

The characteristic properties of carbomers are influenced 

by the function of concentration, pH, and crosslinking density. 

The selection of solvent for carbomers is an important factor 

because it affects the hydrogen bonds between water 
characteristics. Water solvents are widely used in dissolving 

carbomers with hydroalcoholic systems. Likewise, the 

addition of glycerin can modify the hydrogen bonds between 

water, solvents, and polymers so that it affects the swelling 

and viscoelasticity of the polymer. The addition of 
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triethanolamine (TEA) to the gel formation system functions 

to neutralize the carboxylate groups of the polymer. In the 

neutralization process, microgel particles swell, forming a 

solid structure to form an elastic network. The entanglement 

between the long chains and the side chains of the 

microparticles of other compounds also influences the 

network structure [35], [36]. The swelling of the microgel to 

form a dense elastic structure with the effect of the addition 

of triethanolamine causes the polymerization reaction of 

carbomers.  

E. Viscosity  

Viscosity is an important parameter that must be 

considered when preparing hand sanitizer formulations, 

especially gel-based [37]. Gel hand sanitizers are thought to 

ensure disinfection can reach a wider surface area of the hands 

before evaporating with a small amount of dirt or residue. Gel 

that is too thin is easy to handle, but drips easily and leads to 

product inefficiency. Meanwhile, the gel that is too thick 

makes the evaporation process too long, leaving the user's 
hands in an oily condition for longer [38]. A good hand 

sanitizer must pay attention to disinfecting ability and 

practicality in use [39].  

Accurate rheological measurements are the key to physical 

engineering characteristics that produce hand sanitizing gel 

products of the highest qualifications. The viscosity of the gel 

hand sanitizer product in this study is shown in Table 5. The 

results of the viscosity analysis on the six gel hand sanitizer 

formulations showed that the formulations 3 with the active 

ingredient bioethanol showed the highest viscosity (2,783 

cPs), while the formulations 2 with the active ingredient 

isopropanol showed the opposite results, showed the lowest 
viscosities (2,026 cPs). The wipe hand sanitizer also showed 

similar results, where the highest viscosity (4.076 cPs) was 

produced by the formulation 2 with the active ingredient 

isopropanol, while the lowest viscosity (2.696 cPs) was 

produced shown by the formulation 1 with the active 

ingredient ethanol.  

The use of the right gelling agents is a major determinant 

of the viscosity of the formulation. A number of other factors 

also play a role, although not directly, in the final viscosity of 

the hand sanitizer product. Essential oils, for example, , even 

if added in small amounts, have the potential to change the 
behavior of the gel texture. However, the composition of all 

materials, excluding the alcohol, has been controlled in the 

manufacture of hand sanitizer products, both gels and wipes. 

The resulting viscosity is predicted to be influenced by the 

type of alcohol used. This is in line with the viscosity values 

of alcohol used in the manufacture of hand sanitizers in this 

study, namely ethanol of 1.317 cPs, isopropanol of 2.101 cPs, 

bioethanol of 1.452 cPs, bioethanol-ethanol 1.352 cPs, 

bioethanol-isopropanol 1.672 cPs, and ethanol-isopropanol 

1.559 cPs at 30 ⁰C. The viscosity of hand sanitizer products 

can change due to the influence of temperature, humidity, and 
conditioning. Therefore, proper post-production handling is 

absolutely necessary to be able to maintain the targeted 

viscosity. 

In gel formulations, the interaction between carbormer and 

alcohol is the main factor determining the viscosity of a hand-

sanitizer preparation. In particular, the addition of the active 

alcohol ingredient in the form of isopropanol has decreased 

even though isopropanol has a higher viscosity than ethanol, 

which is 2.101 cPs. This occurs because of the presence of a 

methyl group as a side chain in isopropanol, a type of 

secondary alcohol, thereby reducing the possibility of other 

molecules approaching and affecting hydrogen bonding 

molecules. In addition, the effect of the bond between 

hydrogen alcohol and carbormer has an effect on the 

dehydrating effect of alcohol. Isopropanol has a lower 

hydrogen bond compared to ethanol so that the dehydration 

effect of alcohol on isopropanol is more dominant and has an 

impact on significantly reducing viscosity [40]. 

F. Dispersibility 

The spreadability test was conducted to determine the 

ability of the hand sanitizer to spread on the skin surface. 

Semi-solid preparations are expected to have the ability to 

spread easily at the place of application, without significant 

pressure. The easier it is to apply to the skin, the more surface 

area the active ingredient contacts the skin. The results of the 

tests carried out showed that all gel hand sanitizer 
formulations were able to spread easily on the skin surface, 

which was indicated by the acquisition of the dispersion value 

in the range 5.16-6.05 cm. This fact is supported by the 

acquisition of the dispersibility value that has met the 

dispersibility requirements for topical preparations (cream, 

lotion and ointment based), which is around 5-7 cm [41]. The 

sanitizing fluid has generated a higher dispersive power value 

in the wipes hand sanitizer product. As shown in Table 6, the 

spreadability of the wipes hand sanitizer products is in the 

range 11.39 -16.09 cm.  

Good dispersibility results in quick contact between the 

active ingredients of the hand sanitizer and the skin. The 
increase and decrease in spreadability is strongly influenced 

by the consistency of the gel, which is related to the viscosity 

value of the preparation. The high viscosity value of the 

preparation will result in a low spreadability area and vice 

versa. This happens because the high viscosity makes the gel 

difficult to flow so that the resulting spread area becomes 

small [42]. The lower viscosity compared to the gel hand 

sanitizer is what causes the wipes hand sanitizer product to 

have a much higher spreadability. 

From the six formulations, it appears that the different 

types of alcohol as an active ingredient have had a significant 
effect on the change in the dispersibility of gels and wipes 

hand sanitizer, where the use of ethanol, isopropanol and 

bioethanol with viscosities which are consecutively 

increasing, has resulted in hand sanitizer products with lower 

dispersibility. Likewise, the formulation involves a 

combination of the active ingredient bioethanol with ethanol 

and isopropanol.  

G. Adhesion 

Adhesion describes the ability of gel and wipes hand 
sanitizer products to stick to the skin surface. The higher 

ability of hand sanitizer products to stick to the skin surface 

allows the active substance to provide a longer-lasting 

biological effect. The adhesion is directly proportional to the 

viscosity of the hand sanitizer product [43], [44]. The higher 

the viscosity of the hand sanitizer, the higher the adhesion. 

However, it should be noted that too strong adhesion will 
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cover the skin pores, and if it is too weak, the sanitary effect 

will not be achieved [45], [46].   

In the gel and wipes hand sanitizer products produced in 

this study, the variation of alcohol affects the viscosity of the 

preparation so that it affects its adhesion. As shown in Table 

5 and Table 6, the results of the adhesion analysis on the six 

formulation gel hand sanitizer the use of the active ingredient 

bioethanol produces a hand sanitizer product with a higher 

adhesion power of, which is 3.21 s compared to isopropanol 

and ethanol, which are 1.95 s and 2.33 s respectively. The 

dominance of the effect of bioethanol viscosity on adhesion is 
also observed from the adhesion of hand sanitizer products 

with active ingredients that combine bioethanol with ethanol 

and isopropanol. Wipe hand sanitizer the use of the active 

ingredient isopropanol produces a hand sanitizer product with 

a higher adhesion power of 2.26 s compared to ethanol and 

bioethanol, which are 1.12 s 1.92 s respectively. The adhesion 

ability of hand-sanitizer wipe preparations on the skin is based 

on the viscosity and dispersibility of the preparation, where 

the higher the viscosity, the more difficult the preparation is 

to flow or the greater its resistance [47]. 

H. Dry Time 

Drying speed test shows the time required for each gel and 

wipes hand sanitizer formula to dry on the skin of the palms 

(front and back of the skin of the palms with an area of 2 cm2). 

Among the six gel hand sanitizer product formulations, the 

hand sanitizer with the active ingredient bioethanol takes the 

longest time to dry than the active ingredient ethanol and 

isopropanol and their combinations because of the viscosity 

of bioethanol is higher than other alcoholic active ingredients. 

On the other hand, gel hand sanitizer products made from a 
combination of bioethanol and isopropanol resulted in the 

shortest time to dry. The opposite result is shown by the wipe 

hand sanitizer product, where the W5 formulation with the 

active ingredient, which is a combination of bioethanol and 

isopropanol shows the longest drying time, while the W1 

formulation with the active ingredient ethanol shows the 

fastest drying time. These results indicate that the viscosity 

resulting from the use of different types and compositions of 

alcohol-based active ingredients in manufacturing greatly 

affects the sanitary products' drying time. The higher the 

viscosity of the sanitary product, the slower the drying time 
of the hand sanitizer product. This fact is reinforced by the 

viscosity gain of each type and composition of the alcoholic 

ingredient previously described. All drying time results for 

gel hand sanitizer are shown in Table 5, while for wipe hand 

sanitizer products are shown in Table 6. 

I. Stability 

The results of the evaluation of pH, homogeneity, density, 

viscosity, dispersibility, adhesion, and dry time of the six gel 

and hand sanitizer product formulations from week 1 to week 
4 showed fairly high stability at room temperature (± 30 ° C). 

The pH, homogeneity, density, viscosity, dispersibility, 

adhesion, and dry time values in the first to the tenth week are 

shown in Fig. 2 – Fig. 7 for gel hand sanitizer and Fig. 8 – Fig. 

13 for wipe hand sanitizer. 

The pH stability of the gel and wipe hand sanitizer products 

was indicated by a shift in the pH value for 10 weeks at room 

temperature storage (± 30 °C). Based on the data in Table 7, 

it was found that there was no detectable decrease in the pH 

until the third week. Meanwhile, after the 10th week, a 

decrease in pH was detected respectively by 5.91, 5.92, 5.84, 

6.01, 5.85, and 5.82 for commercial products, formulation 1, 

2, 3, 4, 5, and 6 for gel hand sanitizer and amounting to 6.25, 

6.34, 6.42, 6.48, 6.60 and 6.57 for commercial products, 

formulation 1, 2, 3, 4, 5, and 6 on wipe hand sanitizer products. 

However, the decrease that occurred was not significant, and 

the pH value obtained was still within the skin pH range, 

which was 4.5-6.5. This is predicted to occur due to the 

hydrolysis process triggered by room temperature. This 
condition further lowers the pH. These results are in line with 

those reported in a number of publications [48][49]. Thus, 

storing gel and wiping hand sanitizer in a place that is not 

exposed to direct sunlight is absolutely necessary. 

 

 
Fig. 2 pH stability of the gel hand sanitizer 

 

 
Fig. 3 Density stability of the gel hand sanitizer 

 

 
Fig. 4 Viscosity stability of the gel hand sanitizer 
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Fig. 5 Dispersibility stability of the gel hand sanitizer 

 

 
Fig. 6 Adhesion stability of the gel hand sanitizer 

 

 
Fig. 7 Dry time stability of the gel hand sanitizer 

 

 
Fig. 8 pH stability of the wipe hand sanitizer 

 
Fig. 9 Density stability of the wipe hand sanitizer 

 

 
Fig. 10 Viscosity stability of the wipe hand sanitizer 

 

 
Fig. 11 Dispersibility stability of the wipe hand sanitizer 

 

 
Fig. 12 Adhesion stability of the wipe hand sanitizer 

4,6

4,8

5

5,2

5,4

5,6

5,8

6

6,2

G-1 G-2 G-3 G-4 G-5 G-6

D
is

p
er

si
b
il

it
y
 (

cm
)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

0

0,5

1

1,5

2

2,5

3

3,5

G-1 G-2 G-3 G-4 G-5 G-6

A
d
h
es

io
n
 (

s)

Formulation
Week-1 Week-2 Week-3

0

5

10

15

20

25

30

G-1 G-2 G-3 G-4 G-5 G-6

D
ry

 T
im

e 
(s

)

Formulation

Week-1 Week-2 Week-3

5,8

6

6,2

6,4

6,6

6,8

7

W-1 W-2 W-3 W-4 W-5 W-6

p
H

 (
a
ci

d
it

y
)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

0,8

0,805

0,81

0,815

0,82

0,825

0,83

W-1 W-2 W-3 W-4 W-5 W-6

D
en

si
ty

 (
g
/c

m
3

)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

0

1

2

3

4

5

W-1 W-2 W-3 W-4 W-5 W-6

V
is

co
si

ty
 (

cP
s)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

W-1 W-2 W-3 W-4 W-5 W-6

D
is

p
er

si
b
il

it
y
 (

cm
)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

0

0,5

1

1,5

2

2,5

3

W-1 W-2 W-3 W-4 W-5 W-6

A
d
h
es

io
n
 (

s)

Formulation
Week-1 Week-2 Week-3 Week-4 Week-10

418



 
Fig. 13 Dry time of the wipe hand sanitizer 

 

At a temperature of ± 30 °C for 10 weeks, all formulations 

of gels and wipes hand sanitizer showed fairly high 

homogeneity stability. Based on the data from the 

homogeneity stability test results, all gel and wipe hand 

sanitizer formulations showed good gel homogeneity, which 

was indicated by the uniform dispersion of the gel or not 

observing the formation of granules on one side. 

The stability of density, viscosity, dispersibility, adhesion 

and dry time of gel and hand sanitizer products are closely 

related. After 10 weeks of storage at ± 30 ° C, although not 
significant, an increase in density was detected. This is closely 

related to the increase in the viscosity of sanitary products 

under particular conditions. The storage of sanitary products 

at room temperature tends to be high triggers the breaking of 

water trapped in carbomers so that the OH group content 

decreases and has an impact on reducing the pH value to 

become more acidic. In addition, viscosity is influenced by 

the level of acidity of a preparation which affects the number 

of ionized carboxyl groups decreasing so that it repels the 

carboxyl groups, which can cause the development of the 

carbomer structure to decrease and cause a decrease in the 

viscosity of the gel preparation [50], [51]. Thus, the viscosity 
becomes a function of time, where the viscosity decreases 

with time. In addition, changes in viscosity cause changes in 

dispersibility, adhesion, and dry time. In general, a decrease 

in viscosity leads to an increase in dispersibility, a decrease in 

adhesion, and a decrease in a dry time. 

J. Anti-microbial Activity 

Eschericia coli, Staphylococcus aureus, and salmonella 

thypimurium are commonly found in water [52]. Water media 
is one distribution media that has much contact with humans. 

Eschericia coli is a gram-negative rod-shaped bacteria that 

can cause foodborne outbreaks [53]. This is indicated by the 

ability to survive on the surface for a long time so that 

handling is needed that can reduce the presence of these 

contaminants [54]. Several things have been done in handling, 

namely through heating, ultrasound, ultraviolet-C. The 

addition of sodium hypochlorite, sodium benzoate, potassium 

sorbate, potassium dioxide, peracetic acid, copper sulfate, 

vanilla, sodium bicarbonate, and so on. In addition, the 

existence of products in the form of sanitization is a critical 

step to reduce microorganism contaminants [55], [56]. E. coli 
is a type of bacteria that normally lives in the intestines of 

humans and animals. E. coli can cause intestinal infection 

symptoms, including diarrhea, stomach pain, and fever. More 

severe cases can cause bloody diarrhea, dehydration, or even 

kidney failure. E. coli can be transmitted and spread from 

person to person via "oral-fecal route" such as eating 

contaminated food, drinking contaminated water, or touching 

the mouth with contaminated hands containing the disease-

causing strain of E. Coli [57], [58]. 

Staphylococcus aureus is the main pathogenic bacteria in 

humans, so almost everyone has experienced this bacterial 

infection with different degrees of severity. Staphylococcus 

aureus is a bacterium in the form of Gram-positive cocci 
which is grouped in the fourth rank of 3.6% of Streptococcus 

alba (10.7%); Stretococcus Alfa (10.7%); and Candida (7.1%) 

[59]. Staphylococcus aureus, a bacterial pathogen that causes 

a variety of diseases in humans, is the most common cause of 

skin and soft tissue infection (SSTI) globally [60], [61]. In 

humans, it is responsible for a range of illnessesfrom mild 

skin disorders to invasive infections and life-threatening in 

hospital settings [62]. It can also be community-acquired, 

causing skin and soft tissue infections with moderate tosevere 

symptoms in healthy and younger people [63]. In animals, 

S.aureus infections impact livestock, companion animals and 
somewild animals [64]–[66]. 

Salmonella Typhimurium is a foodborne pathogen, the 

main etiological agent in Salmonellosis. Salmonellosis is a 

bacteria that is found in various types of food such as cheese, 

fruits and vegetables with less cleaning process, and meat. 

However, egg and chicken meat based products mostly 

contain S. Enteritidis and S. Typhimurium bacteria [67]. The 

mechanism for the spread of salmonella in the human body is 

similar to the spread of bacteria e. coli, namely through the 

"oral-fecal route" by attacking the surface of the intestine. 

naturally the immune system will respond by producing 
oxygen radicals to kill salmonella bacteria. 

The test results for the antibacterial activity of gel hand 

sanitizer with best qualification (G3) showed good results on 

the three tested bacteria, namely Escherichia coli, 

Staphyloccus aureus, and Salmonella. The results of the 

antibacterial activity test against Escherichia coli, 

Staphyloccus aureus, and Salmonella are presented in Table 7. 
 

TABLE VII 

THE RESULTS OF THE ANTIBACTERIAL ACTIVITY TEST OF THE GEL HAND 

SANITIZER  

No Isolate Activity Type  

1 Escherichia coli Have activity 
Gel Hand 
Sanitizer 

2 Staphylococcus 
aureus 

Have activity 

3 Salmonella Have activity 

4 Escherichia coli Have activity 
Wipe Hand 
Sanitizer 

5 Staphylococcus 
aureus 

Have activity 

6 Salmonella Have activity 

 

The results of the antibacterial activity test using the liquid 

diffusion method by planting on NA agar will show the test 

parameters in the form of the presence or absence of 

antibacterial activity. The results of the antibacterial activity 

test for positive control, namely the X brand hand sanitizer 

gel, showed the presence of antibacterial activity in 
Escherichia coli, Staphylococcus aureus, and Salmonella. The 

best hand sanitizer gel formulation showed the presence of 
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antibacterial activity for Escherichia coli, Staphylococcus 

aureus, and Salmonella. While the negative control, namely 

the hand sanitizer gel formulation without active ingredients 

(alcohol) did not show clear zones in Escherichia coli, 

Staphylococcus aureus, or Salmonella isolates. These results 

prove that the antibacterial activity of hand sanitizer gel 

products is produced by alcoholic active ingredients and not 

other ingredients. 

In general, the antibacterial activity test results of wipe 

hand sanitizer products against Escherichia coli, 

Staphylococcus aureus, and Salmonella showed similar 
results to the gel. In particular, the best quality hand sanitizer 

(W3) showed the presence of antibacterial activity for 

Escherichia coli, Staphylococcus aureus, and the presence of 

antibacterial activity for Salmonella. Regarding negative 

control of antibacterial activity, the formulation of hand 

sanitizer wipes without the active ingredient (alcohol) also did 

not show clear zones in Escherichia coli, Staphylococcus 

aureus, or Salmonella isolates. Thus, it is proven that the 

antibacterial activity of tissue hand sanitizers is produced by 

the active ingredient (alcohol). 

A good hand sanitizer antibacterial activity against bacteria 
strains of E. coli that can suppress the immune response is 

EHEC (Enterohaemorrhagic Escherichia coli). EHEC can 

suppress the immune response by releasing the Shiga toxin 

produced, causing microvascular blockage, which can lead to 

bloody or bloodless diarrhea, hemorrhagic colitis and 

hemolytic uremic syndrome [68]–[70]. The existence of good 

hand-sanitizer antibacterial activity against Staphylococcus 

aureus bacteria which can surpress immunity against bacteria 

in the broadest and most resistant strains of Staphlococcus 

aureus bacteria against methicillin and against all β-lactams 

[66], [71]. The antibacterial activity of a good hand sanitizer 
against Salmonella bacteria can suppress the immune 

response by producing oxygen radicals to kill salmonella 

bacteria. Apart from being repelled by the body's immune 

response, the spread of salmonella bacteria can be prevented 

by inhibiting the spread of salmonella battery activity through 

the "oral-fecal route" by maintaining the cleanliness of the 

hands' surface can have direct oral contact [72]. 

Overall analysis results, both physico-chemical and anti-

microbial activity, show the best qualifications for the G-3 

and W-3 formulations with bioethanol as active ingredients. 

The high qualification of bioethanol-based gel and wipe hand 

sanitizer products promises the availability of alternative 
sanitation products that are functional and easy and 

comfortable to use. 

IV. CONCLUSIONS 

Diversification of hand sanitizer products has been carried 

out through the manufacture of gels and wipes hand sanitizer. 

The use of a number of alcohol-based active ingredients, 

including ethanol, isopropanol, biethanol, bioethanol-ethanol, 
bioethanol-isopropanol, and ethanol-isopropanol were 

evaluated to obtain the best formulation with the best 

characteristics and anti-microbial activity. The evaluation 

results showed the effect of the type of alcoholic active 

substance on the characteristics and anti-microbial activity 

againts Eschericia coli, Staphylococcus aureus, and 

Salmonella.  

Overall analysis of physicochemical and anti-microbial 

activity shows the best qualifications for the G-3 and W-3 

formulations with bioethanol as active ingredients. The 

acidity (pH) of the G-3 and W-3 hand sanitizers that are close 

to the pH of the skin will ensure minimum irritation. Adequate 

viscosity and dispersibility will ensure disinfection of large 

surface areas prior to evaporation. The minimum adhesion of 

the product and the short drying time increases user comfort. 

Good stability will ensure maximum protection against 

microbes for a certain range of time. 
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