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Abstract:  

The given review article focuses on the benefits of thermal spring water for skincare. Nowadays 

thermal spring water is used in skincare products, the natural minerals of thermal spring water treat 

skin problems and soothe the skin and make skin fresh. water is the base ingredient for every cosmetic 

formulation. The product should contain thermal water because it has a beneficial effect on the skin. 

This article provides a brief knowledge about the benefits of thermal spring water and its role in 

cosmetics products. 

Keywords: Thermal spring water, skincare benefits, cosmetic use, mechanism of anti-inflammatory 

activity. 

Introduction:  

Thermal water is water taken from natural springs. It contains minerals that are shown to complement 

the skin. It gives a variety of benefits to the skin, such as calming and anti -inflammatory effects. 

Thermal spring water is not different from normal water. But the thermal spring water is collected 

from the long process by which rainwater travels through mountains and rocks and resurfaces 

allowing the water to become packed full of minerals. Something important to think about is the 

natural action during which thermal water is made.  This mineral water is so different from the water 

from our tap, and it is created deep underground, away from bacteria and pollution. Iodine, mineral 

salts, and Co2 are just a few of the powerful components of hot spring water  is comprised of. The 

completely natural method in which the water is created is good for those who have blemish-prone 

skin. Common anxiety amongst those with blemishes is the fear of harmful bacteria encountering 

skin. It’s easy to incorporate thermal spring water into skincare, and it has a multitude of functions. 

Thermal spring water is naturally occurring water with unusually high mineral content (right, straight 

from the earth). [1] 
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Thermal water properties  

The curative properties of thermal spring waters (TSW) have been known and used in the treatment 

of various skin (psoriasis, eczema, etc.) and systemic diseases (ex. osteoarthritis, mental stress, sleep 

disorders) for many centuries. [2] 

Calcium- and magnesium-rich thermal spring water are known to improve skin barrier function, 

accelerate wound healing [3], and have soothing and protective properties for sensitive skin 

(antioxidant or anti-aging) together with trace elements such as selenium, strontium, and zinc.[4]  

experimental in vitro study also demonstrated the effect of thermal spring water on membrane 

fluidity, along with the antiradical and anti-inflammatory properties. It has also shown the positive 

effect on the mediators which are involved in immune response and its stimulating effect on 

keratinocyte differentiation. Thermal water proved to show a positive effect on atopic dermatitis with 

various therapy such as photodynamic therapy or photo thermolysis. All these data prove to have an 

active component in thermal spring water.[5] 

Thermal water composition  

Thermal water is naturally free of bacteria, fungi, and other microorganisms, and is rich in minerals 

and microelements that have a positive effect on the skin.[6] Thermal water contains so many 

beneficial ingredients, but in small quantities low mineralized water has the best effect on the skin. 

Because the excess of mineral elements can irritate the skin. The composition of the thermal water 

depends on the source from which it will produce or obtain. There are not the same sources of set 

components. Thermal springs of water tend to include minerals such as chlorides, sodium, potassium, 

calcium, and magnesium, all of which are naturally present in the skin.[6]. Along with it some of the 

thermal spring water contains the concentration of mineral as well as non-pathogenic microbes which 

has the beneficial properties that can be used for inflammatory skin diseases when used topically it 

increased the gram-negative bacteria and reduce the gram-positive bacteria which improves the skin 

microbial diversity and gives healthy skin.[7] The microbial community of Avene thermal spring 

water was investigated for bacterial diversity which was analyzed by next-generation sequencing 

targeting 16S ribosomal RNA genes which reveals the presence of Nitrospirae and Proteobacteria, 

the most prevalent phyla and accounted for 38% and 23 % of the total microbial community. Along 

with with-it other bacteria such as Elusimicrobia 8%, Bacteroidetes 5%, and Planctomycetes %, a 

total of 39 phyla was present except Firmicutes, Calditrichaeota, Lindowbacteria and Candidate 

phylum FPB which might be due to the poor contribution to the bacterial community.[8] 
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Mineral Waters 

Mineral waters are formed in specific geological conditions and are characterized by the presence of 

physicochemical dynamics. They originate in springs, are bacteriologically pure, and have 

therapeutic potential.[9] They can be classified according to their chemical composition into 

oligomineral, adiaphorous, bicarbonate-alkaline, alkaline-earth, calcic alkaline-earth, magnesian 

alkaline-earth, sulfated, sulfur, nitrate, chlorinated, ferruginous, radioactive, and thorium active and 

carbonaceous. They can also be classified according to their therapeutic action or physicochemical 

characteristics, such as temperature, capacity, equilibrium, molecular concentration, chemical 

composition, and presence of oligo-elements. [9] 

 Uses of thermal spring water 

Cellular Renewal: 

Thermal waters are considered a specific sort of underground water, which are enriched with minerals 

like sodium, magnesium, zinc, boron, and manganese contained in rocks and emerge to the surface 

via springs.[10] Experimental studies have also demonstrated that these oligo-elements stimulate the 

migration of keratinocytes, meaning they may promote cellular renewal. [11]  A recent study was 

done on thermal water for topical treatment also resulted in reducing the expression of some 

cytokines (TNF-α, IL-6, and IL-8) related to the inflammation process which can be related to the anti-

psoriatic efficacy in humans, and thus it was concluded that thermal water can be used for regenerative 

properties in human.[12] 

Hydration: 

A study has evaluated the stability and influence of thermal waters or their oligo-elements in dermo-

cosmetic formulations and the immediate effects of their application on the skin. The subjective and 

objective evaluation results were coincident, suggesting the usefulness of cosmeceuticals containing 

oligo-elements in skin hydration and as an adjuvant in dermatologic treatments. [12] In vitro study 

using human skin was evaluated for hydration, in which the effect of thermal spring water was 

compared with mineral-rich water showed that the thermal water had the soothing and hydration 

properties. This was because calcium-containing needle-like crystals in mineral-rich water increased 

stress in SC during dehydration and prevent soothing whereas thermal spring water showed a 

homogenous deposit of small sodium and chloride-containing crystals which protected SC from 

dehydration and maintained mechanical properties which reduces the redness and decreased skin 

sensitivity. Thus, thermal spring water can be used in place of petrolatum ointment for counteracting 

erythema, itching, stinging, and tightening after laser resurfacing treatment.[13] 
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Healing of Wounds: 

Thermal waters rich in manganese originating from springs in France stimulated the migration of 

keratinocytes in vitro, they can improve the healing of wounds.[14] Manganese and copper salts can 

also stimulate the proliferation of keratinocytes, accelerating the recovery of the cutaneous barrier. 

[15] One of the studies where Nagano hot spring water was used for wound healing showed a positive 

effect which enhanced the healing speed compared to the control group. histologically also it has 

showed increased vessel density and reduction in inflammatory cells  in granulated tissue in the 

wound area. Along with it the RT-PCR analysis with zymography also showed higher expression of 

matrix metalloproteinases-2 and 9 in comparison to the control group thus it was concluded that hot 

spring water is beneficial for treating skin wounds.[16] 

Keratolytic Effects: 

Sulfur activity in the skin seems to be primarily related to its interaction with cysteine and its 

catabolites. Sulfur, which reacts with cysteine, interacts with hydrogen sulfide gas (H2S), promoting 

keratinization in low concentrations a well-known keratolytic effect that determines the proteolysis 

of keratin.[17] Histological alterations in the skin caused by bathing in sulfur waters are described. 

They include hyperkeratosis, parakeratosis, and keratolysis, all of which occur in different 

concentrations of sulfur ions following sulfur baths when blood vessels in the dermis dilate.[18] one 

of the studies evaluated the spa spring water from Yong -gung for skin immune reaction, and 

observed the significant inhibitory effect on pro-inflammatory secretion cytokines, including IL-6, 

IL-8, IL-1α, TNFα, and GM-CSF from keratinocytes. As spa spring water attenuated the 

differentiation process of subsets of T helper cells i.e., Th 17 cells which are related to autoimmunity 

or inflammatory skin diseases like atopic dermatitis and psoriasis via IL-17 and IL-22 secretion. 

Where IL-17 acts directly on keratinocytes and induces the production of MIP-3α, IL-8, and β-

defensin, whereas, IL-22 regulates the keratinocyte differentiation.[19]  Another study done for the 

treatment of Normal human keratinocytes (NHK) with thermal spring water showed enhanced 

constitutive calcium entry which resulted in the increased expression of involucre and cytokeratin 1 

and 10. This was because of the increase in TRPV6 expression along with channel abundance at the 

cell membrane.[20]   

Antibacterial and Antifungal Effects: 

Sulfur also can interact with oxygen radicals within the deeper layers of the epidermis, producing sulfur 

and hydrogen disulfide, which may, in turn, be transformed into H2S5O6 - which is the source of 

antibacterial and antifungal activity of sulfur water.[21] Sulfur antibacterial and antifungal properties can 

explain why this type of mineral is effective in treating infected ulcers in the leg, tinea versicolor, tinea 

corporis, and tinea capitis.[22] Baths can alleviate many sorts of pruritus, particularly the senile and 

chronic sorts of pruritus. Lesions in those patients are caused by scratches and enjoy the antiseptic 

http://www.ijcrt.org/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1181 International Journal of Current Science (IJCSPUB) www.ijcspub.org 581 
 

properties of certain water.[22] The study done on the antimicrobial activity of the genus Bacillus cereus, 

Bacillus thuringiensis and Bacillus subtilis isolated from eight natural thermal springs against a variety of 

pathogenic microorganisms showed high antimicrobial activity. Bacillus cereus and Bacillus thuringiensis 

showed moderate antimicrobial properties against Pseudomonas aeruginosa and Bacillus subtilis showed 

high activity against mold. Whereas Bacillus cereus showed moderate activity against yeasts Candida 

utilizes.[23] Another study in which Pseudomonas strain was isolated from hot spring water, later isolated 

and identified as Brevundimonas diminuta and Pseudomonas putida strain showed inhibitory against 

Pseudomonas strain and exhibited antimicrobial properties. [24] One of the studies which evaluated the 

antifungal compound which might be present in the hot spring water of Manikaran inhibited the fungal 

pathogen when tested. Though the temperature of the water was very high and it was possible to escape 

the volatile compound the study reported the presence of volatile compounds even at the 400 C or above 

hydrothermal vents and thus it was stated that volatile antifungal compounds were present in the water.[25] 

Acne and Oily Skin: 

The effectiveness of sulfur waters in dermatology has been described in cosmetology and certain skin 

disorders. Its detergent property can be used in oily skin types to remove excess sebum without inducing 

a reduction of lipids, which entails irritation. In addition, to the keratolytic and antimicrobial effects, sulfur 

waters can be used to treat acne. [26] the study also reviles the benefit of dermo-cosmetic containing 

thermal spring water possessing antibacterial benefit on actinobacteria which can be a potential alternative 

to topical macrolides in acne management.[27]   

Immunological Aspects: 

Hydro-massage baths containing sulfur have also been successfully used for the treatment of moderate 

cases called immune-mediated conditions, such as atopic dermatitis, contact dermatitis, and psoriasis, the 

sulfur may help to treat these problems and regulates skin immune. [28] Sulfur plays an effective role in 

the treatment of psoriasis. Sulfur penetrates the skin and is oxidized, and diverse physiological responses 

in the skin, such as vasodilation of the microcirculation, analgesic effect on pain receptors, and inhibition 

of immune response. Atopic dermatitis, in its dry phase, can be soothed by the local treatment that is aimed 

at improving skin hydration and protecting it from external irritants. Thermal water baths can prepare skin 

for the application of moisturizers and are useful for controlling the acute exacerbation in the skin in 

refractory cases of atopic dermatitis. 

Magnesium decreases the guanylate cyclase activation and production of cyclic adenosine monophosphate 

in the epidermis layer, thus reducing excessive cell proliferation, which is an important element of the 

psoriatic condition. It has been demonstrated that magnesium inhibits the synthesis of certain polyamines, 

which are involved in psoriasis pathogenesis, improving the condition. Magnesium also has an 

anticarcinogenic effect, since tissues with high concentrations of magnesium have less incidence of cancer 

(compared to tissues with low concentrations), and cause vasodilation, which decreases arterial pressure. 
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Thermal water has bactericidal activity and can inhibit the manifestation of Staphylococcus aureus in the 

skin, a common microorganism in acute atopic dermatitis. The bactericidal activity is caused by the 

presence of manganese and iodide ions within the water. 

Antioxidant and Photoprotective System: 

Protecting skin from UVB radiation-induced lipid peroxidation and carcinogenesis with the percutaneous 

application of thermal water rich in selenium. [28] Selenium is an essential oligo element. In high doses, 

it's toxic and inhibits cell growth and DNA synthesis, whereas in small doses it promotes DNA synthesis 

and cell growth. Selenium works as an antioxidant and anti-inflammatory and protects against UVA and 

UVB radiation. [29] a study done on thermal water for analysis of antioxidant potential showed significant 

SOD-like activity which was enhanced in presence of amino acid which reveals the formation of 

manganese – glycine – bicarbonates complexes showing significant SOD-like activity conforms to the 

effective protection of cutaneous tissue against oxidative stress. This result signifies the indirect effect of 

thermal water which is due to the modulated intracellular pathway implicated in ROS detoxification. This 

result was investigated by the skin explant model which was explored at cellular and molecular levels 

where the response of cell machinery to UV stress was evaluated.[30]   

Antiaging effect:  

the use of thermal water was proven to act as anti-aging in the study where DEJ integrity was restored 

with the stimulation of expression of collagen VII, laminin 5, and α6β4 integrin with nidogen 1 basement 

membrane ensuring enforcing the basement structure and the keratinocyte adhesive capacity. Thermal 

spring water also increased the expression of CLDN1 tight junction protein which also showed 

keratinocyte mechanical stability and improve skin barrier function. This also stimulates the expression 

of AQP3 where both water and glycerol transport play important role in the hydration of the epidermis 

which combats the skin dryness associated with age and restores the skin barrier.[31] 

Anti-inflammatory Activity: 

The anti-inflammatory waters contain selenium. One study examined the effect of mineral waters rich in 

selenium on the proliferation of mitogens (spontaneous or derived from peripheral blood mononuclear 

cells (PBMCs)) and therefore the stimulatory capacity of epidermal Langerhans cells within the reaction 

skin. Antioxidant and Photoprotective System: 

Protecting skin from UVB radiation-induced lipid peroxidation and carcinogenesis with the percutaneous 

application of thermal water rich in selenium. [32] Selenium also works as an antioxidant and anti-

inflammatory and protects against UVA and UVB radiation. [33] 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1181 International Journal of Current Science (IJCSPUB) www.ijcspub.org 583 
 

Mechanism of Anti-inflammatory Activity 

The anti-inflammatory mineral waters were rich in selenium [34] The stimulatory capacity of Langerhans 

cells is regulated by diverse cytokines (e.g., IL-1) and tumor necrosis factors (TNF-a), which are released 

by keratinocytes during the various stages of activation. The effect observed may be related to the 

following factors: [35] 

1. Direct effect of thermal water components in the functional maturation of Langerhans cells. 

2. Indirect effect induction of TNF-a secretion, which blocks the Langerhans cell’s stimulatory activity. 

3. Inhibition of cytokine secretion by keratinocytes, which support the functional maturation of 

Langerhans and cells. 

4. The combined effects of mechanisms. In both in vivo and in vitro studies, magnesium ions proved 

effective in inhibiting the capacity of Langerhans cells presenting antigens, contributing to their 

effectiveness in inflammatory processes in skin diseases. compiles the data described by listing the 

respective biological effects and/or proven therapeutic uses in vitro and in vivo studies. 

The Microbiome in Thermal Spring Water 

Microbes are classified into several groups supported by their preferred temperature ranges. Every 

organism has the ability to permissive growth temperatures. Unlike pH or osmolarity, microbes cannot 

regulate their temperature and their internal temperature matches that of the surrounding environment any 

temperature changes may affect enzymes.[36] 

Minimum growth temperature: Every organism required a certain temperature to grow. At the lowest 

temperature, the organism can survive and replicate. If the environmental temperature is lower than the 

optimal temperature, it decreases enzyme activity and a slower metabolism. 

Optimum growth temperature: the expansion rates are the best at optimum growth temperature because 

they result in the fastest metabolism. 

Maximum growth temperature: The highest temperature some organism can grow. Higher temperatures 

can denature proteins like enzymes and carrier proteins, resulting in necrobiosis. The following rates of 

allowing growth temperatures are approximate and can vary according to other environmental factors. 
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 Psychrophiles 

Psychrophiles are cold-loving organisms, they can grow at 0°C at their permissive temperature, 

psychrophiles are often broadly classified into two groups: True psychrophiles and psychotropics. True 

psychrophiles: They are susceptible to temperatures over 20°C. Optimum growth occurs at 15°C or 

below. Found in very cold environments like ocean depths, the Arctic, and therefore the Antarctic regions. 

They seldom cause disease and food spoilage. 

Psychrotrophs (also known as psychrotolerants): Psychrotrophs are a variant of psychrophile, which 

grows at 0°C but displays an optimum temperature in the mesophilic range, nearer room temperature (15-

25°C). They are found in many natural environments in temperate climates and are liable for the spoilage 

of refrigerated food. Psychotropics are the scourge of food storage in refrigerators brought in from their 

mesophilic habitats and still grow within the refrigerated environment (4°C) where they spoil the food 

e.g., Listeria monocytogenes grows within the guts of cattle, can contaminate beef, milk, and crops but 

unlike typical mesophilic human pathogens, it grows at refrigerated temperatures. Psychrophilic proteins 

rapidly denature above their temperature optima and can't function at body temperatures of warm-blooded 

animals (37°C) so psychrophiles are unable to grow at even moderate temperatures.[37] 

Survival Strategy of Psychrophiles 

1. Psychrophiles contain specific proteins, particularly enzymes which will still function (albeit at a 

reduced rate) in low temperatures (at temperatures at or near 0 °C). These enzymes are more flexible than 

their mesophilic and thermophilic homologs which need more accessible catalytic sites to accommodate 

slower diffusion rates. 

2. To take care of the semifluid consistency of the cell wall at coldness, psychrophiles have an increased 

amount of unsaturated and shorter-chain fatty acids in their plasma membranes. Some psychrophiles, 

particularly those from the Antarctic, contain polyunsaturated fatty acids. 
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3. Psychrophiles also produce cryoprotectants: special proteins or sugars that prevent the event of 

damaging ice crystals 

 Mesophiles  

 

A nutrient agar plate was inoculated with a mesophile and incubated at different temperatures. The effect 

of temperature on the expansion and pigmentation of the isolate is often seen clearly. Mesophiles are 

microorganisms with an optimum temperature near 37°C (the temperature of warm-blooded animals). 

Mesophiles can grow within the temperature range of 25-40°C. Most of the pathogenic microorganisms 

of human microbiota are mesophiles. E.g., human bacterial pathogens like Staphylococcus aureus, 

Escherichia coli, Streptococcus pneumonia, Streptococcus pyrogens, and Haemophilus influenza 

 Thermophiles 

Thermophiles are heat-like organisms having optimum growth between 50-60°C. Many thermophiles 

cannot grow below 45°C. Some thermophiles form extremely heat-resistant endospores. Examples of 

thermophiles are included. Thermus aquaticus and Geobacillus spp. Thermophiles are widely distributed 

in hot springs water, geothermal soils, sunlit soil, and manmade environments such as garden compost 

piles where the microbes break down organic waste. 

Extreme thermophiles (also referred to as hyperthermophiles) have optimum growth at 80°C or higher. 

The growth temperature for hyperthermophiles ranges is 80°C to a maximum of 110°C, some extreme 

examples survive temperatures above 121°C, the quality temperature of an autoclave. The mostly 

Archaebacteria were found in volcanic and ocean vents. 

Survival Strategy of Thermophiles 

Thermophiles require specialized heat-stable enzymes that are immune to denaturation and unfolding. In 

opposite to their psychrophilic homologs, enzymes/proteins of thermophiles are more tightly folded, 

making them less flexible with a less acquirable catalytic site. The enzymes of those organisms also are 

of interest to biotechnology. Thermus aquatic uses invention-led biochemist Kary Mullis to create the 

revolutionary molecular technique Polymerase Chain Reaction (PCR), using the organism’s heat-active 

DNA polymerase (the Taq polymerase). 
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The structural enzymes (e.g., ribosomal proteins, transport proteins (permeases) of thermophiles, and 

hyperthermophiles are very heat stable compared with their mesophilic counterparts. The proteins are 

modified in several ways including dehydration and thru slight changes in their primary structure, which 

accounts for their thermal stability. 

To maintain the steadiness and functionality of the cell wall at a better temperature, the membrane lipids 

of thermophiles contain a high content of saturated fatty acids. Due to their linear structures, the saturated 

lipids pack more tightly, giving a more organized membrane and increasing its melting temperature. 

Thermophiles express protective chaperone proteins to assist with folding and to assist maintain their 

native structure. In addition, the ether linkage of the thermophilic and hyperthermophiles archaea is more 

thermostable than the ester linkage of phospholipids. 

The hyperthermophiles archaeal membranes' high thermal stability is also thanks to their tetraether 

monolayer structure because the inner and outer layers of a membrane bilayer will separate under very 

high temperatures.[38] 

Incorporation of thermal spring water in cosmetics 

Thermal spring water can be incorporated into cosmetics at temperatures 40-450 C. Because the 

thermophile bacteria only exist at this temperature if added at high or low temperature the bacteria will 

die or may not exist. 

Thermal Water for Cosmeceuticals 

The scientific data currently available on thermal waters provide a better understanding of these water’s 

biological mechanisms of action concerning their composition, physicochemical properties, and clinical 

benefits. It justifies the interest in using them as a lively ingredient or “cosmeceutical” in topical 

formulations that seek to extend the standard of life and adherence to dermatological treatments.[39] A 

critical focus in developing cosmeceuticals/ dermo-cosmetics is to maintain the balance of the skin’s 

microbiota. In general, thermal waters can modify the composition and activity of the skin microbiome 

thanks to their physical and chemical properties. It has already been demonstrated that they have their own 

set of thermophilic microorganisms.[40] Formulations properly developed with thermal waters can 

increase the activity of microorganisms beneficial to the skin, treat cutaneous dysbiosis, restore the skin’s 

barrier function, and have an anti-irritating, anti-inflammatory, and antioxidant action. These formulas 

containing thermal water as an ingredient are essential for skin conditions that present barrier dysfunction, 

like dryness, sensitivity, skin reactivity; exposure to aggressive cosmetic or hygiene routines; after 

aesthetic procedures; during or after the utilization of corticosteroids. However, it's noteworthy that there 

are different thermal water compositions, which should be considered when choosing this ingredient and 

assessing the formulations. 
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Conclusion:  

The thermal spring water is good for skincare and it gives a beneficial effect on the skin. The natural 

minerals of water will help to treat skin problems. Thermal water is used to treat a lot of conditions related 

to inflammation, including atopic dermatitis (eczema), psoriasis, and ichthyosis. The natural source of 

thermal spring water is a pure form of water that is rich in minerals and good for the skin. It is difficult to 

collect natural thermal water directly from nature, because of its long process. But its soothing and anti-

irritant properties help to treat the skin. The thermophiles help to increase gram-negative bacteria and 

decrease gram-positive bacteria which helps to treat inflammatory skin diseases. These multi-beneficial 

effects of thermal spring water help to treat skin problems and also it can be used in cosmetic preparations. 

In cosmetics, we can add thermal spring water to improve product quality, give hydration effect on skin 

and rich minerals provides anti-irritant, anti-inflammatory, properties of thermal spring water so it’s very 

beneficial for the cosmetologist to perform their role to the incorporation of thermal spring water in 

cosmetic products. In cosmetics, we can add thermal spring water in the formulations such as creams, 

lotion, toner, face mist, etc. 
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