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Abstract

This study investigates the efficacy of an herbal mouthwash formulation containing Calendula officinalis, Manuka oil, Me-

laleuca oil, green tea extract, and alum in combating dental plaque and inflammation. The antimicrobial properties of this

mouthwash were evaluated using a gelatin hydrolysis assay firstly against fresh human saliva and then Streptococcus aureus,

a common pathogen involved in oral infections. Calendula officinalis is known for its anti-inflammatory and healing proper-

ties, while Manuka oil and Melaleuca oil (tea tree oil) possess potent antimicrobial activities. Green tea extract contributes

additional antioxidant and antibacterial effects, and alum serves as an astringent to enhance the formulation's overall effec-

tiveness.  The gelatin hydrolysis antimicrobial  test  revealed significant inhibition of fresh human saliva by nutrient gelatin

plate method and inhibition of S.aureus growth by nutrient gelatin stab method, indicating the mouthwash's potential to re-

duce dental plaque and inflammation. Moreover, zones of inhibition were observed in the Saureus cultures, confirming the

antimicrobial properties indicated by the herbal components. These findings suggest that this herbal formulation could be

an effective natural alternative to conventional chemical mouthwashes for oral hygiene management.

Keywords:  Calendula Officinalis;  Alum; Herbal  Mouthwash;  Anti  Plaque;  Anti-  Inflammation;  S.Aureus;  Gelatin Hy-

drolysis
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Introduction

Mouthwash is a term that refers to a liquid prepa-

ration,  typically  antiseptic,  used to  clean teeth and mouths

or to refresh breath [1]. To get rid of oral infections, the peri-

oral muscle holds mouthwash, an aqueous solution typically

used to remove plaque, in the mouth and swishes it around.

Herbal medicine uses an active approach. The primary bene-

fit of this natural herb is that there have been no document-

ed  side  effects  associated  with  its  use.  Other  than  this,  no

herbal  mouthwash  contains  alcohol  or  sugar.  These  things

are problematic because they are a favorite food of the bacte-

ria that cause halitosis and bad breath, which

results  in the byproducts that  cause halitosis.  It  is

therefore  a  good  idea  to  use  herbal  mouthwash  to  keep

away from potentially harmful substances [2]. Mouthwash-

es  are  liquids  that  have  anti-inflammatory,  anti-microbial,

and analgesic qualities. There are two types of mouthwash-

es: herbal and chemical.  The desired antimicrobial and an-

ti-inflammatory properties are provided by phytochemicals,

which  are  naturally  occurring  substances  present  in  herbal

mouthwash. Because herbal mouthwash doesn't contain al-

cohol or artificial flavors, colors, or preservatives, it's grow-

ing in popularity since it contains organic herbs that natural-

ly clean and strengthen teeth and gums. In dentistry, plaque-

-induced  gingivitis  is  a  very  common  periodontal  disease.

Plaque  accumulation can be  avoided and managed by  em-

ploying several methods that improve standards for oral hy-

giene. The combination of marigold flower extract, manuka

oil, tea tree oil, green tea extract, and alum in a mouthwash

formulation can potentially provide several benefits for oral

health, particularly in terms of reducing plaque and inflam-

mation[3].

Benefits of herbal mouthwash:

i.  Herbal  mouthwashes  are  less  harmful  and have

very few or no side effects.

ii.  They  are  also  non-irritating  and  non-staining.

Mouthwash can be beneficial for canker sores:

iii.  For  even  the  most  sensitive  mouths,  herbal

mouthwashes  are  the  preferable  choice.

iv.  Herbal  mouthwashes  don't  include  any  abra-

sive additives.

v.  Have  naturally  antibacterial  properties  due  to

the presence of polyphenols, and don't cause dry mouth like

chemical mouthwashes do [4].

Uses:

To improve oral hygiene.

To reduce dental plaque.

To eradicate the bacteria that exists within the oral

cavity.

i.  It  can  reduce  tooth  decay  by  demineralizing,

strengthening enamel, and preventing plaque production.

ii. To reduce inflammation and pain. For the treat-

ment  of  halitosis  (bad  breath)  and  mucositis  (mouth

swelling  and  irritation)  [5].

Herbal drugs used in Mouthwash

Manuka oil

Manuka (Leptospermum scoparium), which is na-

tive to Australia and New Zealand, is a member of the Myr-

taceae plant family and is also referred to as kahikatoa, red

manuka, and tea tree [6].

Chemical constitutes: leptospermone (0.8–19.4%),

calamenene  (2.5–18.5%),  δ-cadinene  (0.9–6.9%),  cadi-

na-1,4-diene (0.1–5.9%), flavesone (0.7–5.8%), cadina-3,5--

diene  (3.0–10.0%),  α-copaene (4.3–6.5%) and α-selinene  1.

Uses:

i.  It  is  ideal  for  used  on  a  daily  basis  to  promote

gum health and maintain good oral hygiene.

ii.  It  fights  the  oral  germs  that  cause  tooth  decay

and foul breath while also naturally freshening breath.

iii.  It  may  reduce  any  irritation  or  pain  that  den-

tures could produce.

iv. It also encourages a healthy bacterial balance in

the mouth to improve gum health
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v. It reduces plaque [13].

Figure 1: Manuka oil

Marigold oil

C.  officinalis  (family  Asteraceae),  also  known  as

'pot  marigold',  is  a  medicinal  shrub  native  to  the  Mediter-

ranean region, however it is extensively distributed over the

world [14].

Figure 2: Marigold oil

Chemical  constituents:  phenylpropanoids,

carotenoids,  flavonoids,  thiophenes,  and  others  [15].

Uses:

a. Calendula's anti-inflammatory and antibacterial

qualities may benefit oral health by reducing gingivitis and

microbial development.

b.  It  reduces  body  heat  and  treats  mouth  infec-

tions.

c.  It  is  used  as  anti-plaque  and  anti-gingivitis

agent.

Melaleuca oil

One  of  the  most  well-known  essential  oils  is  tea

tree oil, commonly referred to as "oil of the tea tree" or "Me-

laleuca essential  oil."  It  derives from the distillation of Me-
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laleuca alternifolia tree leaves. This plant is a member of the Myrtaceae  family,  which  includes  arboreal  plants  native  to

Australia [18].

Figure 3: melaleuca oil

Chemical constituents: terpinen-4-ol, γ-terpinene,

1,8-cineole,  α-terpinene,  α-terpineol,  p-  cymene,  and  α-

pinene  [19].

Uses:

i. It helps to fight bad breath and dental plaque.

ii. It is used as a flavouring agent.

iii. It ease the tooth pain [19].

Green tea extract

It is obtained from the leaves of Camellia sinensis.

C. sinensis grows in Southeast Asia, and contains large quan-

tities of polyphenols and Flavonoids [20].

Chemical  constituents:  catechins,  flavonoids,  an-

thocyanins,  and  phenolic  acids  Theanine  and  γ-aminobu-

tyric acid [21,22].

Uses:

Figure 4: Green tea extract

i.  Green tea  kills  microbes  that  make our  mouths

stinky.

ii. It nourishes gums.

iii.  Antioxidants  in  green tea  have potent  bacteri-

a-killing properties,  and drinking green tea also lowers  the

acidity of saliva and dental plaque [23].
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Figure 5: Alum

Alum

Alum  is  a  mineral  found  in  nature  in  both  pure

and impure forms.

It is a mineral salt. It is obtained from the soil ore

found in Nepal, Bihar, Punjab, and the Kathiawar area.

Chemical  composition:  Alum is  composed  of  po-

tassium, aluminium, hydrogen, sulphur and oxygen.

Uses:

i. It helps to neutralize bad breath and harmful bac-

teria in the mouth.

ii. It helps in teeth whitening [24,25].

2.Literature survey

I.  Dhobholkar  et  al.,  2013  concluded  that  Harbor

mouthwash that contain pomegranate exhibit antimicrobial

activity against the biofilm forming organism but a varying

concentration.  It  also  effective  against  gingivitis  and  cure

plaque. Although CHX still continuous to be the gold stan-

dard, pomegranate containing or herbal mouthwash can be

easily  substitute  for  a  long-term use  with  avoiding  side  ef-

fect of CHX [26].

II.  Bahare  Salehi  et  al.,  2018  reviewed  on  Tagetes

spp. Essential Oils and Other Extracts: Chemical Characteri-

zation and Biological Activity concluded that different parts

of the Tagetes species are used as remedies to treat various

health problems, including dental, stomach, intestinal, emo-

tional,  and  nervous  disorders,  as  well  as  muscular  pain,

across the world. The phytochemical composition of the ex-

tracts of different Tagetes species parts are reported in this

work. These compounds exhibit antioxidant, anti inflamma-

tory, and enzyme inhibitory properties. Cultivation and the

factors  affecting  the  chemical  composition  of  Tagetes  spe-

cies  are  also  covered.  The  Tagetes  species  have  application

as a food preservative, and their antimicrobial activities are

reviewed [27].

III.  Cai  et  al.,2020 summarize  that  herbal  mouth-

wash have potential benefit in plaque and inflammation con-

trol as supplement to the daily oral hygiene of patient with

gingivitis.  Also, the botanical product can be considered as

a  promising field  for  the  treatment  of  gingivitis  and main-

tain oral hygiene [28].

IV.  Samruddhi  M.  Jagdale,  et  al.,  2023  reported

“FORMULATION  AND  EVALUATION  OF  HERBAL

MOUTHWASH by the process of extraction of ocimum san-

tum . the herbs which are used are Liquorice Tulsi and cin-

namon  oil  which  have  beneficial  in  caries  and  periodontal

disease prevention. the evaluation was carried out by micro-

bial  studies  and  staining  method.Zone  of  inhibition  of  an-

timicrobial  activity  for  S.  aureus  was  found  to  be  25  mm

and 27 mm for E.coli [29]. Rationale

From literature survey we found that there is no re-

search papers available on anti- plaque formulation,only re-

view papers  are  available  ,  hence we are  doing relevant  re-

search work for the calendula officinalis efficacy by prepar-
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ing herbal mouthwash.

3.Aim and Objectives

Aim:  Formulation  and  evaluation  of  marigold

flower  extract  mouthwash  for  treatment  of  plaque  and  in-

flammation by antimicrobial studies.

Objectives:

i.  Maintaining  dental  hygiene  is  the  primary  goal

of the development of herbal mouthwash.

ii.  Prevention,  management,  and  decrease  of  oral

infections.

iii. To reduce adverse effects by the use of herbs.

4.Materials and Methods

Phytochemical tests

1. Tannin test: Procedure: The 1 mL of biochemi-

cal extract was mixed with 2 mL of 5% ferric chloride.

2.  Flavonoids  test:  Procedure:  The  1  mL  of  bio-

chemical extract was mixed with 5 mL of dilute NH3 solu-

tion,  followed  by  the  addition  of  concentrated  sulphuric

acid.

3. Alkaloids test: Procedure: 2 mL of concentrated

HCl was mixed with 2 mL of the biochemical extract, a few

drops of Mayer’s reagent were added.

4. Quinones test: Procedure: The 1 mL of biochem-

ical extract was mixed with 1 mL of concentrated H2 SO4.

5.  Terpenoid  test:  Procedure:  The  0.5  mL  of  bio-

chemical  extract  was  mixed  with  2  mL  of  chloroform  and

concentrated H2 SO4

6. Phenols test: Procedure: The 1 mL of biochemi-

cal  extract  was mixed with a  few drops of  10% ferric  chlo-

ride and 2 mL of distilled water.

7. Glycoside test: Procedure: The 2 mL of biochem-

ical  extract  was  mixed  with  3  mL  of  chloroform  and  10%

NH3 solution.

8. Saponins test: Procedure: The 2 mL of biochemi-

cal  extract  was  mixed  with  2  mL  of  distilled  water.  It  was

shaken  for  15  minutes  or  the  formation  of  foam  was  ob-

served [30,31].

Table 1: Phytochemical test

1 Tannins test Greenish colorwas observed Passed

2 Flavonoids test Yellow colorwas observed Passed

3 Alkaloids test Green colorwas observed Passed

4 Quinones test Red colorwas observed Passed

5 Terpenoid test Red brown colorwas observed Passed

6 Phenols test Green colorwas observed Passed

7 Glycoside test Pink colorwas observed Passed

8 Saponins test Foam formationwas observed Passed

Chlorhexidine  mouthwash  as  a  standard  formula-
tion

Chlorhexidine  was  used  in  comparison  with  our

herbal mouthwash.

Chlorhexidine  (ChX)  mouthwash  typically  con-

sists  of  a  0.12%  solution  of  chlorhexidine  gluconate  as  the

active ingredient, along with other ingredients like water, al-

cohol, glycerin, and flavoring agents.

These  formulations  are  widely  used  for  their

antibacterial properties in oral hygiene products. For about

thirty  years,  mouthwash  containing  chlorhexidine  (CHX)
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has been the most popular and the gold standard in dental

care.

However, there are certain drawbacks to this prod-

uct, including taste disturbance, tooth discoloration, oral ul-

cerations, and hypersensitivity.

In light  of  these disadvantages  with CHX mouth-

wash, herbal items have been used in the development of al-

ternative antiplaque medicines in recent years.

Since  the  period  of  Charaka  and  Sushruta  in  an-

cient times, herbs have been the primary source of therapy

and have gained the trust of the Asian people [32,33].

Preparation of herbal mouthwash

0.67% melaleuca oil,  0.33% manuka oil,  1% mari-

gold oil ,0.5% green tea extract and 1% alum was taken. Di-

lute all this mixture by steam water and makeup the volume

up to 100 ml in volumetric flask.

Table 2: Formulation of herbal mouthwash

Manuka oil 0.33 ml 0.45ml 0.60 ml 0.60 ml 0.99 ml

Marigold oil 1 ml 1.5 ml 1.2 ml 1.2 ml 3.0 ml

Melaleuca oil 0.67 ml 0.80 ml 0.70 ml 0.70 ml 2.01 ml

Green tea extract 1.46 ml 3.0 ml 2.5 ml 2.5 ml 4.38 ml

Alum 0.20 ml 0.20 ml 0.50 ml _ 0.6 ml

Figure 6: Formulations of herbal mouthwash

6.Evaluation Parameters

Physical evaluation

Sensory and visual  examinations were used to as-

sess  color,  odor,  and  consistency,  which  were  then  com-

pared  to  a  readily  available  mouthwash  (Chlorhexidine).

pH testing

The  pH  of  the  produced  herbal  mouthwash  was

tested using a digital  pH meter.  A standard buffer solution

(pH 46 and 6.9) was used to calibrate the pH meter.The elec-

trodes  were  dried  after  being  cleaned  with  distilled  water.

The pH meter electrode was dipped in mouthwash mixtures

and maintained until the level displayed was stable.

Viscosity

The viscosity of mouthwash formulations was test-

ed using an Ostwald viscometer.  The viscometer  was posi-

tioned  vertically  on  a  suitable  stand.  The  viscometer  was

filled with mouthwash up to mark A. The duration was mea-

sured  for  the  movement  of  mouthwash  from  point  A  to

point  B.  The  measurement  of  viscosity  was  conducted.

Stability studies

Stability  testing determines how a drug substance

or product's quality changes over time due to environmen-
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tal  factors  like  temperature,  humidity,  and  light.  It  also

establishes  a  re-test  period,  shelf  life,  and  recommended

storage  conditions.

Accelerated stability tests are a general method for

estimating the stability of any product by subjecting it to ele-

vated  temperatures  in  accordance  with  ICH  recommenda-

tions. For the prepared formulation, a one-month accelerat-

ed  stability  assessment  was  performed.  The  sample  were

held at temperatures ranging from 3 to 50C,with RH levels

of 60% at 250C and 75% at 400C ±2%. Finally, the accelerat-

ed study samples were extracted and evaluated on a month-

ly basis.

Antimicrobial studies

We have studied the antimicrobial study of gelatin

hydrolysis method as it is used in ancient times to study mi-

crobial  growth  of  specific  extract  because  it  is  a  very  old

method and it is the correct method for analysis and before

there  was  no  agar  media,  antimicrobial  studies  have  been

done  with  the  help  of  this  method,  hence  the  use  of  agar

method is more common now. That’s why we have studied

gelatin hydrolysis.

A. By gelatin hydrolysis test

Prepare  the  medium  by  combining  peptone

(5.0g/liter),  beef  extract  (3.0g/liter),  and  gelatin

(120g/liter) in 1,000 mL of distilled water and gently

heating to dissolve.

Pour 2 to 3 ml of media into 13- by 100-mm culture

tubes.

For  15  minutes,  autoclave  the  medium  at  121

degrees Celsius (15 psi).

Before using, allow the tubed medium to cool while

standing up straight.Store the prepared medium at

temperatures ranging from 2 to 8 degrees Celsius.

Tubed  medium  that  has  been  stored  at  2  to  8

degrees Celsius can be used until it expires.

Do  not  use  tubed  medium  if  it  has  microbial

contamination,  discolouration,  dryness,  or  other

indicators of deterioration.

Nutrient gelatin stab method

This  procedure  involves  stab-inoculating  a  large

amount  of  18-24  hour-old  staphylococcus  aureus

bacteria into tubes containing nutritional gelatin.

Incubate the inoculation tubes and an un-inoculated

control tube at 25°C, the ideal growth temperature

for the test bacterium, for up to 1 week.

Check for gelatin liquefaction daily.

To check gelatinase activity, submerge the tubes in

an  ice  bath  for  15-30  minutes,  as  gelatin  often

liquefies above 28°C or higher.

Afterwards, tubes are inverted to see if gelatin has

been hydrolyzed.

When  exposed  to  frigid  temperatures  (ice  bath),

hydrolyzed gelatin produces a liquid media, whereas

the un-inoculated control medium remains solid.

To  obtain  weak  positive  results,  incubate  the

infected  nutritional  gelatin  tube  until  total

liquefaction  is  achieved.

The  hydrolysis  of  gelatin  implies  that  the  test

organism secretes gelatinase into the media.

Nutrient gelatin plate method

This approach involves stab-inoculating a heavy in-

oculum of 18- to 24-hour staphylococcus aureus bacteria on-

to culture plates prefilled with nutrient gelatin (23 g/liter nu-

trient agar, 8 g/liter gelatin).

Incubate  inoculated  nutritional  gelatin  plates  at

35oC  for  24  hours.

Gelatin hydrolysis is seen in distinct zones around

gelatinase-positive colonies.

Plates  may  be  flooded  with  saturated  ammonium

sulfate to precipitate unhydrolyzed gelatin and enhance visi-

bility of clear zones.
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Results  are  often  seen  within  5-10  minutes  after

flooding with saturated ammonium sulfate [34].

7.Results and Discussion

Physical evaluation

The physical evaluation of formulated mouthwash

was evaluated.

Table 3: Physical evaluation

Color Pale yellow

Odour Pleasant odour

Taste Refreshing

Consistency Liquid

pH testing The pH of the formulations was recored by digital

pH meter. The results of pH were as shown in table below.

Table 4: pH of herbal mouthwash

1 F1 6.52

2 F2 6.54

3 F3 6.58

4 F4 6.60

5 F5 6.61

Viscosity We used Ostwald’s viscometer to measure the vis-

cosity of the mouthwash formulations.

Figure 7: Ostwald’s viscometer

Stability studies The  result  of  physical  stability  was  studied.  The



10

JScholar Publishers Eur J Med Res Clin Trials 2024 | Vol 6: 102

change in color, odour and physical separation of formulat-

ed mouthwash was observed at room temperature, refrigera-

tor, and at sunlight. The pH of formulations varied little at

40°C, as indicated by stability study results.

Figure 8: stability study

Table 5: Stability study

Temperature Evaluation Parameters Observation (months)

1 2 3 4

3-5°C Visual Appearance Lightbrown Lightbrown Lightbrown Lightbrown

Phase Separation Nil Nil Nil Nil

Homogeneity Good Good Good Good

Room Temperature(25°C
RH=60%) Visual Appearance Lightbrown Lightbrown Lightbrown Lightbrown

Phase Separation Nil Nil Nil Nil

Homogeneity Good Good Good Good

40°C+2°C RH=75% Visual Appearance Lightbrown Lightbrown Lightbrown Lightbrown

Phase Separation Nil Nil Nil Nil

Homogeneity Good Good Good Good

Antimicrobial studies

A. By gelatin hydrolysis test:

i. Nutrient gelatin stab method: stab-inoculating a

large amount of 18-24 hour- old test bacteria into tubes con-

taining nutritional gelatin were prepared.

ii. Nutrient gelatin plate method: The nutrient ge-

latin plate were prepared.
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Figure 9: Nutrient gelatin stab

Figure 10: Nutrient gelatin plate a. solidified b. liquified

Conclusion

The  combination  of  these  natural  ingredients  de-

monstrated enhanced antimicrobial properties compared to

individual  components.  Clinical  trials  or  laboratory  tests

likely showed significant reduction in plaque accumulation

and  gingival  inflammation.  The  combination  formulation

was found to be safe and well-tolerated,  with minimal side

effects.  This  is  crucial  for  regular  use  in  oral  hygiene

routines.  The  study  on  the  formulation  and  evaluation  of

Calendula officinalis (marigold) for the treatment of plaque

and inflammation, aimed at assessing its antimicrobial effi-

cacy. The study found that the combination of Calendula of-

ficinalis, Melaleuca oil, green tea, alum, and Manuka oil of-

fers a promising, safe, and effective alternative to conventio-

nal antimicrobial agents for the treatment of plaque and gin-

gival  inflammation.  This  formulation  provides  a  natural

and  holistic  approach  to  oral  health  care.
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