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Abstract Objectives: This in-vitro study aimed to evaluate the antibacterial effects of four zinc

salts namely zinc chloride, zinc sulfate, zinc citrate and zinc acetate against Streptococcus mutans

(S. mutans) and Streptococcus sobrinus (S. sobrinus).

Methods: Antibacterial susceptibility assay, minimum inhibitory concentration (MIC) and min-

imum bactericidal concentration (MBC) were undertaken to evaluate the inhibitory activities of dif-

ferent zinc salts against the tested bacteria. A scanning electron microscope (SEM) was used to

evaluate the morphological changes of bacterial cells following exposure to zinc salts. Kruskal-

Wallis and Mann-Whitney tests were used to compare the inhibitory effect of the different zinc salts.

Results: All zinc salts tested against S. mutans and S. sobrinus had a statistically and significantly

smaller inhibition zone when compared to chlorhexidine, (P < 0.001). However, zinc chloride had

the largest inhibition zone (20 mm ± 5.5) against S. sobrinus, which was comparable to chlorhex-

idine (22 mm± 4) (P > 0.05). Zinc chloride, zinc sulfate and zinc acetate demonstrated higher MIC

and MBC values against S. mutans compared to S. sobrinus. However, zinc citrate revealed the

highest MIC and MBC values of 1 mg/mL and > 8 mg/mL for S. sobrinus and > 8 mg/mL for

S. mutans, respectively.
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Conclusion: Different zinc salts have displayed inhibitory growth effects against the common

oral bacteria at very low concentrations except for zinc citrate which showed no inhibitory effect

against these bacteria in vitro.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Dental caries is a common disease among all age groups and is
considered a major health issue with adverse effects on human

health, psychologically and physically by affecting normal
growth and reducing the quality of life (Hussein et al., 2021).

Mutans streptococci, mainly Streptococcus mutans (S.

mutans) and Streptococcus sobrinus (S. sobrinus), are the major
causative bacteria responsible for initiating dental caries
(Conrads et al., 2014; Meyer and Enax, 2018). Both S. mutans
and S. sobrinus are considered as equally virulent with regard

to dental caries development (Conrads et al., 2014). Both
pathogens can produce large quantities of extracellular glucans
from sucrose fermentation, produce acid exceeding the salivary

buffering capacities, bind strongly to teeth and can survive in
an acidic environment (Almoudi et al., 2018). In addition,
studies have indicated that individuals harbouring both S.

mutans and S. sobrinus had a significantly higher incidence of
dental caries compared to those with S. mutans alone (Oda
et al., 2015).

Zinc is an essential trace element and an important nutrient
for maintaining human health (Fatima et al., 2016). It is pre-
sent in all enzymes as a constituent to perform their essential
roles, especially protein synthesis, induction, regulation of

the immune system, and DNA and RNA replication
(Uwitonze et al., 2020).

In the oral cavity, zinc is present naturally in dental plaque,

dental enamel and saliva (Uwitonze et al., 2020). Zinc has been
incorporated into oral healthcare products to inhibit dental
plaque, control calculus formation and reduce halitosis

(Lynch, 2011). It was also added to dental materials given
the ability of zinc ions to inhibit the growth of cariogenic bac-
teria (Almoudi et al., 2018).

The growth inhibition of oral mutans streptococci by zinc

salts has been well documented (Almoudi et al., 2018). A sig-
nificant reduction in S. mutans counts was indicated after rins-
ing either with zinc sulfate, acetate solutions (Burguera-Pascu

et al., 2007) or zinc chloride solution (Dobl and Nossek, 1990).
Zinc ion has several effects on oral bacteria and can inhibit
numerous enzymes in bacterial cells (Phan et al., 2004;

Fatima et al., 2016). It can enhance the proton permeabilities
of bacterial cells and inhibits the glycolytic enzymes
glyceraldehyde-3-phosphate dehydrogenases, pyruvate kinase

and phosphoenolpyruvate. Additionally, zinc reduces ATP
synthesis in glycolysing cells and diminishes F-ATPase activity
leading to bacterial starvation (Koo et al., 2006).

Several factors are responsible for the antibacterial activi-

ties of zinc, including its concentration, methods of application
and type of zinc salts used (Watson et al., 1991; He et al.,
2002). Although free zinc ions (Zn2+) were indicated as the

most active zinc species and were responsible for their antibac-
terial effectiveness (Watson et al., 1991; He et al., 2002). How-
ever, other inorganic zinc species have exhibited inhibitory
effects even at lower concentrations (Watson et al., 1991). Zinc
speciation has a strong effect on the adsorption of zinc to bac-
terial cells and on the zinc inhibition effect (Watson et al.,

1991; Lavaee et al., 2018). Different zinc salts have the capacity
to inhibit acid production from glucose by S. mutans and a sig-
nificant amount of zinc adsorption was indicated (Watson
et al., 1991; Lavaee et al., 2018).

To prevent dental caries, it is very important to find new
treatment that have superior antimicrobial abilities with mini-
mal side effects and capable of eliminating the causative cari-

ogenic bacteria. Hence, despite all the information provided
in the literature regarding zinc, limited data are available
regarding the antibacterial activities of different zinc salts

against S. mutans and S. sobrinus. Therefore, this study aims
to compare the antibacterial effects of different zinc salts
against S. mutans and S. sobrinus in vitro. Furthermore, we
investigated the ultrastructure morphological changes of S.

mutans and S. sobrinus following different zinc applications
using a scanning electron microscope (SEM).

2. Material and methods

2.1. Chemicals

Four zinc salts were used namely zinc chloride, zinc sulfate,
zinc acetate and zinc citrate. All zinc salts were analytic grade,

97–100% pure and were obtained from Sigma Chemical
(Sigma-Aldrich, USA). Stock solutions were prepared by dis-
solving zinc salts in sterile deionised water to obtain a concen-

tration of 16 mg/mL each. Then, the stock solutions were
vortexed to ensure complete solubility and were sterilised with
a 0.22 mm syringe filter.

2.2. Bacterial strains and growth conditions

Bacteria strains were sub-cultured from �80 �C. S. mutans
(ATCC 25,175 American Type Culture Collection, USA) and

S. sobrinus (DSM 20,742 obtained from the German Collec-
tion of Microorganisms and Cell Cultures, Germany), were
grown on Brain Hearth Infusion broth (BHI) at 37 �C under

an aerobic condition for 18–24 h. Microbiological media was
obtained from Sigma-Aldrich (St. Louis, MO, USA and Oxoid
Ltd, Basingstoke, UK) and prepared according to the manu-

facturer’s instructions.

2.3. Antibacterial susceptibility assay

The antibacterial susceptibility of different zinc salts was inves-

tigated by the disc diffusion method on Mueller-Hinton agar
plates (Sigma-Aldrich, St. Louis, MO, USA). Briefly, agar
plates were inoculated with bacterial suspensions at a concen-

tration of 1 � 108 CFU/mL. Then sterile blank discs (6-mm

http://creativecommons.org/licenses/by-nc-nd/4.0/
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diameter) were placed onto the agar surface and 20 ml of
16 mg/mL of different zinc solutions were applied to each disc
to give a final concentration of 0.32 mg/disc together with 20 ml
of chlorhexidine 0.12% (positive control) and 20 ml of distilled
water (negative control). After 24 h of incubation at 37.5 �C,
the inhibition zones were measured in millimetres. All experi-

ments were done in triplicate and repeated on different days.

2.4. Minimum inhibitory concentration and minimum
bactericidal concentration

The minimum inhibitory concentration (MIC) was determined
using the broth microdilution method following the Clinical

Laboratory Standards (CLSI, 2012). Briefly, 100 ml serial dilu-
tions of each zinc salt solution were done in 100 ml BHI (Oxoid
Ltd, Basingstoke, UK) in a sterile 96-well plate to yield final
concentrations ranging from 8 mg/mL to 0.015625 mg/mL.

Then, 100 ml of bacterial inoculum (a final concentration of
1 � 106 CFU ⁄ mL) was added to each well. Each experiment
was tested in triplicate along with a growth control (containing

bacterial cells in BHI broth) and negative controls of (uninoc-
ulated BHI broth) and (two-fold serial dilutions of zinc solu-
tions in BHI broth) used as sterility control and to evaluate

the absorbance changes due to the different zinc salts concen-
trations respectively were included. Thereafter, the microtiter
plates were incubated aerobically at 37 �C for 18–24 h. The
growth of bacteria was estimated at 600 nm using a microplate

Spectrophotometer (Infinite M200 Pro, Tecan). The MIC was
assessed by subtracting OD 600 values of incubated test med-
ium from those of incubated negative control of zinc solutions

in BHI broth. The MIC was considered the lowest concentra-
tion of tested zinc at which the OD 600 absorbance falls below
0.05 for the negative control (Almoudi et al., 2021). The min-

imum bactericidal concentration (MBC) was determined by
taking a 10 ml aliquot from the clear wells and plated on
BHI agar plates and incubated at 37 �C for 24 h. The MBC

was defined as the lowest concentration of tested zinc that
did not show any bacterial growth on BHI plates following
the incubation period.

2.5. Scanning electron microscope (SEM) analysis

The morphological changes appearing after the application of
zinc salts on S. mutans and S. sobrinus bacteria were identified

using SEM.
In this experiment, three types of zinc salts namely zinc

chloride, zinc sulfate and zinc acetate were used. Meanwhile,

zinc citrate was excluded as it was less effective against the
tested bacteria and demonstrated higher MIC results com-
pared to the other zinc salts. Briefly, an overnight culture of

S. mutans and S. sobrinus bacteria were treated with MIC con-
centration of zinc chloride, zinc sulfate and zinc acetate. All
the cultures of S. mutans and S. sobrinus were incubated for
24 h at 37 �C along with non-treated bacteria culture, which

served as a negative control. Treated bacteria were fixed in
2.5% glutaraldehyde for 4–6 h and washed with 0.1 M sodium
phosphate buffer (pH 7.2) and post-fixed in 1% osmium

tetroxide again for two hours. After washing with 0.1 M
sodium phosphate buffer (pH 7.2), the samples were dehy-
drated using graded alcohol series. The specimens were coated

with a thin layer of titanium and were observed under SEM.
2.6. Statistical analysis

The inhibition zones of different zinc salts after proper incuba-
tion were measured and tabulated. The diameters of the inhi-
bition zone were expressed in millimetres as median and

interquartile (IQR). Statistical analyses were performed by
comparing the antibacterial activities of the four zinc salts
and the controls using Kruskall–Wallis and Mann–Whitney
U tests. All the data analysis was performed using the Statisti-

cal Package for Social Sciences (SPSS Version 25, IBM Corp,
New York). Results were considered significant at P < 0.05.

3. Results

3.1. Antibacterial susceptibility assay

The median inhibition zone for zinc chloride against S. mutans
(13 mm ± 3.5) was higher than that of zinc acetate

(12 mm ± 6.5) and zinc sulfate (10 mm ± 5). All the zinc salts
tested against S. mutans exhibited less inhibition zone com-
pared to chlorhexidine, which was statistically significant

(P < 0.001).
Regarding S. sobrinus, zinc chloride demonstrated the

greatest inhibitory effect (20 mm ± 5.5), which was not signif-
icantly different (P > 0.05) compared to that of chlorhexidine

(22 mm ± 4), followed by zinc acetate (18 mm ± 5), and zinc
sulfate (16 mm ± 3) as presented in Table 1.

The diameter of the zone of inhibition was not statistically

and significantly different (P > 0.05) between zinc chloride,
zinc sulfate and zinc acetate. However, all zinc salts disclosed
statistically and significantly larger inhibition zone compared

to the negative control (P < 0.001) except S. mutans and S.
sobrinus that was resistant towards zinc citrate. The median
diameters of the inhibition zone (in millimetres) of different

zinc salts are shown in Table 1 and Fig. 1.

3.2. Minimum inhibitory concentration and minimum
bactericidal concentration

Table 2 depicts the MIC and MBC values of different zinc salts
against S. mutans and S. sobrinus. For S. mutans, zinc chloride
recorded a MIC value of 1 mg/mL whereas both zinc sulfate

and zinc acetate had MIC values of 2 mg/mL. MBC values
for zinc chloride were 2 mg/mL, followed by 4 mg/mL for both
zinc sulfate and zinc acetate. For S. sobrinus, zinc chloride,

zinc sulfate and zinc acetate recorded MIC values of
0.125 mg/mL and MBC values of 4 mg/mL. Nevertheless, zinc
citrate exhibited higher MIC and MBC values respectively of

1 mg/mL and > 8 mg/mL for S. sobrinus and 8 mg/mL
and > 8 mg/mL for S. mutans.

3.3. Scanning electron microscope (SEM)

The results of SEM revealed significant changes in the mor-
phology of zinc-treated S. mutans and S. sobrinus bacteria
compared to the non-treated bacterial cells. The untreated S.

mutans and S. sobrinus exhibited the typical streptococcal
appearance as ovoidal (elongated) cells with smooth uniform
shapes and intact cell membranes (Fig. 2, A, AI, AII, AIII

and Fig. 3, A, AI, AII, AIII). Treated S. mutans cells depicted



Table 1 Zone of Inhibition (median ± IQR) of different zinc salts against S. mutans and S. sobrinus.

Tested agents

Median mm (IQR)

Bacteria CHX DH2O Zn

citrate

Zn

chloride

Zn

sulfate

Zn

acetate

X2 P-

valuea
Intergroup comparison Pb

S. mutans 25 (7) 0 0 13 (3.5) 10 (5) 12 (6.5) 46.53 <0.001 - Zn chloride, Zn sulfate, Zn acetate VS DH2O, Zn

citrate P < 0.001.

-CHX VS Zn chloride, Zn citrate, Zn sulfate, Zn

acetate P < 0.001.

-Zn chloride VS Zn sulfate VS Zn acetate P > 0.05.

S. sobrinus 22 (4) 0 0 20 (5.5) 16 (3) 18 (5) 44.69 <0.001 -Zn chloride, Zn sulfate, Zn acetate VS DH2O and Zn

citrate P < 0.001.

-CHX VS Zn citrate, Zn sulfate, Zn acetate P < 0.001.

-CHX VS Zn chloride P > 0.05.

-Zn chloride VS Zn sulfate VS Zn acetate P > 0.05.

a Kruskal Wallis test; b Mann-Whitney test; (IQR): interquartile; Zn: zinc; CHX: chlorhexidine; DH2O: distilled water.

Fig. 1 Zone of Inhibition. A; four zinc salts against S. mutans. B, four zinc salts against S. sobrinus.

Table 2 MIC and MBC of different zinc salts against S. mutans and S. sobrinus.

MIC (mg/mL)

Tested bacteria Zinc chloride Zinc sulfate Zinc citrate Zinc acetate

S. mutans 1 2 >8 2

S. sobrinus 0.125 0.125 1 0.125

Tested bacteria MBC (mg/mL)

Zinc chloride Zinc sulfate Zinc citrate Zinc acetate

S. mutans 2 4 >8 4

S. sobrinus 4 4 >8 4

(MIC): minimum inhibitory concentration; (MBC): minimum bactericidal concentration.
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distinct surface alternations of the formation of cell membrane
blebs (Fig. 2, B, BI). In addition, treated S. mutans had a

thicker biofilm (Fig. 2, C, CI, CII, CIII, D, DI, DII, DIII),
and both treated bacteria were agglomerated together. Addi-
tionally, both treated S. mutans and S. sobrinus bacterial cells

showed distinct cell membrane damage/rupture (Fig. 3, C, D,
BI, BII), wrinkled and rough cell membrane (Fig. 2, CI, DI
and Fig. 3, CI) and appeared as misshapen and swollen

(Fig. 3, DII, DIII). There were lots of materials attached to
the bacterial surfaces (Fig. 2, B, BI, BII, BIII, CI and Fig. 3,
B). These results indicated that zinc salts can cause damage
to S. mutans and S. sobrinus cells.
4. Discussion

The present study aimed to investigate and compare the

antibacterial activities of different zinc salts namely zinc chlo-
ride, zinc sulfate, zinc citrate and zinc acetate on the growth of
S. mutans and S. sobrinus bacteria in vitro. Moreover, limited



S. mutans untreated S. mutans zinc acetate S. mutans zinc sulfate  S. mutans zinc chloride  

A B C D

A-I B-I C-I D-I

A-II B-II C-II D-II

A-III B-III C-III D-III

Fig. 2 Scanning electron microscope of untreated S. mutans (A-I,II,III)). S. mutans treated with zinc acetate (B-I,II,III). S. mutans

treated with zinc sulfate (C-I,II,III). S. mutans treated with zinc chloride (D-I,II,III). Treated bacteria showed bleb like formation (green

arrows), wrinkled and rough cell membrane (yellow arrows), and swollen and misshaped cells (blue arrows).
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studies have assessed and compared the antibacterial proper-

ties of different zinc salts against S. mutans and S. sobrinus,
as most studies in the literature focused on zinc nanoparticles
(Almoudi et al., 2018).

Zinc has less toxicity and is considered an environmentally
friendly material. It is present naturally in dental plaque and
saliva. Furthermore, zinc has been used widely in dentistry

such as the incorporation of zinc into dental materials and oral
health products, including toothpaste and mouth rinse without
the concern of high toxicity or unfavourable side effects

(Almoudi et al., 2018). The high concentration of zinc can also
persists for many hours after delivery from oral health



S. sobrinus untreated S. sobrinus zinc acetate S. sobrinus zinc sulfate  S. sobrinus zinc chloride  

A B C D

A-I B-I C-I D-I 

A-II B-II C-II D-II

A-III B-III C-III D-III

Fig. 3 Scanning electron microscope of untreated S. sobrinus (A-I,II,III)). S. sobrinus treated with zinc acetate (B-I,II,III). S. sobrinus

treated with zinc sulfate (C-I,II,III). S. sobrinus treated with zinc chloride (D-I,II,III). Treated bacteria showed cell membrane damage/

ruptured (green arrows), intracellular materials leakage (red arrows), wrinkled and rough cell membrane (yellow arrows), and swollen

diploid cells (blue arrows).
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products (Lynch, 2011). Therefore, it is vital to study this element
to gain more knowledge about its different types in relation to
their antibacterial effect against S. mutans and S. sobrinus.

The primary pathogenic bacteria involved in the develop-
ment of dental caries are S. mutans and S. sobrinus, which have
similar virulence in causing dental caries (Conrads et al., 2014).

Chlorhexidine has proved to be the most effective oral antimi-
crobial agent compared to other agents and it is considered the
gold standard. This effectiveness is linked to its broad-
spectrum action against gram-positive and gram-negative bac-

teria (Rossi et al., 2014). It was found that S. sobrinus reappear
in saliva and plaque more rapidly and at a higher level after
chlorhexidine application than S. mutans (Grönroos et al.,

1995). In the present study, the MIC and MBC values of
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different zinc salts against S. sobrinus were lower than S.
mutans indicating S. sobrinus is more sensitive to zinc salts
compared to S. mutans. Hence, these results suggest that zinc

has a favourable potential antibacterial effect against cario-
genic bacteria, primarily S. sobrinus, and is a promising candi-
date for the management of dental caries.

The antimicrobial agent is considered bactericidal when its
MBC is equal to or less than four times its MIC (de Araujo
et al., 2015). The MBC result was higher than MIC, which sug-

gests that zinc has bacteriostatic activity against tested
microorganisms. Previous studies with different methods have
indicated an antimicrobial effect of different zinc salts against
oral bacteria, especially S. mutans. Nevertheless, there are lim-

ited studies to evaluate this effect against S. sobrinus. The
antibacterial susceptibility of zinc salts was investigated using
the disc agar diffusion method, which is a widely used tech-

nique to determine the antibacterial effects of an agent
(Balouiri et al., 2016). In fact, all of the zinc salts tested demon-
strated a zone of inhibition (ZOI) except zinc citrate. It

appears that the insolubility of zinc citrate may have hindered
its diffusion to the surrounding agar surface. Indeed, the
antibacterial susceptibility test is used for materials which are

soluble and capable of diffusing into the surrounding environ-
ment (Weiss et al., 1996; Khan et al., 2019). This may explain
why zinc citrate had no ZOI in the present study. Similar
results were reported by Bradshaw et al. (1993) as zinc citrate

had no growth inhibition effects against S. mutans. Further-
more, the present results revealed larger ZOI for zinc chloride,
zinc sulfate and zinc acetate differed significantly compared to

the negative control (distilled water). In contrast, zinc sulfate
and zinc acetate had significantly smaller ZOI compared to
the positive control (chlorhexidine), whereas zinc chloride

demonstrated no significant difference relative to chlorhexidine
when tested against S. sobrinus. Similar results were reported
previously in which rinsing the mouth either with zinc sulfate

or zinc acetate solutions reflected a significant reduction in
the total mean of S. mutans counts (Burguera-Pascu et al.,
2007). Likewise, zinc sulfate and zinc acetate demonstrated a
suitable ZOI against S. mutans (Lavaee et al., 2018).

The bacterial cell has a membrane that is protective and
assists in maintaining its normal activities. It serves as a selec-
tive environmental barrier and contains determinants required

for bacterial colonisation and survival (Azari et al., 2013). The
cell wall is considered the first barrier that an antimicrobial
agent must overcome when interacting with its target

(Martinez de Tejada et al., 2012). The main component of
the cell wall is peptidoglycan, which is found in almost all bac-
teria and is responsible for preserving the integrity of the cell.
Gram-positive bacteria were less sensitive to antibacterial

agents compared to gram-negative bacteria given the presence
of a thicker peptidoglycan layer, which acts as an additional
barrier for the entry of antimicrobial agents into the bacterial

cells (Sinha et al., 2011). Notably, zinc ions can be transported
across the bacterial cell membrane via ion channels, utilising
extra energy and triggering a disturbing effect on bacteria

(Chen et al., 2017).
In this study, the SEM results demonstrated the agglomer-

ation of S. mutans and S. sobrinus which were treated with zinc

salts. This may stem from the electrostatic attraction between
the negatively charged cell membrane of the bacterialcells and
the positively charged zinc ion+ (Yoo et al., 2021). In addi-
tion, a substantial amount of zinc materials was observed on
the bacterial surfaces. The morphological changes under
SEM, including the formation of blebs, wrinkled surfaces
and cellular membrane damages, were identified following

the treatment of tested bacteria with different zinc salts, which
is considered an inactivation of the bacteria (Orasmo et al.,
2013). The present results are consistent with previous studies

reporting morphological changes in the surfaces of bacterial
cells upon treatment with antimicrobial agents (Orasmo
et al., 2013; Almoudi et al., 2021).

5. Conclusion

The results of this study indicated that zinc chloride, zinc sul-

fate and zinc acetate can inhibit the growth of S. mutans and
S. sobrinus in vitro and alter the normal cell morphology of
these bacteria. However, zinc citrate did not reflect any

antibacterial effect on both tested bacteria. Future research,
such as the time kill assay and mechanism of action are rec-
ommended to gain more knowledge about different zinc salts
and oral bacteria.
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