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Introduction: Red ginger (Zingiber officinale var. rubrum) is known as an antibacterial agent.
Streptococcus pyogenes is the most common bacterial cause of pharyngitis in children and
adults. Over the years, antibiotic resistance case is increasing. Therefore, further research of
2020 other substances to find an bactericidal or bacteriostatic agent is needed. The aim of this study
Accepted 03 June 2020 is to determine the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Available online 30 June 2020 Concentration (MBC) of Z. officinale var. rubrum against S. pyogenes.

Methods: Serial dilution test of red ginger extract in Mueller hinton broth (8 concentrations
of red ginger extract : 80%, 40%, 20%, 10%, 5%, 2,5%, 1,25%, and 0,625%) and positive
control (1 ml bacterial suspension in Mueller hinton broth) was used to determine MIC. MBC
was determined by culturing solutions from the previous dilution test into blood agar plate.l
Results: MIC of red ginger extract against S. pyogenes could not be determined because the
color of red ginger extract affected the turbidity of the dilution test result. MBC of red ginger
extract against S. pyogenes was at concentration 20% of red ginger extract.

Conclusion: Z. officinale var. rubrum showed antibacterial activity against S. pyogenes.
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Introduction even eliminate the sore throat. Kim, et al. in 2005 found
that ginger had an anti-inflamation and analgetic agent.’
Ginger extract also demonstrated the ability to inhibit the
growth of Streptococcus mutans, Staphylococcus aureus,
Escherichia coli and Candida albicans.%” Ginger contained
limonene and sesqui-caryophellene as antibacterial agent.?
They included in terpene class which was contained in
oleoresin of ginger.” Red ginger contained oleoresin more
than the other types of ginger, it is considered to have an
important role in medicine world.® This time, treatment
of pharyngitis is still limited to penicillin and bacitracin.

Pharyngitis is common in children and adults. Pharyngitis
is can be caused by viral or bacterial infection.
Approximately, 25 % of acute pharyngitis is happened
because of group A Streptococcus p hemolytic’s infection.!
In 2010, a study about streptococcal pharyngitis showed
that 37% of children infected by group A of Streptococcus
hemoliticus grup A.? People often assumed that pharyngitis
or sore throat is a mild and self-limiting disease, so they do
not visit a doctor and let it recovered by itself. However,
pharyngitis that caused by Streptococcus f hemoliticus grup

A must be handled properly, because it could complicate to
more serious diseases such as rheumatic heart disease and
acute rheumatic fever.* Research in 1999 also proved that
Streptococcus B hemolytic group A infection could make an
acute glomerulonephritis which ultimately lead to chronic
kidney failure.* S. pyogenes is classified into Streptococcus
B hemolytic group A. People often treated sore throat
using ginger. They trusted this method could reduce or
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In recent years, many cases of Streptococcus pyogenes’s
resistance to bacitracin and penicillin has found in various
countries.!® In Kolkata, India, research in 2010 show high
number of Streptococcus pyogenes resistance’s cases in
children."! Therefore, reasearch of natural ingredients
which have bactericidal effect especially for S. pyogenes is
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important to decrease bacterial resistance.

Methods

The research was conducted on February 2015 until
August 2015, in the Department of Microbiology, Faculty
of Medicine, Universitas Airlangga. Fresh red gingers
(Z. officinale var. rubrum) were extracted at Materia
Medika, Batu, Indonesia. Extraction procedures were done
according to the rule which made by Materia Medika.
Three kilograms of fresh red gingers were proceeded into
200 grams of red ginger powder. Then, the red ginger
powder was extracted using etanol 96% solution. At the
end of process this extract was evaporated using rotatory
evaporator 40°C to get a pure extract. The S. pyogenes
obtained from Microbiology Laboratory of Faculty of
Medicine Universitas Airlangga.

This research used 8 concentrations with 2 control
tubes. Positive control made from 1 inoculating loop
(about 3-4 colonies) of S. pyogenes in 1 mL Mueller Hinton
broth (0.5 McFarland), then negative control made from
1 ml red ginger extract with a concentration of 80 % in 1
ml Mueller Hinton broth. This study used serial dilution of
red ginger extract in Mueller Hinton broth. The red ginger
extract with concentration about 40% made from 1 mL of
red ginger extract with concentration about 80% from first
tube in 1 mL Mueller hinton broth in second tube. The red
ginger extract with concentration about 20%, 10%, 5%,
2.5%, 1.25% and 0.625% was made with same method
as before (mixing 1 mL red ginger extract from previous
tube with 1 mL Mueller hinton broth in the next tube) on
each available tube. After making all concentrations of red
ginger extract, then 1 mL of bacterial suspension added to
each tube. Afterthat, all tubes incubated in 37°C for 18-24
hours in incubator. Four times replication were conducted

for high accuracy.

Minimum Inhibitory Concentration (MIC) was
determined by naked eye inspection at the smallest
concentrations which was still able to inhibit the growth
of bacteria (marked with a clear solution). Minimum
Bactericidal Concentration (MBC) was determined by
streaking test of solutions from previous dillution test on
blood agar plate and incubated at 37°C for 18-24 hours.
MBC was the smallest concentration that could kill bacteria
marked by the absence of growth on the media.

Results

After incubation for 24 hours, the turbidity of each tube
could be assessed. Table 1 shows the MIC (4 times
replication) of the red ginger extract (Z. officinale var.
rubrum) against S.pyogenes.

In this study , MIC of red ginger extract (Z. officinale
var. rubrum) against S. pyogenes could not be determined
because the color of red ginger extract affected the turbidity
of the dilution test’s result. MBC of red ginger extract (Z.
officinale var. rubrum) against S. pyogenes was determined
by streaking all available concentrations in blood agar
plate.

After incubation for 24 hours, the results of streaking
process on a blood agar plate showed that in concentration
of red ginger extract at least 20% there was no bacterial
growth in all replications. All replications showed the
same MBC. In this study, it could be concluded that the
Minimum Bactericidal Concentration (MBC) of red
ginger extract (Zingiber officinale var. rubrum) against
Streptococcus pyogenes was at concentration about 20% of
red ginger extract.

Table 1. MIC of Red Ginger Extract (Z. officinale var. rubrum) Against S. pyogenes

s ) - Extract Concentration
Replication
Control Control 80% 40% 20% 10% 5% 2,5% 1,25%  0,625%
1 ++ - N.D N.D N.D N.D N.D N.D N.D N.D
I +++ - N.D N.D N.D N.D N.D N.D N.D N.D
I ++ - N.D N.D N.D N.D N.D N.D N.D N.D
v +++ - N.D N.D N.D N.D N.D N.D N.D N.D
Description:
N.D : Not determined
++ : high-density colonies of Streptococcus pyogenes
- : no colony of Streptococcus pyogenes
Table 2. MBC of Red Ginger Extract Against Streptococcus pyogenes
. . ) “) Extract Concentration
Replication
Control ~ Control 0%  40% 20% 10% 5% 2.5% 1.25%  0.625%
I ++ - - - + -+ ++ - - -+
I -+ - - - + +++ ++ -+ s -+
I -+ - - - + +++ -+ + -+ ++
v + - - - + + + SR - SR
Description :
+ : minimum colony growth of Streptococcus pyogenes
+++ : high-density colonies of Streptococcus pyogenes

- : no colony of Streptococcus pyogenes
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Figure 1. Result from serial dilution test of red ginger extract in Mueller hinton broth. Tube 1.1 contained mixture of red ginger extract
with concentration 80% in 1 mL of Mueller hinton broth with 1 mL of bacterial suspension. Tube 2.1, 3.1, 4.1, 5.1, 6.1, 7.1, 8.1 con-
tained mixture of 1 ml bacterial suspension with 1 ml red ginger extract in 1 ml of Mueller hinton broth with each concentration about
40%, 20%, 10%, 5%, 2.5%, 1.25% and 0.625%. K- was negative control, made from 1 mL red ginger extract with concentration
about 80% in 1 mL Mueller hinton broth and K+ was positive control, made from1 mL bacterial suspension in 1 mL Mueller hinton
broth). All tubes had turbid color, so the MIC could not be determined.

Figure 2 : Dilution test result cultured into Blood Agar Plate. In 1.2 (80%), 2.2 (40%), and 3.2 (20%) culture there were no growth of
S. pyogenes meanwhile in 4.2 (10%), 5.2 (5%), 6.2 (2,5%), 7.2 (1,25%), 8.2 (0.625%) there were growth of S. pyogenes.

Discussion

Red ginger (Z. officinale var. rubrum) had an
antibacterial activity against S. pyogenes. Basically
red ginger (Z. officinale var. rubrum) contains
various compounds that have antimicrobial potential,
contained in whole oleoresin and its essential oil. Such
compounds include gingerol, limonene, sesquiterpene
alcohol/zingiberol, linalool, geraniol and sitral.!?
Oleoresin is a combination of essential oils and resin.!?
Whole oleoresin contains one compound that has
antimicrobial activity. It is gingerol that performs the
function of antimicrobial in 2 ways, first by denature
the protein and second by damage the cytoplasmic
membrane of bacteria.'”® The essential oil contains some
compounds inside that have antimicrobial activity. One
of them is the group of terpenoid compounds. There
are 2 classes of terpenoid compounds contained in

essential oils, limonene and sesquiterpen alcohol/
zingiberol.® Both of them have the ability to damage
the structural components of bacterial cell membrane.
Besides that, there are other compounds inside the
essential oil that also have antimicrobial activity. They
are linalool, geraniol and citral. Linalool and geraniol
cause the microbial protein denaturation. Sitral
performs the function of antimicrobial compound in 2
ways. It makes the alkylation process at nucleophilic
groups and denaturation process in microbial protein.
This triggers inactivation of the enzyme inside the
bacteria.’* Mechanisms of various active compounds
against Streptococcus pyogenes show in the following
chart :
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Alkylation Of MNucleophilic Groups

Sitral —
On Proteins Of Bacteria
Linalool
Geraniol Denature Bacterial Protein
Gingerol
Limonene Damage Components Of
. The Structural Membrane
Zingiberol

— Celf Death

Figure 3 : Mechanisms Antibacterial Active Compounds Contained in Red Ginger ( Z. officinale var. rubrum)

Various active compounds that contained in red ginger
(Z.officinale var. rubrum) are mutually cooperate in the
fight against bacteria. This actions can inhibit growth of
bacteria or even kill the bacteria. In this study, the results
showed that the Minimum Bactericidal Concentration
(MBC) of red ginger extract (Z. officinale var. rubrum)
against S. pyogenes at all replication was 20%. This shows
that the red ginger (Z. officinale var. rubrum) was able to
kill S. pyogenes in concentration of 20% with 100 % power
of kill. Based on the experimental results, the red ginger
(Z.officinale var. rubrum) had a good potential to be a
natural antibacterial agent against S. pyogenes in the future.
Further research on red ginger was required to reveal the
other abilities of red ginger extract to fight bacteria so the
resistancy could be minimalized.

Conclusion

In this research, MIC was difficult to determine because
red ginger extract had a turbidity itself so this situation
brought an impact to the result of serial dilution test. MBC
of red ginger extract (Z. officinale var. rubrum) against
S.pyogenes in this study was in concentration of red ginger
extract about 20%. From this data we could conclude
that the red ginger extract (Z. officinale var. rubrum) had
antibacterial activity against S. pyogenes.
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