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Abstract

Many plant extracts are more effective against Gram-positive bacteria than Gram-negative bacteria. This research
aimed to develop a plant extract formula with antibacterial activity against both Gram-positive and Gram-negative
bacteria. Four distinct plant species, namely leaves of Tectona grandis L.f., rhizomes of Zingiber purpureum Roscoe,
rhizomes of Curcuma longa L., and fruits of Carissa carandas L., were extracted using 95% ethanol. A total of 15
different extract formulations were prepared and subsequently evaluated for their antibacterial efficacy against
Staphylococcus aureus ATCC 29213 and Escherichia coli ATCC 25922 using agar disc diffusion and broth microdilution

methods. The most promising formulation was further assessed against eight strains of both Gram-positive and
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Gram-negative bacteria. Additionally, the selected formulation was incorporated into a liquid soap, and its efficacy in
reducing bacterial cell counts was investigated. The results demonstrated that the fourth formulation exhibited superior
antibacterial activity with minimum inhibitory concentration (MIC) values ranging from 0.6 to 2.5 mg/ml against Gram-
positive bacteria and 5.0 to 10.0 mg/ml against Gram-negative bacteria. Minimum bactericidal concentration (MBC)
values of the formula against Gram-positive bacteria ranged from 2.5 to 10.0 mg/ml, while for Gram-negative bacteria,
MBC values ranged from 10.0 to 20.0 mg/ml. This study also revealed that the liquid soap containing the extract

formulation effectively reduced bacterial cell counts for both Gram-positive and Gram-negative bacteria. In conclusion,

this study highlights the efficacy of the extract formula in combating a wide spectrum of bacterial infections.

Keywords: Formulation plant extract, anti-bacterial activity, liquid soap
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purpureum) mﬁu (Curcuma longa) WazNEUIIRIIVLHID
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uwazuuafiSounInay 7 auWug ldun Acinetobacter
baumannii NRRU 001, Escherichia coli ATCC 25922, E.
coli NRRU 001R, Chromobacterium violoceum DMST
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LW’I:Lgmiummi Trypticase Soy Broth (TSB, Hi-media)
LLﬁamﬁﬂvLﬂﬁuﬁqm%Qﬁ 37 °C 1flwaan 16-18 Talus e
ATUNANTMITNELTaaInaImns TSB asluamsiass
%8 Mueller Hinton Broth (MHB, Hi-media) 901wy
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faudng 9 vasRmudassiia ldanduwlsifinulu
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wmAlwe muin uazkavzainanINzuwalH Ha
MANUFZANA LL@T’;ﬁwmamLﬁaﬁqmﬁgﬁ 50 °C U3zanth
3-4 Su valdasiBoadoeiosua uaziinluusly 95%
LONHES 1% 7 T% INEUNTaIF8LILN9 tRaLenmn
panaNaTazany inasaanefilalsnodvinazany
peNeLLALaY Rotary evaporator inansaiadilalauiaui
msaﬁ'@mwﬁw:gﬂﬁwmazm HAI8RITAZANE Dimethyl
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Table 1 Extract formulation and the formula ratio of each

plant extract.

Plant extracts

Leaves Rhizomes Rhizomes Fruits

Formulation
of Tectona of Zingiber of Curcuma of Carissa

grandis  purpureum longa carandas

Formula 1 2 1 1 1
Formula 2 1 2 1 1
Formula 3 1 1 2 1
Formula 4 1 1 1 2
Formula 5 1 1 1 1
Formula 6 1 1 1 -
Formula 7 1 1 - 1
Formula 8 1 - 1 1
Formula 9 - 1 1 1
Formula 10 1 1 - -
Formula 11 1 - 1 -
Formula 12 1 - - 1
Formula 13 - 1 1 -
Formula 14 - 1 - 1
Formula 15 - - 1 1
Tectona grandis 1 - - -
Zingiber - 1 - -
purpureum

Curcuma longa - - 1 -
Carissa carandas - - - 1
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ng,%avlﬂﬂuﬁqmﬂqﬁ 37 °C win 24 $2lug as9EoU
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qum’nmwaa’sﬂaﬁLﬁ@%usaul,mumsaﬁmhU venire
caliper 3 a%9 immesasdn 3 A%t uazweLadsas
Qamsiud
5. n1‘smnﬁauqn§€1’u50LLUﬂﬁL‘§9ﬁ'W%§ Broth
microdilution
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Fuffsuuafizodan15W161 Minimum inhibitory
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fadsamnnas MHB IiTUSunoudadszanas 1.0 x 10°
CFU/m mﬁwgmwamLLazmsaﬁ'ﬂﬁﬁaamsmaaumL’{]‘ama
fpmnsiasades MHB liSanududuEudurindy 8o
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mg/ml T,ﬂUlﬁﬁﬁqwmuquLﬂw,%aﬁummngw,%a WaY
mmugmL%aﬁ'ugmwauﬁmwmﬁwiuma 9 N
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(Negative control) Uufigaanni 37 °C w1 18-24 Talus
ATNIFALNANIINARIAILLAIAY Microplate reader 71
4 . a o
ANNLTIARYK 600 nm LaztuinNanInaasaduaiian
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6. MILATVNFUWAIFINTUAWHUN

wrdudsznauay (Table 2) laud #aay
(Texapon N8000) iyl:’mﬁﬂ 330 N3W WEUNLU Ammonium
Lauryl Sulfate 4331 30 N3 wazinfa NaCl U3unm 30
n5u lemauswSouiunanliidnin anntndausiindsu 550
IaRRAT @A Prioly B-750D Laz Glycerin agindas 30
n5y wawliazaneduiiioldoaiu nuauliaunndibu
aans sl lunsmanssdudely

Table 2 Ingredients of liquid soap.

Ingredients Amount
Texapon N8000 330 g
Ammonium Lauryl Sulfate 30g
Sodium Chloride 30 g
Distilled water 550 ml
Prioly B-750D 30g
Glycerin 30 g
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no. 0.5 §e 0.85% NaCl Hidatszanas 1.5 x 10° CFU/mI
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8. MINAIILUNNFDA
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mifudsiuuuafiGounsuay (Table 3) Tawlalunans
naaasiauinii (NowMa AgND, 2017, 2019; Visutthi, 2016)
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iWLﬂuﬁaaﬁnmnﬁLa%mm?; LLazmsﬁmqw%rﬁumadmi
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a3y HamInaasdluasedi 3 uas 4 leugaalwifin
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snalung wanfiuniien lduaduduazainge dndms
nagaumsmIaianlung wiawmhauiesenslaatng

=3
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2. wamsdsai@ingninmsfusonuadiSavasgas
Nﬂ&lﬁ 4 @2833 Broth microdilution
Qw%(miﬂ'ug'm,%aLmﬂﬁﬁﬂﬁamaamsaﬁ@g@s
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wwefiBodadauvefieriiaiu 9 ldun Kiebsiella sp.,
Salmonella Typhi, Salmonella enterica, Acinetobacter
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4.37 mg/ml) (Taechowisan et al., 2018) §1IFNAINLHN
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fuusanegeslvgnstuiadauuaiizy Wanasaudie
39 agar disc diffusion (Jampa et al., 2019; Y4Na esqvl%,
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Fnaniwan i winaNzaswNewn v waasms
Lﬁ%qu"ﬁfﬁmmmiaﬁ@ WONINH SATEINIZAINIAN
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MBC/MIC fiiuaadliifiuinganant 4 fuszdninmid
dansnTauuaNSuLnTNUINLAzLNTNAUA LT luNT
= 33 -f.’ A v ' A " e '

fnwasedt lasfidasniwiawiniy 8 1vin (Gonzalez
et al., 2013) g lsRauNaMINARAUNLLLATISHLNS
TRAIRTATNFIUANINAT 8 11 (Table 5) GatiunsLRan
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Table 3 Antibacterial activities of different formula extracts using agar disc diffusion.

Formulations and

Inhibition zone (mm=SD)

extracts S. aureus MRSA E. coli E. coliR
Formula 1 7.50+0.21 8.80+0.15 0.00+0.00 0.00+0.00
Formula 2 7.50+0.07 9.8010.17 0.0040.00 0.0040.00
Formula 3 7.50+0.07 10.70+0.15 0.0040.00 0.0040.00
Formula 4 8.50+0.07 9.30+0.10 0.00+0.00 0.00+0.00
Formula 5 8.00+0.00 9.50+0.07 0.0040.00 0.0040.00
Formula 6 7.00+0.00 10.3040.21 0.0040.00 0.0040.00
Formula 7 7.00+0.14 9.30+0.15 0.00+0.00 0.00+0.00
Formula 8 9.0040.00 8.50+0.07 0.0040.00 0.0040.00
Formula 9 7.00+0.00 9.0040.00 0.0040.00 0.0040.00
Formula 10 8.00+0.00 8.00+0.00 0.00+0.00 0.00+0.00
Formula 11 0.0040.00 0.0040.00 0.0040.00 0.0040.00
Formula 12 10.0040.00 10.00+0.00 0.0040.00 0.0040.00
Formula 13 8.00+0.00 9.00+0.00 0.00+0.00 0.00+0.00
Formula 14 8.00+0.00 7.0010.00 0.0040.00 0.0040.00
Formula 15 10.0040.00 10.00+0.00 0.0040.00 0.0040.00
Tectona grandis 10.704£0.12 15.804£0.30 0.00£0.00 0.00£0.00
Zingiber purpureum 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
Curcuma longa 0.00+0.00 8.00%0.00 0.0040.00 0.0040.00
Carissa carandas 0.00+0.00 9.00+0.00 0.00+0.00 0.00+0.00
Antibiotic 28.00£0.17 21.7040.06 23.7040.32 10.3040.06

Table 4 MIC and MBC values of different formula extracts.

Formulations and

MIC and MBC values (mg/ml)

extracts S. aureus MRSA E. coli E. coliR.
Formula 1 20/2.5 2.5/>20 20/20 >20/>20
Formula 2 20/0.6 20/0.6 20</20 >20/>20
Formula 3 10/0.6 20/0.6 20/20 20/>20

Formula 4 10/0.6 20/1.25 20/10 20/10

Formula 5 20/0.6 20/0.6 20/20 >20/>20
Formula 6 10/2.5 20</5 >20/>20 >20/>20
Formula 7 20/5 5/>20 20/20 >20/>20
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Formulations and

MIC and MBC values (mg/ml)

extracts S. aureus MRSA E. coli E. coli R.
Formula 8 20/10 20/2.5 20/20 20/20
Formula 9 10/10 5/20 20</10 20/>20
Formula 10 20</10 10/>20 >20/>20 >20/>20
Formula 11 20</5 2.5/>20 >20/>20 >20/>20
Formula 12 20</5 20</5 20/10 20/10
Formula 13 20/5 5/2.5 >20/>20 >20/>20
Formula 14 10/5 20/5 20</10 10/>20
Formula 15 20/5 10/2.5 10/>20 5/>20

Tectona grandis 5/5 1/2.50 20/>20 5/>20
Zingiber purpureum 2</100 10/>20 >20/>20 >20/>20
Curcuma longa 0.6/5 2</50 >20/>20 >20/>20
Carissa carandas 20/5 20/5 20/5 5/>20
Table 5 Antibacterial activities of formula 4 against other bacterial strains
Bacterial strains MIC values MBC values MBC/MIC ratio
(mg/ml) (mg/ml)
Acinetobacter baumannii NRRU 001 10 10 1
Escherichia coli ATCC 25922 10 20 2
Escherichia coli NRRU 001R 10 20 2
Chromobacterium violoceum DMST 21761 5 10 2
Klebsiella sp. NRRU 004 10 20 2
Salmonella enterica NRRU 002 10 20 2
Salmonella Typhi NRRU 003 25 20 8
Staphylococcus aureus ATCC 29213 0.6 10 16
Methicillin Resistant Staphylococcus aureus NPRC 001R 1.25 20 16
Staphylococcus epidermidis ATCC 12228 25 5 2
Staphylococcus epidermidis ATCC 35984 2.5 10 4
Staphylococcus intermedius TISTR 668 1.25 5 4

3. ﬂizﬁﬂ%ﬂ’liﬂ’;ﬂ@&u%ﬂlmﬂﬁL%El"lladmal:ma‘lwa&l
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\ia E. coli maiﬁwa:ummﬁ'@mmmamﬁmumaﬁ
wuaSele (Figure 2)
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o 6 a A vl ' ] a 1
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Control Water Soap MBC 2MBC 4MBC 8MBC

Figure 1 The effect of liquid soap mixed with various
concentration of extract formula 4 on reducing the
number of S. epidermidis cells. Data are presented as
the means + SD of three representative percent of
bacterial cells. The results showed statistically
significance (*, p < 0.05) of the differences between

the 4 formulas and soap control results.
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Figure 2 The effects of liquid soap mixed with various
concentration of extract formula 4 on reducing the
number of S. epidermidis cells. A; the initial amount of
bacteria, B-G; the amount of bacterial remaining after
washing with B, tap water; C, liquid soap; D-G, liquid
soap mixed with extract formula 4 at MBC (D); 2MBC
(E); 4MBC (F); 8MBC (G).
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Figure 3 The effect of liquid soap mixed with different
concentration of extract formula 4 on reducing the
number of E. coli cells. Data are presented as the

means + SD of three representative percent of bacterial
cells. The results showed statistically significance

(*, p < 0.05) of the differences between the 4 formulas

and soap control results.
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Figure 4 The effects of liquid soap mixed with various

concentration of extract formula 4 on reducing the
number of E. coli cells. A; the initial amount of bacteria,
B-G; the amount of bacterial remaining after washing
with B, tap water; C, liquid soap; D-G, liquid soap
mixed with extract formula 4 at MBC (D); 2MBC (E);
4MBC (F); 8MBC (G).
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