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Abstract
Zingiber cassumunar Roxb. rhizome extract has high potential as an antimicrobial agent, which can be applied in various 
food production processes and plays role in inhibiting various foodborne pathogenic microorganisms. The purpose of this 
research was to study the mechanism and stability of the extract’s antimicrobial activity, especially when observed from 
the degradation of microbial cells. Specimens were extracted by maceration method with three types of solvents with dif-
ferent polarities and steam distillation. The 25% extract using ethyl acetate solvent showed antimicrobial activity against 
Gram-negative bacteria (Enterobacter spp. and Pseudomonas spp.); Gram-positive bacteria (Listeria monocytogenes); and 
fungi (Rhizopus oryzae and Penicillium spp.) in well-diffusion assays. The antimicrobial activity of the extract was lower 
than several commercially used antibiotics such as antibacterial (penicillin G and streptomycin) and antifungal (nystatin) 
but exhibited broad inhibition spectrum against pathogen samples. The antimicrobial activity of the extract will increase 
at a low pH condition (pH 4–5) and is stable in 1–4% salt solution. Although the inhibitory activity was decreased slightly 
upon heating, the antimicrobial activity was stable up to 15 min of exposure to high temperatures (80○C and 100○C). Anti-
microbial activity of the extract was reported to be higher in a spheroplast and protoplast condition. Leakage of metal ions 
such as calcium and potassium ions indicated that the activity of the extract could interfere with cell permeability so that the 
cells become lysed. The extract caused some damage to the bacteria and fungi cell bodies such as holes, curls, shrinkage, 
elongation, and swelling.
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Introduction

Microorganisms are one of the main contributors that can 
affect the shelf life of a food product because they can 
quickly multiply either in the food product itself or caused 
by contamination in the process and distribution of the food 
product [1, 2]. If in general there are various microorgan-
isms that spoil food products, contamination of pathogenic 
microorganisms becomes something very dangerous because 
the toxins produced are the main suspect of various diseases 
caused by damage to food products [3–5].

Herbs and spices come from various parts of plants such 
as leaves, roots, tubers, rhizomes, stems, seeds and flow-
ers, which have the potential to have health benefits, pro-
vide aroma, enhance flavor, and be able to preserve food 
ingredients [6–9]. Zingiber cassumunar Roxb. (Fig. 1) is 
a species of the Zingiberaceae family that grows in South 
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and Southeast Asia [10, 11]. Z. cassumunar is also known 
as plai in Thailand and bulei in China [12]. Traditionally, 
Z. cassumunar is used as herbal medicine which has vari-
ous properties such as antiseptic, anti-infective and anti-
inflammatory [13, 14]. Z. cassumunar has the potential to 
be an antimicrobial agent which is useful for extending 
the shelf life of food products [15, 16]. Han et al. [12] 
stated that various phytochemical compound of Z. cassu-
munar rhizome extract such as phenylbutenoids, sesquit-
erpenoids, monoterpenoids, curcuminoids, benzaldehydes, 
and quinones; contributed to its bioactive potency. The 
presence of curcumin as one of the active compounds in 
Z. cassumunar makes it potential to be used as a natural 
dye and natural antioxidant [17].

Extraction is a way to isolate, purify, and separate the 
desired substance from a substrate with the help of a solvent 
to form different phases [18, 19]. The choice of extraction 
method for separating active components is very important 
to obtain the desired optimal extract, especially related to 
the polarity of substances in the substrate, primarily speci-
mens derived from plants [20]. The extraction methods 
which commonly used to obtain extracts of plant parts are 
liquid–liquid extraction and solid–liquid extraction using 
solvents that have different polarities such as various types 
of alcohol, ethyl acetate, acetone, diethyl ether, hexane, and 
water [21, 22].

Maceration extraction is a solid–liquid extraction with the 
percolation concept, in which the extraction is carried out 
by immersing the specimen in a continuous circulation of 
the solvent for a certain time [22, 23]. Maceration extraction 
can be optimized by setting the specimen size, temperature, 
degree of acidity, and time [24, 25]. Maceration extraction 
is suitable for extracting active components that are not heat 
resistant (thermolabile) because it does not require the use 
of relatively high temperatures which of course are adjusted 
to the solvent, while the weakness of this method is that it 
usually uses a large number of test specimens and solvents 
and requires a longer extraction time [23, 26].

Steam distillation is an alternative extraction method that 
is widely used to extract aromatic and volatile compounds 
derived from plants, especially those with high boiling 
points [27–30]. Dry steam is used as an extracting agent 
to extract plant specimens, so that the volatile compounds 
carried in the steam can be condensed into essential oils 
[31, 32]. Hydrodistillation is an extraction method similar 
to steam distillation, but instead of using dry steam as the 
extracting agent, it uses boiling water [32]. The weakness 
of steam distillation aside from the use of high temperatures 
which can degrade some aromatic compounds is the car-
rying of polar (water soluble) volatile compounds into the 
extracting agent so that the extraction results are not exten-
sive, even though the condensate water which may carry the 
polar volatile compounds can be re-distilled [28, 33].

Extraction of essential oils from Z. cassumunar rhizomes 
using the hydrodistillation method has a yield of about 
0.95% [15]. The active components in Z. cassumunar rhi-
zome essential oil are dominated by sabinene (~ 40%) and 
terpinene-4-ol (~ 30%) [13, 34]. Sabinene and terpinene are 
active components that contribute to antimicrobial activity 
[35]. Essential oil from Z. cassumunar leaves with a con-
centration of 500 ppm (mg/l) can inhibit the growth of the 
fungus Botrytis cinerea (a pathogen in fruits) up to 100% 
[36]. Essential oil from Z. cassumunar rhizome can inhibit 
various types of Gram-positive bacteria (Propionibacterium 
acnes, Staphylococcus epidermidis, and Bacillus subtilis), 
Gram-negative bacteria (Escherichia coli, Salmonella Thypi, 
and Klebsiella pneumoniae), and yeast (Candida albicans 
and Cryptococcus neoformans) [13]. The phenylbutanoid 
content in Z. cassumunar rhizome essential oil can inhibit 
Gram-positive bacteria (Staphylococcus aureus) and Gram-
negative bacteria (Pseudomonas aeruginosa) [37].

This study used several types of foodborne pathogenic 
microorganisms representing Gram-negative bacteria (Entero-
bacter spp. and Pseudomonas spp.), Gram-positive bacteria 
(Listeria monocytogenes), and fungi (Rhizopus oryzae and 
Penicillium spp.) which are commonly found in various food 

Fig. 1   Zingiber cassumunar R. 
plant and rhizomes obtained 
from local farmers, in Klaten 
district, Central Java, Indonesia
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products. Enterobacter spp. is a Gram-negative, facultative 
anaerobic, motile, and rod-shaped bacterium that can grow 
optimally in the temperature range of 30–37○C and is known 
as a pathogenic bacterium [38, 39]. Enterobacter cloacae is 
one of the pathogenic bacteria in plants (contributing to the 
damage of agricultural products such as onions, papayas and 
cassavas) which can cause bacteraemia, respiratory tract infec-
tions and urinary tract infections [40]. Yersinia enterocolitica 
is also a genus of Enterobacteriaceae which is a pathogen 
in dairy and meat products, and can cause yersiniosis in the 
digestive tract with symptoms such as diarrhea and intestinal 
inflammation [41, 42]. Pseudomonas spp. is a Gram-negative, 
aerobic, motile, and rod-shaped bacterium that can grow in a 
wide temperature range between 4–42○C with optimal growth 
temperatures above 20○C [43–45]. Several species of Pseu-
domonas spp. that often become pathogens in various dairy 
products include Pseudomonas fluorescens and Pseudomonas 
aeruginosa can cause infections in humans with serious burns, 
low immunity, and cystic fibrosis [43, 44, 46]. Listeria mono-
cytogenes is a Gram-positive pathogenic bacterium in the 
form of a rod that grows in a wide temperature range between 
1–45○C with an optimal temperature between 30–37○C [47, 
48]. L. monocytogenes contaminates many ready-to-eat foods 
such as processed meat products and unpasteurized dairy 
products which can cause listeriosis with symptoms of fever, 
nausea, muscle aches and diarrhea [48, 49].

Rhizopus oryzae is a filamentous fungi from the zygomy-
cota phylum which has a growth temperature in the range 
of 30○C which contaminates many food products because it 
reproduces easily due to its high metabolic activity [50, 51]. 
Even though R. oryzae is a type of fermented fungi such as 
in tempe products, its massive growth causes it to become a 
pathogen in food products such as post-harvest rot in apples 
and root rot in mulberries [52–54]. The disease caused by 
R. oryzae contamination is mucormycosis, which is caused 
by inhalation of spores which causes tissue damage due to 
lack of blood supply which results in bleeding in some soft 
tissues such as the digestive tract and skin [55]. Penicillium 
spp. is a fungi that is widely found in the human environ-
ment, where spread from the soil to the air and functions as 
a decomposer [56, 57]. Penicillium spp. is a blue-green fungi 
of ascomycota with a granular surface and capable of pro-
ducing an extracellular enzyme system which can potentially 
hydrolyze lignocellulose [58, 59]. Penicillium spp. grows in 
a temperature range of 4–37○C with an optimal tempera-
ture of 24○C often causing root rot in agricultural or planta-
tion products [60]. As a pathogen, Penicillium spp. produce 
mycotoxin which is a toxic secondary metabolite for humans 
and animals such as Penicillium verrucosum and Penicillium 
viridicatum which produce ochratoxin [59].

Although many researches about the phytochemical bio-
activity of Z. cassumunar extract had been done before, 
there was no study that examined its antimicrobial activity 

mechanism and stability on various proper environment con-
dition based on commonly used food product criteria such as, 
pH, temperature, salt solution. Other than that, a comparison 
study with commercial antibiotics and antifungal shall show 
the extract’s potency as natural antimicrobial agent. Based 
on the description of the benefits and potency of Z. cassumu-
nar, further research was needed to study the antimicrobial 
mechanism of Z. cassumunar extract against the damage to 
foodborne pathogenic microbial cells and the stability of the 
antimicrobial activity of Z. cassumunar extract against envi-
ronmental conditions such as pH, salt solution, and tempera-
ture; so that the application of the extract in food products 
and as a natural antimicrobial agent could be optimized.

Materials and Methods

Materials

The materials used in this study consisted of main raw mate-
rials, analytical materials (including microbiological and 
physicochemical analysis), and microorganism specimens. 
The main raw material was Z. cassumunar rhizome obtained 
from local farmers in the Klaten district, Central Java, Indo-
nesia. The materials used for the physicochemical analysis 
included various solvents namely water, hexane and ethyl 
acetate obtained from Bratachem. Materials for analysis 
included NaCl from Dolphin, where KH2PO4 solution, HCl, 
NaOH, Nutrient Agar media, Nutrient Broth, Potato Dex-
trose Agar, Potato Dextrose Broth, and Tween-80 obtained 
from Merck; Penicillin-G antibiotics and Streptomycin Sul-
phate antibiotics obtained from Meiji, and Nystatin antifun-
gal from Novell. The microorganism specimens used were 
pure cultures of Gram-negative bacteria (Enterobacter spp. 
and Pseudomonas spp.), pure cultures of Gram-positive 
bacteria (L. monocytogenes), and fungi cultures (R. oryzae 
and Penicillium spp.) obtained from SEAFAST (South-
East Asian Food and Agriculture Science and Technology) 
Center, Institut Pertanian Bogor, Indonesia.

Research Methods

The general research procedures included the extraction 
process, analysis of antimicrobial activity, and testing of 
advanced mechanisms such as damage to the bacterial cell 
wall (spheroplast and protoplast), stability of the extract 
against the environment, comparison of extract activity with 
antibiotics, leakage of metal ions, and analysis of damage 
to cell morphology. The research flowchart can be seen in 
Fig. 2.
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Extraction by Maceration Method

Maceration extraction was carried out by adopting the 
method from Houghton & Raman [23] and Farooq et al. 
[61]. Fresh Z. cassumunar rhizomes were washed, reduced 
in size and water content using chopper and oven (Mem-
mert) at 40○C for about 72 h. Drying was considered com-
plete when the Z. cassumunar rhizome shrunk and could 
be broken easily. The results of this drying process were 
ground into a coarse powder with blender (Phillips) to be 
then extracted.

Extraction was carried out using three types of solvents 
representing different polarities, namely water (polar, dipole 
moment 9.2 D), ethyl acetate (semipolar, dipole moment 
4.4 D), and hexane (non-polar, dipole moment 0.0 D) [62]. 
The amount of 100 g of Z. cassumunar rhizome powder 
specimens were mixed in 600 ml of solvent and stirred in 
an incubator shaker (Memmert) for 24 h at 37○C. Filtration 
was done by filter paper and vacuum pump (Buchi). Extracts 
derived from water solvents were concentrated with a water 
bath (Memmert) for 72 h at 50○C. Extracts derived from 
ethyl acetate and hexane were concentrated with a rotary 
evaporator (Buchi) for 1 h at 50○C. All of these extracts 

were used in analyzing the antimicrobial activity with the 
well-diffusion method.

Qualitative Phytochemical Analysis of Z. cassumunar Rhi‑
zome Maceration Extract  Phytochemical analysis was car-
ried out using methods from Harborne [63] to qualitatively 
determine the active components of Z. cassumunar rhizome 
extract which have antimicrobial activity, primarily against 
pathogenic microorganisms. The active components tested 
included tannins, alkaloids, flavonoids, saponins, terpenoids, 
steroids, phenolics, and glycosides. The stages of phyto-
chemical testing methods ar as followed:

a.	 Tannin analysis
	   1 ml of extract sample was put into a test tube and 

then added 1% gelatin solution. The test results show 
positive when a white precipitate forms

b.	 Alkaloid analysis
	   As much as 1 ml of the extract sample was concen-

trated into the spot plate and then added 3 drops of dra-
gendorf reagent. The test results show positive when it 
forms orange red.

c.	 Flavonoid analysis

Fig. 2   Research flow and procedures
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	   1 ml of extract sample was added with a few drops 
of concentrated H2SO4. The test result is positive when 
yellow (flavones and isoflavones), orange (flavonoids), 
and red (chalcones) are formed.

d.	 Saponin analysis
	   1 ml of the extract sample was concentrated and put 

into a test tube and then added 10 ml of hot water. The 
solution was cooled and shaken for 10 seconds and will 
froth which lasts for 10 minutes if saponins are present.

e.	 Terpenoid analysis
	   1 mg of dried Z. cassumunar rhizome powder was 

dissolved in 2 ml of chloroform and added with 10 drops 
of anhydrous acetic acid and 3 drops of concentrated 
sulfuric acid. The solution was shaken slowly and left 
for a few minutes. The test result is positive if a red or 
purple color is formed.

f.	 Steroid analysis
	   1 g of dried Z. cassumunar rhizome powder sample 

was added with 3 drops of anhydrous acetic acid and 1 
drop of concentrated sulfuric acid. The test was positive 
if a green or blue color is formed that is stable for about 
1 minute.

g.	 Phenolic analysis
	   1 g of dried Z. cassumunar rhizome powder sample 

was dissolved in 10 ml of ethanol and filtered to obtain 
the filtrate. The filtrate is dripped with 5 drops of 10% 
NaOH. The test was positive if a red color is formed 
which is stable for about 1 minute.

h.	 Glycosides analysis
	   1 ml of Z. cassumunar rhizome extract sample was 

evaporated and dissolved with 5 ml of acetic anhydrous 
acid and added with 10 drops of concentrated sulphuric 
acid. A positive result was indicated by the formation of 
a green or blue colour.

Extraction by Steam Distillation Method

Steam distillation method was adopted from Wan et al. [64] 
and Ayub et al. [65]. The treatment for Z. cassumunar rhi-
zomes samples were the same as the maceration extraction 
method. After going through the drying and grinding pro-
cess, 1000 g of Z. cassumunar rhizome powder was steam-
distillate for 3 h to get its volatile compounds. Water was 
heated to ~ 100○C to produce steam which was used for 
distillation. Water vapour and essential oils would separate 
when condensed. The addition of anhydrous sodium sul-
phate was carried out to dehydrate essential oils.

Analysing the Antimicrobial Activity of Z. cassumunar R. Rhi‑
zome Extract Using the Well‑Diffusion Method  The test was 
carried out to determine the optimal extract concentration 
which showed antimicrobial activity. Optimal inhibition is 
shown from the smallest extract concentration which is able 

to produce a diameter of inhibition that is not different from 
other concentrations. Well-diffusion method was carried out 
according to Magaldi et al. [66].

The microbial culture to be tested was refreshened up 
by inoculation into 10 ml of nutrient broth (for bacteria) 
and potato dextrose broth (for fungi) and incubated for 24 h 
at 37○C (for bacteria) and 30○C (for fungi). The cultures 
were then re-inoculated into 9 ml of nutrient broth or potato 
dextrose broth and incubated until they reached the expo-
nential phase (8 h for bacteria and 24 h for fungi). Before 
analysing the antimicrobial activity of the extract, the cul-
tures were incubated (8 h for bacteria and 24 h for fungi) 
to reach at least 106 CFU/ml microbial density. By doing 
this, the potency of antimicrobial activity could be analysed 
against similar amount and density of each microbial cul-
tures (~ 106 CFU/ml).

Microbial suspension of 1 ml was inoculated with liq-
uid nutrient agar (for bacteria) and liquid potato dextrose 
agar (for fungi) at a stable temperature and poured into petri 
dishes to solidify. Tween-80 (0.5%) were added to the agar 
media to optimized the extract’s difussion in non polaric 
phase (hexane solvent maceration and essential oil). After 
the media becomes solid, holes are made with a diameter of 
6 mm. Z. cassumunar rhizome extract as much as 60 µl was 
added with different concentrations (control 0%, 5%, 10%, 
15%, 20%, 25% (w/v). Incubation was carried out at 37○C 
for 24 h (for bacteria) and 48 h (for fungi). Control speci-
mens were pure solvents without extract addition such as 
water, ethyl acetate, and hexane (according to each macera-
tion extraction types). For essential oil specimen, the control 
was hexane (non-polar solvent), to accommodate its polarity. 
The inhibition diameter was measured based on the clear 
area formed around the well using a caliper.The test was 
repeated three times.

Determination of Minimum Inhibitory Concentration (MIC), 
Minimum Bactericidal Concentration (MBC), and Minimum 
Fungicidal Concentration (MFC)

Tests were carried out to determine the minimum concen-
tration of the extract sufficient to inhibit microbial growth 
[67]. The MIC calculation is determined by natural loga-
rithmic (Ln) of concentration of Z. cassumunar rhizome 
extract on the X axis; against the squared value of inhibi-
tion diameter on the Y axis. The intersection of the curve 
with the X axis gives the value of natural logarithmic of 
MBC or MFC. The concentration of MBC or MFC is the 
anti-Ln of the intersection value. MIC is 25% of the MBC 
or MFC value. The example of calculating MBC and MIC 
of Enterobacter spp. is showed in Fig. 3.
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Stability Analysis of Selected Extract Antimicrobial Activity 
Against pH

The Z. cassumunar extract was tested for stability at vari-
ous pH levels by dissolving it in a solution of KH2PO4 
(which was made by dissolving 17 g of KH2PO4 in 250 ml 
of distilled water) with the degree of acidity adjusted 
(starting from 4, 5, 6, 7, and 8) using HCl and NaOH. 
The extract was dissolved at the chosen concentration 
in a KH2PO4 solution whose degree of acidity had been 
adjusted and then tested again for its antimicrobial activ-
ity using the well-diffusion method.

Stability Analysis of Selected Extract Antimicrobial Activity 
Against Salt Solution

The selected Z. cassumunar rhizome extract was added to 
a saturated salt solution with a concentration of 0 (con-
trol), 1, 2, 3, and 4% (w/v). The extract was again tested for 
its antimicrobial activity using the well-diffusion method.

Stability Analysis of Selected Extract Antimicrobial Activity 
Against Heat Treatment

Z. cassumunar rhizome extract was heated at 80○C and 
100○C for 0 (control without heating) 5, 10, and 15 min. 
The extract was again tested for its antimicrobial activity 
using the well-diffusion method.

Comparison Between Selected Extract Antimicrobial 
Activity Against Antibiotics

The selected concentration of Z. cassumunar rhizome extract 
was used as a control to be compared with the microbial 
inhibition performance of 3 types of antibiotics namely peni-
cillin and streptomycin (antibacterial); and nystatin (antifun-
gal). The concentration of the antibiotics used was varied 
to 10, 50, and 100 ppm. Antibiotic solutions were made by 
diluting each different antibiotic powder used in this study 
into 1 L of water according to the desired concentration such 
as 10 mg/l for 10 ppm solution; 50 mg/l for 50 ppm solution, 
and 100 mg/l for 100 ppm solution. Antimicrobial activ-
ity testing was again carried out using the well-diffusion 
method.

Fig. 3   Calculation example of 
MBC and MIC of Enterobacter 
spp.
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Bacterial Protoplast and Spheroplast Analysis

Spheroplast analysis was performed for Gram-negative 
bacteria (Enterobacter spp. and Pseudomonas spp.) and 
protoplast for Gram-positive bacteria (L. monocytogenes). 
Spheroplast testing was carried out by inoculating the bacte-
rial culture on nutrient agar which had been incubated for 
24 h, and the colony were suspended in sterile 10 mM tris 
HCl buffer containing 1 mmol EDTA, 0.5 mol/l sucrose, and 
50 µg/l lysozyme then incubated for 30 min. The process was 
continued by centrifugation for 15 min at room tempera-
ture at 6000 rpm and resuspended in 1 ml of 10 mM sterile 
tris HCl buffer without lysozyme. Controls were intact cells 
suspended in only 1 ml of 10 mM sterile trisHCl buffer. 
Antimicrobial activity analysis was again carried out using 
the well-diffusion method.

Protoplast analysis was carried out by inoculating the 
bacterial culture on NA which was incubated for 24 h, 
and suspended in sterile 10 mM tris HCl buffer containing 
0.01 mol/l MgCl2, 0.5 mol/l sucrose, and 50 µg/l lysozyme 
and then incubated for 30 min. The process was continued by 
centrifugation for 15 min at room temperature at 6000 rpm 
and resuspended in 1 ml of 10 mM sterile tris HCl buffer 
without lysozyme. Controls were intact cells suspended only 
in 1 ml of 10 mM sterile tris HCl buffer. Antimicrobial activ-
ity analysis was again carried out using the well diffusion 
method. The entire process of making pheroplast and pro-
toplast were carried out using the methods from Willams & 
Gledhill [68].

Leakage of Metal Ions in Microbial Cells

Analysis of metal ion leakage was carried out according to 
Giokas et al. [69], using an atomic absorption spectropho-
tometer (Shimadzu). Selected extracts were contacted with 
microbial pellets so that metal ion leakage could be identi-
fied as a sign of lysis in microbial cells. The metal ion leaks 
to be detected are Ca2+ and K+. The sample was destructed 
in the selected solvent. Solutions containing metal ions were 
evaporated using acetylene until they were reduced in gase-
ous form. The cathode lamp will emit energy at a certain 
wavelength (according to the desired metal ion) which is 
absorbed by the metal ions evaporated using acetylene. It is 
the amount of energy absorbed that reflects the amount of 
metal ion that is evaporated.

Damage Analysis of Microbial Cell Morphology

Tests were carried out using a scanning electron microscope 
(Hitachi) at a magnification of up to 10,000 × (on bacterial 
samples) and 7500 × (on fungal samples) to see damage 
to microbial cells. Sample preparation was carried out by 
preparing microbial cultures in nutrient broth (bacteria) or 

potato dextrose broth (fungi). Z. cassumunar rhizome extract 
was added according to the selected concentration and 
homogenized with a vortex for incubation. The microbial 
suspension was put into an Eppendorf tube to be separated 
by centrifugation at 1550 rpm for 10 min. The precipitate 
was fixed with a primer made of 20% glutaraldehyde in 
0.2 M sodium cacodylate. The suspension was allowed to 
stand for 2 h at 4○C and then precipitated again by centrifu-
gation and the remaining solution could be discarded.

Rinsing was carried out by dissolving the sample in 
sodium cacodylate buffer solution and incubating it for 
10 min at 4○C and then purifying the suspension using a 
centrifuge. Rinsing was carried out 2 times. The sample was 
then dissolved in tannic acid (0.2 g of tannic acid in 10 ml 
of sodium cacodylate buffer) and left for 24 h. The samples 
were again rinsed with sodium cacodylate buffer 2 times.

Sample drying was carried out by dissolving the sample 
in alcohol with concentrations ranging from 50, 60, 70, 80, 
90, and 100% (2 times repetition) with the addition of tert-
butanol. The suspension is separated by centrifugation so 
that the solution can be removed and a little tert-butanol can 
be added to the bacterial precipitate to thicken it. The sample 
suspension is applied slowly using a loop on the cover glass, 
and attached to the stub. The stub was plated with gold for 
5 min using ion plating and then tested using scanning elec-
tron microscope. The microscopy process was carried out 
using method from Bozzola & Russell [70].

Statistical Analysis

Data analysis for the influence of the variable type of sol-
vent, extract concentration, stability of the extract on pH, 
temperature, and salt was carried out using a factorial com-
pletely randomized design (CRD) method (two factors for 
solvent and extract concentration variables and one factor for 
the variable of pH, temperature, and salt) and Duncan's test.

Result and Discussion

Sample Preparation

Fresh Z. cassumunar rhizome first lowered its water con-
tent using a dryer at 40○C. Reducing the water content is 
important to avoid enzymatic reactions that may occur in 
fresh rhizomes and potentially degrade bioactive compo-
nents when extraction is carried out [71]. The water content 
of fresh Z. cassumunar was 61.89 ± 1.88%. After reducing 
the water content, the dried Z. cassumunar was ground into 
powder. Z. cassumunar powder has a moisture content of 
10.48 ± 0.35%. Refinement of the sample is carried out with 
the aim of obtaining more extract results due to the greater 
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surface area so that it can produce more dissolved compo-
nents when extracted.

In general, the process of reducing the water content is 
carried out at a temperature of 60○C, so the use of low tem-
peratures (20–40○C) in the treatment of specimens aims to 
reduce the risk of degradation of various phenolic compo-
nents [72]. There was a 12.2% decrease in essential oil at 
around 60–65○C, and a 5.3% reduction in oleoresin at 60○C 
from the extraction process of ginger (Zingiber officinale) 
rhizome [73]. This certainly contributes to obtaining a lower 
water content than heating to a higher temperature (60○C) 
such as ginger rhizome with a water content of 81.3% [73].

Extraction

Maceration extraction was carried out using three solvents 
with different polarities (hexane, ethyl acetate, and water) to 
extract the bioactive components whose solubility matched 
the polarity of the solvents. Essential oil extraction was car-
ried out by water-based steam distillation method.

Maceration and Qualitative Phytochemical Analysis

A ratio of 1:6 between sample and solvent was chosen so 
that the sample can be submerged properly and has a low 
viscosity so that the bioactive components can be extracted 
optimally both when soaking and shaking with an incuba-
tor shaker. The sample solution is filtered with the help of 
a vacuum pump and the filtrate is evaporated to remove 
the solvent to produce an extract in a more concentrated 
form. The extract is stored in a concentrated container and 
at refrigerator temperature (4○C) to maintain the stability of 
the bioactive components because high light intensity and 
increased temperature have the potential to reduce the activ-
ity of the components in the extract [74–76].

The results of the water extract were obtained in the 
form of a brownish-dark yellow solid (Fig. 4a). The results 
of the ethyl acetate extract were obtained in the form of 
a dark yellow viscous liquid (Fig. 4b). The results of the 
hexane extract were obtained in the form of a light yellow 
viscous liquid (Fig. 4c). The resulting extract yields were 

13.02 ± 0.37% (water), 4.92 ± 0.28% (ethyl acetate), and 
2.60 ± 0.18% (hexane). The bioactive components in Zin-
giberaceae rhizomes are generally polar, as in the extraction 
of the rhizome of Curcuma zedoaria which produced a yield 
of 6.85% in polar solvents compared to 1.21% in non-polar 
solvents [77]. The magnitude of the yield value of an extract 
does not necessarily reflect the magnitude of the activity of 
a bioactive component of the extract [78, 79].

Qualitative phytochemical analysis was carried out on the 
extract results with three types of solvents. The three types 
of solvents are capable of extracting bioactive compounds 
in different intensities. These compounds include phenolic 
acids, glycosides, flavonoids, triterpenoids, saponins, and 
alkaloids (Table 1). Phenolic compounds are one of the aro-
matic compounds that are polar and easily soluble in water 
which are often found bound to sugars as glycosides [80, 
81]. Flavonoid compounds are derivatives of polyphenols 
which contain the most in plant extracts and contribute as 
antioxidants, anti-inflammatory, anticancer, and antimi-
crobial by modulating cellular enzymatic functions such 
as anthocyanin color pigments which are water soluble 
[82–85]. Triterpenoid compounds are active plant com-
pounds that have alcohol groups and contribute to antimi-
crobial activity, one of which is terpinene [86–88]. Saponins 
are often found as glycosides of the triterpenoid group [89]. 

Fig. 4   Maceration extract result (a, b, c) and essential oil (d)

Table 1   Qualitative phytochemical analysis of Z. cassumunar mac-
eration extract using 3 types of solvents

Key: (-): Negative, ( +): Weak Positive, (+ +): Positive, (+ + +): 
Strong positive

Phytochemical 
compound

Water extract Ethyl acetate 
extract

Hexane extract

Alkaloid  +  +  +   +  +  +   +  + 
Saponin  +  +  +   +   + 
Tannin - - -
Flavonoid  +  +   +  +  +   + 
Phenolic acid  +  +  +   +  +  +   +  +  + 
Triterpenoid  +  +  +   +  +  +   +  +  + 
Steroid - - -
Glycoside  +  +  +   +  +  +   +  +  + 
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Alkaloids are secondary components of plants that have 
nitrogen groups and are widely available in the form of salts 
or organic acids [90, 91]. Tannins are anti-nutrient com-
ponents that contribute to inhibiting the absorption of iron 
in the body, even so, tannins have the potential to be good 
antioxidants, such as (-)-epigallocatechin-3-gallate (EGCG) 
[92]. Tannins are common in Zingiberaceae, however, the 
absence of tannins in the phytochemical analysis of Z. cas-
sumunar could be a contribution from the relatively young 
age of Z. cassumunar and the amount of CO2 in the environ-
ment where Z. cassumunar was planted below 400 µmol/
mol [93]. Steroids are usually found as active components in 
Zingiberaceae extracts, but the results of the phytochemical 
analysis in this study did not detect the presence of steroids 
in Z. cassumunar extract. This also occurred in a study by 
Hamad et al. [94] which stated that steroids and tannins were 
not detected in ginger extract (Z. officinale) extracted with 
water at 90○C. The study by Han et al. [12] also revealed 
that various phytochemical compounds have the potency of 
becoming antimicrobial agent and many medicinal proper-
ties such as anticancer, anti-inflammatory, anti-asthma, and 
antioxidant.

Steam Distillation

Extraction by steam distillation was carried out using fresh 
Z. cassumunar rhizome. The result of steam distillation 
is liquid essential oil which has a transparent light yellow 
color with a yield of 3.15 ± 0.19% (Fig. 4d). The most active 
ingredients in the essential oil of the rhizome of Z. cassumu-
nar are sabinene (~ 40%) and terpinene-4-ol (~ 30%) which 
actively contribute to antimicrobial activity [13, 34, 35].

Antimicrobial Activity Testing Using Well Diffusion 
Methods

Antimicrobial activity analysis was carried out with four 
different extractions where three of them used maceration 
methods with different solvents (water, ethyl acetate, and 
hexane) and steam distillation extraction (which produces 
essential oils). The extract concentrations used were 5, 10, 
15, 20, and 25% (w/v) for the tested microorganisms. Control 
specimens (which are solvents without extract) proofed that 
inhibition occured not caused by the influence of the solvent, 
but by the bioactive content obtained from the extract. Ini-
tial density of microbial specimens were calculated accord-
ing to its incubation time. Table 2 showed the intial density 
of microbial specimens which on average ~ 106 CFU/ml. 
The amount of microbial density is important to know the 
potency of antimicrobial activity against the similar amount 
of microorganisms. Initial density of microbial specimens 
were in the range of 6.32 – 6.90 log CFU/ml. Calculation 
of antimicrobial activity is indicated by the area of ​​the clear 

zone or the diameter of the inhibition. Even though in the 
phytochemical tests the extracts showed positive results for 
various phytochemical components (Table 1), the test results 
showed that most of the water, hexane, and steam distil-
lation extracts did not have an inhibition zone, or if there 
was, the inhibition zone was present in the fungi specimens 
with the higher extract concentration. This may be due to 
the less concentration of the extract so that its antimicrobial 
activity has not been detected. Essential oil itself consists 
of aromatic and volatile compounds which are the result of 
lipophilic extraction which tend to be non-polar and insolu-
ble in water [95–97]. Most of the essential oil compositions 
consist of terpenes and terpenoids which are quite effective 
in acting as antifungals [36, 98, 99]. At the concentrations 
used, it can be seen that the antifungal activity of R. oryzae 
and Penicillium spp. occurs, but in bacteria the antibacterial 
activity has not been seen so it is likely that the concentra-
tion used is not large enough. Figures 5, 6, 7, 8, and 9 show 
this phenomenon.

Semipolar extract with ethyl acetate solvent showed 
antimicrobial activity on all microbial specimens (Gram-
negative, Gram-positive, and fungi) with concentrations 
ranging from 5–25%. If we look at the absence of activity 
in the hexane and water extracts, this may be due to the 
ethyl acetate extract being able to extract polar and nonpolar 
compounds, and there is a combination of activity between 
these compounds so that, even at low concentrations used, 
antimicrobial activity has been detected. Several studies 
have shown antimicrobial activity using extracts with ethyl 
acetate solvents, including: mangrove leaf extract Avicennia 
officinalis as much as 250 µg/ml can inhibit the growth of 
Enterobacter aerogenes and P. aeruginosa with inhibition 
diameters of 14 and 22 mm [100]; 50 and 100 µg/ml of 
Ulmus wallichiana tree bark extract could inhibit the growth 
of P. aeruginosa with an inhibition diameter of 10 and 32 
mm [101]; Moringa oleifera twig extract 100% can inhibit 
the growth of L. monocytogenes with an inhibition diameter 
of about 6.6 mm [102]; Aconitum chasmanthum rhizome 
extract 5 – 15% inhibited the growth of Penicillium notatum 
by 55.34 – 78.21% mycelial inhibition [103]; 100% Chamae-
cyparis obtusa trunk and twig extract can inhibit the growth 

Table 2   Initial microbial density of each specimens

Microorganism Initial microbial 
density (CFU/ml)

Density logarith-
mic (log CFU/ml)

Enterobacter spp. (6.7 ± 0.14) × 106 6.83 ± 0.01
Pseudomonas spp. (3.5 ± 0.49) × 106 6.54 ± 0.06
Listeria monocytogenes (2.2 ± 0.42) × 106 6.34 ± 0.08
Rhizopus oryzae (7.9 ± 0.14) × 106 6.90 ± 0.01
Penicillium spp. (2.1 ± 0.42) × 106 6.32 ± 0.09
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of R. oryzae with an inhibition diameter of about 25.3 – 26.7 
mm [104].

Figures 5 and 6 show the antimicrobial activity of ethyl 
acetate extract against Gram-negative bacteria Enterobacter 
spp. (0.78–3.53 mm) and Pseudomonas spp. (1.95–3.55 mm) 

with an increasing trend of inhibition as the concentration 
of ethyl acetate solvent extract increased. Figure 7 shows 
the antimicrobial activity of the ethyl acetate extract against 
Gram-positive bacteria L. monocytogenes (2.38–7.50 mm) 
with an increasing trend of inhibition as the concentration 

Fig. 5   Inhibitory diameter of 
extract using various solvents 
and concentrations against 
Enterobacter spp.

Fig. 6   Inhibitory diameter of 
extract using various solvents 
and concentrations against 
Pseudomonas spp.

Fig. 7   Inhibitory diameter of 
extract using various solvents 
and concentrations against 
Listeria monocytogenes 
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of the ethyl acetate solvent extract increases. Inhibition in 
Gram-negative bacteria tends to be smaller because the 
structure of the cell wall of Gram-negative bacteria is more 
complex consisting of a thin layer of lipopolysaccharide, 
protein, phospholipids, and peptidoglycan, resulting in pen-
etration of the extract into the cell more difficult when com-
pared to Gram-positive bacteria, even some Gram-negative 
bacteria are able to make defense enzymes in the periplasm 
to degrade several types of antibiotics such as penicillin 
[105].

Figures 8 and 9 show the antimicrobial activity of ethyl 
acetate extract against R. oryzae (1.18–8.18 mm) and Peni-
cillium spp. (3.60–7.28 mm) with an increasing trend of 
inhibition along with increasing concentration of ethyl ace-
tate solvent extract. Fungi are eukaryotic organisms with 
complex cell walls where one of the constituents of the cell 
membrane is a sterol component in the form of ergosterol 
[106]. This resulted in the inhibition of non-polar extracts 
with hexane and essential oils in R. oryzae (7.53–11.63 mm 
for hexane extraction and 2.43–3.95 mm for essential oils) 
and Penicillium spp. (1.45–2.20 mm for essential oils).

The antimicrobial activity analysis showed that the ethyl 
acetate maceration extract had broader inhibition range 
against different types of foodborne pathogenic microorgan-
isms. The higher the concentration used, also showed a more 
consistent inhibition against all microorganism specimens. 
Based on the explanation and statistical calculations, the 
maceration extract using ethyl acetate solvent with a concen-
tration of 25% is the selected extract to be used for further 
testing.

Minimum Inhibitory Concentration (MIC), Minimum 
Bactericidal Concentration (MBC), and Minimum 
Fungicidal Concentration (MFC)

Table 3 shows that the ethyl acetate extract of Z. cassumunar 
rhizome has good activity against Gram-negative bacteria 
(2.93 and 5.99% MBC), Gram-positive (5.41% MBC) and 
fungi (3.61 and 6.08% MFC). The MIC concentration of 
the ethyl acetate extract of Z. cassumunar rhizome starts 
from 0.75–1.52%. Pithayanukul et al. [13] explained that 
the MBC of Z. cassumunar extract using the micro-dilution 

Fig. 8   Inhibitory diameter of 
extract using various solvents 
and concentrations against 
Rhizopus oryzae 

Fig. 9   Inhibitory diameter of 
extract using various solvents 
and concentrations against 
Penicillium spp.
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method was 0.62–2.5% and the MFC was 0.31–1.25%. This 
is thought to be due to the fact that the extract used in the 
study of Pithayanukul et al. [13] may be purer. Even though 
the MBC and MFC value were around ~ 3–6%, the usage 
of 25% concentration was due to the significance level of 
microorganism specimens’ inhibition.

Stability Analysis of Extract Antimicrobial Activity 
Against pH

The pH range used in this test is 4–8 by considering the 
optimum pH for the growth of non-extremophilic bacteria in 
the range 5–9 and acid-fast bacteria in the range 3–4. pH 3 
and pH 9 are considered rarely used or not suitable for food 
products nowadays (usually related to palatability), so it is 
not included in the test [107–109].

Figure 10 shows that in general, the higher the pH used to 
dilute the extract, the smaller the diameter of inhibition, and 
even inhibition tends not to occur at pH 7 and 8 (occurring 
in Pseudomonas spp., R. oryzae, and Penicillium spp.). The 
lower the pH used (at pH 4 and pH 5) indicates a higher inhi-
bition diameter (5.80–8.78 mm). Various studies have shown 
that the antimicrobial activity of an extract to be used as a 
preservative will be more stable at low pH [78, 110–112]. 
This is related to the degradation caused by the ionization of 
the active extract components to the pH of the environment 
where if pH < pKa then protonation of the extract compounds 

occurs so that the extract compounds becomes more cationic 
and not easily ionized, whereas if pH > pKa then deproto-
nation occurs the extract compounds become more anionic 
so that they are easily ionized which is characterized by a 
decrease in the activity of antimicrobial extracts at higher pH 
[113, 114]. On the other hand, microorganisms themselves 
try to maintain their internal balance, one of which is with 
a pH balance, where if the environmental pH is lower than 
the cell's pH, then positive ions (protons) will more eas-
ily enter the cell through a natural osmosis process, so that 
larger energy is needed to remove the excess ions into the 
environment with higher concentrations which of course can 
have a negative impact on cell metabolism such as denatura-
tion of cell membranes, proteins, enzymes, and damage to 
nucleic acids, and lead to the lack of development of cell 
growth [115–118].

Based on this explanation, the ethyl acetate extract of Z. 
cassumunar rhizome with a concentration of 25% has better 
stability in environmental conditions with a lower pH (pH 4 
and pH 5) so that it has the potential to be applied in various 
suitable food products.

Stability Analysis of Extract Antimicrobial Activity 
Against Salt Solution

The salt concentrations used in this test were 1, 2, 3, and 4% 
(w/v) of a 25% concentration of ethyl acetate extract solution. 
The control is a salt solution without extract with a con-
centration according to the test variable. The choice of salt 
concentration is based on the consideration that as a salty 
taste enhancer (not as a preservative) the salt concentration 
used in various food products is in the range of 0.5–5% for 
food in general, and ~ 7% for young cheese products [119]. A 
solution with a salt concentration of ~ 16.5% can inhibit most 
foodborne pathogenic microbes because this concentration 
can reach a water activity value of ~ 0.90, where in general 
pathogenic microorganisms grow with a water activity level 
of ≤ 0.90 such as L. monocytogenes (0.90), Salmonella spp. 

Table 3   MIC, MBC, and MFC value of Z. cassumunar extract with 
ethyl acetate solvent

Microorganism MIC MBC MFC R2

Enterobacter spp. 1.49% 5.99% − 0.82
Pseudomonas spp. 0.75% 2.93% − 0.83
Listeria monocytogenes 1.35% 5.41% − 0.81
Rhizopus oryzae 0.90% − 3.61% 0.84
Penicillium spp. 1.52% − 6.08% 0.82

Fig. 10   Inhibitory diameter 
of 25% ethyl acetate extract in 
various pH aqueous solution
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(0.93), Clostridium botulinum I (0.94), Bacillus cereus 
(0.95), C. botulinum II (0.97), and Campylobacter spp. 
(0.98) [120].

Figure  11 shows that the extracts which were con-
tacted with various salt concentrations remained stable in 
inhibiting the test microorganisms with almost uniform 
inhibition diameter ranges for different microorganisms 
(3.98–8.98 mm). If the salt concentration used does not 
function as a preservative agent, then the presence of the salt 
will be complementary to the antimicrobial activity derived 
from plant extracts [121–123].

Based on this explanation, the ethyl acetate extract of Z. 
cassumunar rhizome with a concentration of 25% has stabil-
ity in a salt solution of up to 4% and has the potential to be 
applied in various suitable food products.

Stability Analysis of Extract Antimicrobial Activity 
Against Heat Treatment

Heating is one of the most widely used processes in the 
processing of food products. The use of temperatures of 

80○C and 100○C and time variables of 5, 10 and 15 min 
are representative of food product processing processes 
with high temperatures such as pasteurization, steaming, 
blanching and boiling [124–126]. Figure 12 shows that the 
extract was able to show diameter inhibition both at 80○C 
(3.13–5.00 mm) and at 100○C (3.43–5.90 mm). The stabil-
ity of the antimicrobial activity of the extract against the 
tested parameters of temperature and time was indicated by 
the absence of significant differences from statistical data 
testing. The active components of plant extracts, especially 
those that are polar such as phenolic compounds, remain 
stable at a heating temperature of 100○C for 30 min [123]. 
Research conducted by Lampe [127] also strengthens this 
statement that the antioxidant activity (which usually cannot 
withstand high temperatures) of Z. officinale extract is also 
stable after boiling for 30 min, so it is possible that it also 
has the same potential as its antimicrobial activity.

Based on this explanation, the ethyl acetate extract of Z. 
cassumunar rhizome with a concentration of 25% has stabil-
ity in the heating process up to 100○C for 15 min and has 
the potential to be applied in various suitable food products.

Fig. 11   Inhibitory diameter 
of 25% ethyl acetate extract in 
various saline solution concen-
tration

Fig. 12   Inhibitory diameter 
of 25% ethyl acetate extract in 
various time and temperature
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Comparison Between Extract Antimicrobial Activity 
Against Antibiotics

The three types of antibiotics used in this study were anti-
bacterial (penicillin and streptomycin) and antifungal (nys-
tatin) which are commonly used in medical activities with 
variable concentrations of 10, 50 and 100 ppm [128, 129]. 
Figure 13 shows a comparison of the antimicrobial activity 
of Z. cassumunar extract with the antibiotics used. Penicillin 
is an antibiotic that can inhibit bacterial cell wall synthesis 
(not antifungal). Penicillin-G which is used in this study is a 
natural penicillin that has limited activity against Gram-neg-
ative bacteria, so the diameter of inhibition in testing against 
Enterobacter spp. and Pseudomonas spp. did not appear 
[130]. The cell wall structure of Gram-negative bacteria is 
more complex and more hydrophobic due to the presence 
of a lipopolysaccharide layer, which makes the diffusion of 
antibiotics such as penicillin G more difficult [105, 130].

Streptomycin is an aminoglycoside antibiotic that has a 
broad spectrum in inhibiting various types of bacteria (not 
antifungal) both Gram-negative (such as the Enterobacte-
riceae families and P. aeruginosa) and Gram-positive (such 

as the Staphylococcaceae families and L. monocytogenes) 
which can inhibit protein synthesis by interfering the coding 
of RNA in ribosomes so that it form abnormal proteins that 
can disrupt cell metabolism [131–135]. This is shown from 
the results of testing for Gram-negative and Gram-positive 
bacteria in Fig. 13 which shows inhibition.

Fig. 13   Inhibitory diameter of 
25% ethyl acetate extract com-
pared to various antibiotics

Fig. 14   Inhibitory diameter 
of 25% ethyl acetate extract 
between whole bacterial cell 
compared to spheroplast/proto-
plast cell

Table 4   Metallic ion leakage in microoganism cells

Microorganism Metallic Ion Result (mg/l)

Enterobacter spp. Ca2+ 11.18
K+ 607.41

Pseudomonas spp. Ca2+ 11.39
K+ 809.01

Listeria monocytogenes Ca2+ 10.05
K+ 11,110.58

Rhizopus oryzae Ca2+ 6.86
K+ 237.92

Penicillium spp. Ca2+ 4.91
K+ 221.52
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Nystatin is an antifungal that binds to ergosterol in the 
fungal cell wall so that it has a direct impact on cell per-
mability and has the potential to cause lysis [136]. Nystatin 
is an antifungal with a broad spectrum of inhibition, so it 
is widely used for the treatment of otomycosis caused by 

fungi and yeasts such as Aspergillus spp., Rhizopus spp., 
Penicillium spp., and Candida spp. [137]. Figure 13 shows 
the inhibitory ability of nystatin in the fungi specimens used 
but not in the bacterial specimens.

Fig. 15   Vegetative cell of 
microoganisms (‘1’ left side); 
cell morphology after contacted 
with extract (‘2’ right side); 
specimen a. Enterobacter spp., 
b. Pseudomonas spp., c. L. 
monocytogenes, d. R. oryzae, e. 
Penicillium spp.
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The ethyl acetate extract of Z. cassumunar rhizome has a 
broad spectrum of inhibition against Gram-negative, Gram-
positive, or fungi, although from the concentration used, the 
inhibition is not as big as the antibiotics used. Based on 
this explanation, the ethyl acetate extract of Z. cassumunar 
rhizome with a concentration of 25% has the potential to be 
used for various food product applications because it has a 
broad spectrum of inhibition.

Bacterial Protoplast and Spheroplast Analysis

Protoplast (derivatives of Gram-positive bacteria) and 
spheroplast (derivatives of Gram-negative bacteria) is a con-
dition when a bacterial cell does not have a cell wall where 
in the protoplast the cell does not have an outer membrane 
but has a plasma membrane while in the spheroplast, the 
cell still has an outer membrane and a plasma membrane 
[105, 138, 139]. To make protoplast and spheroplast cells, 
lysozyme assistance is needed as a catalyst to degrade pepti-
doglycan so that the cell wall will dissolve, therefore to help 
prevent cells from breaking easily due to osmotic imbalance, 
buffers such as Tris–HCl and MgCl2 are needed to maintain 
isotonic environmental conditions [105, 139–142]. If the cell 
walls of Gram-positive bacteria can be directly degraded 
with lysozyme, for Gram-negative bacteria with more com-
plex cell walls, chelating agents such as EDTA are needed to 
degrade the lipopolysaccharide structure by binding to metal 
cations such as Ca2+ which are abundant in the lipopolysac-
charide layer [143, 144].

Analysis of the antimicrobial activity of Z. cassumunar 
extract aims to determine the direct impact of the extract's 
activity on the cytoplasm of bacterial cells which no longer 
have cell walls. Figure 14 shows that the inhibition is as 
predicted to be larger in diameter in protoplast and sphero-
plast bacterial cells (6.13–8.93 mm). This indicates that the 
active components in the extract react directly to bacterial 
metabolism.

Leakage of Metal Ions in Microorganism Cells

The metal ions tested are the ions that are needed predomi-
nantly in the metabolism of microorganisms such as Ca2+ 
and K+. Ca2+ ion is an ion that is important in the prepara-
tion of the cell wall of microorganisms which is used as a 
buffer to maintain the osmotic balance of cells with their 
environment [145, 146]. In Gram-negative bacteria with 
more complex cell walls, Ca2+ is one of the metal ions that 
is used as a constituent of the lipopolysaccharide layer [144]. 
In fungi, Ca2+ is one of the micronutrients needed directly 
to send transduction signals needed to carry out metabolism 
besides being a component of the cell wall [106]. K+ plays 
an important role in the cell transport system and contributes 
to the cytoplasmic homeostatic balance of microbial cells 

which is related to enzyme activity and ribosome perfor-
mance [147–150]. In fungi (and bacteria) apart from main-
taining osmosis stability, K+ is also a macronutrient needed 
to carry out metabolism [106].

Table 4 shows the leakage of Ca2+ and K+ ions in the 
microorganism specimens that were in contact with Z. cassu-
munar extract. Leakage of K+ ions (607.41–11,110.58 mg/l 
in bacteria and 221.52–237.92 mg/l in fungi) is greater than 
Ca2+ ions (10.05–11.39 mg/l in bacteria and 4.91–6.86 mg/l 
in fungi) indicating that the presence of K+ is more domi-
nant as a macronutrient in microorganism cells. In addition, 
by leaking K+ which plays a role in transportation and cell 
homeostasis, of course, it will inhibit cell metabolism and 
make it easier for cells to lyse. Based on this explanation, 
the mechanism of antimicrobial activity of Z. cassumunar 
extract can be proven by the leakage of Ca2+ and K+ ions.

Microbial Cell Morphology Damage

Figure 15a, b, and c show the images of how the effect of 
extract activity on the cell morphology of Enterobacter spp., 
Pseudomonas spp., and L. monocytogenes bacteria. Part ‘1’ 
shows the control bacterial cells that were not in contact with 
the extract, while part ‘2’ shows the bacterial cells that have 
been in contact with the extract where swelling is seen as 
indicated by the presence of lumps (shown by arrows) which 
indicates that the cell permeability is disturbed resulting in 
leakage and cell lysis.

Figure 15d and e show how the effect of extract activity 
on cell morphology of R. oryzae and Penicillium spp. Part '1' 
shows the control fungal cells that were not in contact with 
the extract, while part '2' shows the fungi cells that have been 
contacted with the extract where shrinkage occurs in the 
fungal mycelium (shown by arrows) indicating plasmolysis 
in the fungal cells. Based on this explanation, the mechanism 
of antimicrobial activity of the ethyl acetate extract of Z. 
cassumunar rhizome at a concentration of 25% focuses on 
destroying the cell wall which disrupts cell permeability.

Conclusion

Maceration extraction using ethyl acetate solvent was the 
most effective extraction method to extract the active com-
ponents from Z. cassumunar rhizome. This was shown 
by its antimicrobial activity which has a broad spectrum 
against pathogens that inhibit Gram-negative bacteria 
(Enterobacter spp. and Pseudomonas spp.), Gram-posi-
tive bacteria (L. monocytogenes), and fungi (R. oryzae and 
Penicillium spp.). Statistical calculations showed that the 
concentration of 25% is the selected extract for further 
testing. Extracts with water and hexane solvents did not 
show inhibition on all types of bacteria and Penicillium 
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spp., but there was inhibition on R. oryzae. Z. cassumunar 
essential oil showed inhibition on all types of fungi.

The MIC value in the microbial specimens used 
was 0.75–1.52%, the MBC value in bacterial cells was 
2.93–5.99%, and the MFC in fungi cells was 3.61–6.08%. 
The antimicrobial activity of Z. cassumunar extract is influ-
enced by the difference in pH where it is more stable at 
lower pH (around pH 4 and pH 5). The antimicrobial activity 
of Z. cassumunar extract is stable in different salt concentra-
tions used and stable at heating temperatures up to 100○C. 
The antimicrobial activity of 25% Z. cassumunar extract has 
a broad spectrum of inhibition but is not as strong as the 
activity of the compared antibiotics (penicillin G, streptomy-
cin, and nystatin) at concentrations of 10, 50, and 100 ppm.

Tests for antimicrobial activity were carried out on pro-
toplast and spheroplast bacterial cells which matched the 
predictions of having a greater inhibitory effect than their 
vegetative cells. This was also clarified by the results of 
observing the morphology of the microorganism cells that 
were in contact with the extract, where swelling and rupture 
of the microorganism cells occurred. This indicates that the 
mechanism of the extract's antimicrobial activity is related to 
the destruction of the cell walls resulting in leakage of metal 
ions (Ca2+ and K+) which interfere with cell permeability.

The results of this study are one of the efforts to continue 
to find potential natural antimicrobials that have suitable sta-
bility for the application of various food products. Further 
research may be carried out to find a more specific formula 
for applicable action in the future. Various antimicrobial 
mechanisms related to cell metabolism can also be studied, 
such as protein and nucleic acid leakage, enzyme degrada-
tion, and inhibition of biosynthesis in microbial cells which 
of course can deepen, complement, and update the results 
of this research.
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