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ABSTRACT 
The use of bacteria in improving the quality of salt on a laboratory scale is still minimal. Bacteria are found in 

seawater as raw materials for various types of salt. One of the bacteria that are tolerant to salinity levels in raw saltwater is 
halophilic bacteria. Exploration of halophilic bacteria isolates contained in seawater as raw material for salt is an effort to 
provide initial information on the use of these bacteria in improving the quality and quality of salt. This study aims to 
determine the morphological characteristics and gram grouping of halophilic bacteria contained in raw water, reservoir 
water, and evaporator water during the traditional salt production process. The methods used in this study were bacterial 
isolation, purification, and gram staining test. Morphological characteristics were carried out by visual observation of 
bacterial colonies formed in Petri dishes, while the gram test of bacteria was carried out by staining pure 
isolates. Morphological characteristics and groupings of gram bacteria were observed under a CX43RF binocular 
microscope with a digital camera type MDCE-5C. The results of this study found 2 isolates circular in raw saltwater, 5 
isolates in irregular, filamentous and circular shapes in reservoir water, and 3 isolates in circular and filamentous shape in 
purification water. The bacterial isolates found varied in the form of groups of gram-negative bacteria and groups of 
positive bacteria, while the predominant form of bacteria was bacilli. The results of this study are expected to be initial 
information that can be used as a reference to improve the quality and quantity of salt production. 
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INTRODUCTION 
Salt is composed of chemical compounds 

consisting of sodium chloride (NaCl) and impurities such 
as CaSO4, MgSO4, MgCl2. The function of salt is to add 
flavor to food. The utilization of salt in the field of fishery 
processing is used as the main ingredient for preservatives 
and improving the texture of meat such as making surimi 
[1]. According to [2], the use of salt is not only for 
consumption but on an industrial scale requires salt for 
pharmaceutical needs. 

Salt production is influenced by several factors 
including the quality and quantity of seawater as raw 
material for making salt [3]. The increase and success of 
salt production are closely related to the formation of salt 
crystals on the crystallization table. The process of 
forming salt crystals is influenced by many factors, 
including the level of saturation of raw saltwater which is 
measured in degrees on the Baume scale (°Be) [4]. The 
level of raw water saturation is also influenced by rainfall, 
cloud cover, evaporation, and surface winds [4].  

Another aspect that affects the quality of salt is 
the level of contamination in raw saltwater. The 
contamination contained in saltwater opzet is influenced 
by the presence of the source of contamination. The 
location of water raw adjacent to community settlements 
can trigger high concentrations of contamination contained 
in saltwater raw water. One of the contaminants 

originating from domestic waste in saltwater is 
Coliform bacteria. According to [5], the bacteria that 
pollute marine waters are dominated by Escherecia coli, 
Coliform, and Fecal coli bacteria. Coliform bacteria 
group is a type of bacteria that acts as a bioindicator of 
organic matter contamination in aquatic areas. The 
presence of these bacteria in an aquatic area is a marker of 
the level and type of contamination that accumulates in 
these waters.  

The marine bacteria group is divided into 2 
groups, namely pathogenic bacteria, and non-pathogenic 
bacteria. Several types of seawater bacteria adjacent to the 
aquaculture location are classified as pathogenic bacteria 
including Staphylococcus aureus, Pseudomonas 
aeruginosa, Pseudomonas pseudomelle, Enterobacter 
agglomerates, Vibrio Cholera [6], and Streptomyces sp. 
[7] while the non-pathogenic bacteria group
includes Nitrobacter sp and Bacillus subtilis [6].

Microorganisms that can grow in an environment 
with high salt content are halophilic bacteria. Halophilic 
bacteria based on the ability to survive are divided into 3, 
namely low halophilic bacteria can grow optimally at 2-5% 
NaCl, medium halophilic types grow optimally at 5-20% 
NaCl, and extreme halophilic types grow optimally at 20-
30% NaCl levels [8]. The presence of halophilic bacteria 
on the crystallization table can accelerate evaporation and 
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increase the quality of salt because these bacteria consume 
organic matter in saltwater [9].  

Observations of the presence of halophilic 
bacteria from raw water, reservoir water, evaporator water 
to crystallization tables are still rarely carried out. Early 
identification of morphological characterization and 
grouping of halophilic bacteria in traditional salt 
production water is an attempt to find initial information 
that can be used as a reference for the application of these 
bacteria in improving the quality and quantity of 
traditional salt. This is the background of this research 
being carried out. The purpose of this study was to 
determine the morphological character of halophilic 
bacterial isolates and gram grouping of halophilic bacteria 
in traditional salt production water.  

METHODS 
Sample Collection 

A sampling of salt production water was carried 
out at the Salt Ponds, Tanjung Village, Pademawu District, 
Pamekasan Regency (Figure-1) with the coordinates of 
each location as shown in Table-1. 

 Water samples were taken starting from raw 
water, reservoir water, and evaporator water. Samples of 
salt production water were taken as much as 10 ml using a 
screw test tube that had been sterilized. A sampling of salt 
production water is done by inserting a screw test tube 
with a closed state into the water, then opening the lid of 
the tube in the water and closing it again with the tube still 
in the water. The water sample that has been obtained is 
put into a cool box that has been filled with ice cubes. The 
samples were then taken to the Biotechnology Laboratory 
of the Marine Science Study Program, Trunojoyo 
University, Madura for bacterial isolation. 

Figure-1. Salt ponds in Tanjung Village, Pademawu 
District, Pamekasan Regency 

Table-1. Coordinate sampling point 
No Coordinate point Sample 

Location 
1 -7.135386,113.321170 Salt Raw Water 
2 -7.134926,113.321252 Water Reservoir 
3 -7.135022,113.321453 Evaporator 

Water 

Halophilic Bacteria Isolation 
Isolation of halophilic bacteria was carried out to 

obtain a single isolate [10]. Isolation of halophilic bacteria 
was carried out using the dilution method [11]. Sample 
dilutions were carried out periodically starting with 10-1, 
10-2, 10-3, 10-4, 10-5, and 10-6 sample waters in the form of
raw water, reservoir water, and sterilized evaporator water
of 9 ml/test tube, as a dilution medium. Samples were
taken as much as 1 ml, then put in a dilution of 10-1 to 10-

6. Samples that have been diluted in serial dilutions 10-4,
10-5, and 10-6 were isolated on solid media as much as 50
m per petri dish with a Duplo system. The isolated
samples were stored in an incubator at a temperature of
28-30°C for 48 hours.

Bacterial Colony Purification 
Purification or what is known as the purification 

method of bacterial colonies using the scratching method 
[11]. The purification technique used in this study was 
quadrant streak (4 strokes in agar plates). Purification of 
bacterial colonies was carried out by taking 1 loop of 
bacterial colonies, then scraping on solid media, then the 
samples were stored in an incubator at a temperature of 
28-30°C for 48 hours. Bacterial colonies that had grown
during purification were then transferred to an inclined
agar medium.

Halophilic Bacteria Characterization 
Identification of Halophilic Bacteria Morphology 

The identification of bacterial morphology 
includes colony and bacterial cell morphology [12]. 
Observation of the morphology of bacterial colonies was 
carried out directly by observing the color, opacity, from, 
elevation, margins, and the surface of the bacterial 
colonies. The morphological characteristics of bacterial 
colonies growing on solid media were determined based 
on the shape of the bacterial colonies, referring to [13]. 
Cell morphology observations were carried out 
microscopically using the Gram stain method.      

Halophilic Bacteria Gram Stain 
Bacterial gram staining is a microscopic bacterial 

characterization method used to determine the morphology 
of bacterial cells and their gram properties [14]. According 
to [15], some gram-positive bacteria consist of Bacillus, 
Lactococcus, Micrococcus, Carnobacterium, 
Enterococcus, Lactobacillus, and Streptococcus, Weisslla, 
while gram-negative bacteria consist of Aeromonas, 
Alteromonas, Photorhodobacterium, Pseudomonas, and 
Vibrio gram-negative bacteria. The first gram test of 
bacteria was carried out by preparing the preparations. The 
preparations were cleaned using alcohol, then heated the 
ose needle until it turned red. Ose needles that have been 
hot dripped with distilled water then scratched on the 
preparations. Heat the ose needle again until it turns red, 
then take 1 loop of pure isolate and scratch it roundly on 
the preparation, then dry it by passing it over a Bunsen fire. 

The dried preparations formed a circle of isolates, 
then 1-2 drops of crystal violet were added for 1 minute 
and then rinsed with distilled water. The isolate was then 
dripped with 1-2 drops of Lugol for 1 minute then rinsed 
with distilled water and splashed with acetone alcohol to 
dissolve the purple color, then 1-2 drops of safranin were 
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added and left for 1 minute then rinsed with distilled 
water. The isolates that had finished gram staining were 
observed under a CX43RF binocular microscope with an 
MDCE-5C type digital camera. 

 Data Analysis 
The data obtained were processed using 

Microsoft Excel statistical software (Microsoft Corp, 
Albuquerque, NM, USA) (IBM). The data obtained were 
analyzed descriptively and narrated based on the data 
equipped with references from similar research results. 

RESULTS AND DISCUSSIONS 
Traditional salt production on Madura Island as 

the largest salt production center in Indonesia is carried 
out on ponds along the coast using the solar 
evaporation method [16]. According to [17], the 
traditional salt production process consists of 6 planning 
periods, namely the preparation period, the old water 
treatment period, the soil and water treatment period, the 
salt table maintenance period, the salt harvest period, and 
the old water storage period. Traditional salt production 
carried out by coastal communities in Tanjung Village, 
Pademawu District, Pamekasan-Madura Regency is 
generally carried out starting from taking raw water in the 
sea which is flowed in a holding pond or known as a 
reservoir. The raw water that has been collected in the 
reservoir is then channeled to the evaporator pond and 
ends at the crystallization table.  

One of the microorganisms that can live in this 
traditional salt-producing water environment is a 
halophilic microorganism such as halophilic bacteria. 
According to [18] stated that halophilic bacteria can live at 
high salt levels, namely NaCl levels of 0.5 to 2.5 M, and 
reduce the risk of contamination in the body by paying 
attention to the NaCl levels. The morphological 

characterization of halophilic bacteria was carried out by 
identification of isolates and gram staining. The 
identification of isolates aims to see the physical 
characteristics of the isolates while the morphological 
characterization is seen from the shape and color of the 
bacteria using the gram staining method [19]. 
Identification of isolates started by knowing the shape of 
the colony, color, and opacity of the colony, margin, 
elevation, and surface of the colony [20]. The results in 
this study in raw water samples obtained 2 isolates (Table-
2), reservoir water obtained 5 isolates (Table-3), and 
evaporator water obtained 3 isolates (Table-4). 

The identified raw water isolate was bone white, 
not transparent, circular with raised elevation and entire 
margin. The difference between the two isolates was that 
the surface of the colonies on PAB1 isolates was dull 
while those of PAB2 isolates had glossy surfaces. The 
reservoir water isolates identified all colonies as bone 
white and non-transparent, circular in PB2 and PB3 
isolates, irregular in PB1 and PB5 isolates, while in PB4 
isolates they were filamentous. The elevation of PB1 and 
PB4 isolates was flat, meaning that the colony was flat 
when viewed from the side of the cup. The elevation of 
isolates PB2 and PB3 was raised or convex. The surface of 
PB4 isolates was rugose or wrinkled. The isolate of the 
evaporator water was bone white and orange was not 
transparent. PP1 and PP3 isolates were circular with entire 
margins, while PP2 isolates were filamentous with filiform 
margins. The surface of PP2 and PP3 isolates was smooth 
while PP1 had a rugose or wrinkled surface. The 
identification results showed that the most common 
isolates were isolates from reservoir ponds (PB1, PB2, 
PB3, PB4, and PB5) as many as 5 isolates. This indicates 
that the bacteria in the reservoir pond can live and adapt 
well and grow quickly on the prepared bacterial growth 
media.

Table-2. Identification results of raw water isolates 
Sample 
Code 

Isolation 
Code 

Bacterial Morphology 

Color & Opacity From Elevation Margin Surface 
AB PAB1 Bone white and not transparent Circular Raised Entire Dull 

PAB2 Bone white and not transparent Circular Raised Entire Shiny 
Description: AB= Raw Water 

Table-3. Identification results of reservoir water isolates 
Sample 
Code 

Isolation 
Code 

Bacterial Morphology 
Color & Opacity From Elevation Margin Surface 

B PB1 Bone white and not transparent Irregular Flat Undulate Fine 
PB2 Dense bone white and not transparent Circular Raised Entire Fine 
PB3 Bone white and not transparent Circular Raised Entire Smooth 

and Shiny 
PB4 Bone white and not transparent Filamentous Flat Lobate Rugose 
PB5 Bone white and not transparent Irregular Umbonate Undulate Fine 

Description: B= Reservoir Water 

Table-4. Results of isolate identification 
Sample 
Code 

Isolation 
Code 

Bacterial Morphology 
Color & Opacity From Elevation Margin Surface 

P PP1 Bone white and not transparent Circular Flat Entire Rugose 
PP2 Bone white and not transparent Filamentous Flat Filiform Fine 
PP3 Orange and not transparent Circular Raised Entire Fine 

Description: P = Evaporator Water 
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According to [21] stated that the colony shape of 
a bacterium is influenced by age, certain growth 
conditions, bacterial cell density and density [10]. 
Variations in the form of bacteria that occur are also 
influenced by the environment [22], nutritional factors, 
and temperature (minimum, optimum, and maximum) [23]. 
The color of the colonies that appear to be different 
indicates the presence of pigment differences. The 
pigments found in bacteria include carotenoid pigments, 
anthocyanins, melanin, tripyrylmethene, and phenazine 
[24]. Each of these pigments will give a different color. 
The red and yellow colors of the isolates were due to the 
presence of carotenoids. Melanin gives brown, black, and 
orange colors. Tripyrylmethenes is a pigment produced 
by Serratia marcescens and phenazine which gives yellow-
orange, dark orange, and red-orange colors [24]. 

The identification of bacterial colonies that have 
been obtained is then purification. Purification was carried 
out by scratching technique, the identified colonies were 
scratched on agar medium. The purpose of purification is 
to separate bacterial colonies into a completely 
pure isolate [25]. The pure isolate was transferred to a 
slanted agar which would then be gram tested. Pure 
isolates can be seen in Figure-2. 

The gram test on bacteria is carried out to 
determine the gram-positive and gram-negative of a 
bacterium. Gram-positive bacteria because these bacteria 
bind the crystal violet color strongly while the gram-
negative bacteria bind the safranin color strongly [26]. The 
results of gram staining of pure halophytic bacteria 
isolated from traditional salt ponds varied, namely groups 
of gram-negative bacteria and groups of gram-positive 
bacteria. Groups of gram-negative halophilic bacteria are 

indicated by a red color indicator seen in bacterial cells, 
while groups of gram-positive bacteria are indicated by a 
purple color indicator seen in bacterial cells. 

The test results showed that the group of isolates 
of gram-positive (+) bacteria were isolates PAB1, PB1, 
PB3, PB6, and PP5 while the group of isolates of gram-
negative bacteria (-) were isolated PAB2, PB2, PB8, PP4, 
and PP9. The pink pigment that appears on bacterial cells 
is a feature of gram-negative bacteria [27]. The gram-
negative bacteria group has a higher percentage of lipid 
and fat than the gram-positive group [28] because this 
group of gram-negative bacteria generally has thinner 
peptidoglycan than the gram-positive group [29]. 

The isolates obtained were dominated by the 
form of bacilli as many as 9 isolates and other forms 
identified, namely coccus form as many as 1 isolate. 
Marine bacteria have 75-85% character, there are flagella 
and rod-shaped. Coccus bacteria have mucus so that the 
cells are connected to form a solid surface. This has an 
impact on bacteria to form a surface layer so that bacteria 
can live in symbiosis [26]. The results of gram staining of 
Gram-negative and Gram-positive bacteria can be seen in 
Figure-3. 

Extreme red halophilic bacteria function as 
absorbers of sunlight so that the temperature in old water 
will increase and cause the evaporation rate to be high [30]. 
Halophilic bacteria are red as the initial formation of salt 
crystal nuclei. The benefit of the presence of halophilic 
bacteria in old water acts as an oxidizer of dissolved 
organic particles. According to [31] the use of extreme red 
halophilic bacteria can produce salt with a NaCl purity of 
94.15% to 9.6%, and also the addition of halophilic 
bacteria can affect the physical changes of the salt. 

Figure-2. Pure halophilic bacteria isolates from traditional salt production water 
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Isolation Code: PAB1 
Grams: + 
Shape: Basil 

Isolation Code: PAB2 
Grams: - 
Shape: Basil 

Isolation Code: PB1 
Grams: + 
Shape: Basil 

Isolation Code: PB2 
Grams: - 
Shape: Basil 

Isolation Code: PB3 
Grams: + 
Shape: Basil 

Isolation Code: PB4 
Grams: + 
Shape: Basil 

Isolation Code: PB5 
Grams: + 
Shape: Coccus 

Isolation Code: PP1 
Grams: - 
Shape: Basil 

Isolation Code: PP2 
Grams: - 
Shape: Basil 

Isolation Code: PP3 
Grams: - 
Shape: Basil 

Information 
• PAB1 = raw water isolate 1
• PAB2 = raw water isolate 2
• PB1 = reservoir isolate 1
• PB2 = reservoir isolate 2
• PB3 = reservoir isolate 3
• PB4 = reservoir isolate 4
• PB5 = reservoir isolate 5
• PP1 = evaporator isolate 1
• PP2 = evaporator isolate 2
• PP3 = evaporator isolate 3

  

Figure-3. Gram-positive and Gram-negative isolate bacteria
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CONCLUSIONS 
The morphological characterization of halophilic 

bacteria was carried out by identification of isolates and 
gram staining. The identification of bacterial colonies that 
have been obtained is then purification and transferred to a 
slanted agar. The results of pure isolates obtained in raw 
water samples were 2 isolates, reservoir water got 5 
isolates and evaporator water 3 isolates. The pure isolates 
in the gram test mostly have gram negatives which are 
marked in red. The composition of the gram bacteria 
group in the salt-produced water sample consisted of 
gram-negative bacteria and gram-positive bacteria with the 
morphology of the halophilic bacteria dominated by bacilli. 
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