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Abstract. Utilization of swamp area as a fish culture location will cause a decrease in water quality. Therefore,
it is necessary to improve the water quality with environmental friendly of biological treatment, one of addition
is microbes as probiotics in media culture. The purpose of this study was to determine the combination of
microbes from swamps that can improve the water quality of media culture and production of swamp fish
culture. The research used Completely Randomized Design (CRD) factorial with two factors consisting of the
first factor with two treatments and the second factor with five treatments and three replications. The first
factor is without the addition of nitrification bacteria (N1) and the addition of nitrification bacteria (PROBAC)
5%10% CFU.mL?! (N2). The second factor is without the addition of swamp microbes (P1), addition of
Chlorophyta (3.43x107 sel.L*) and Bacillus sp. (10° CFU.mL?) (P2), addition of Chlorophyta (3.43x107 sel.L-
1) and Streptomyces sp. (10° CFU.mL?) (P3), addition of Chlorophyta (3.43x107 sel.L'!), Bacillus sp. (10°
CFU.mL1) and Streptomyces sp. (10° CFU.mL*) (P4). The result showed that the addition microbes from
swamps with combination of N1P4 able to improve the water quality value better than treatment without the
addition of microbes (N1P1) and only the addition of nitrification bacteria (N1P2). Combination of N1P4
produces the best survival rate of 63.94%, feed efficiency of 59.65%, absolute weight growth of 2.32 g and
absolute length growth of 2.27 cm.

Key Words: probiotic, swamp microbes, snakehead fish, nitrification bacteria.

Introduction. The swamp aquaculture must be improving and maintaining the water quality
for fish rearing media. The wastewater of fish rearing on swamps will reduce the quality of
water from swamps. So it is necessary to improve water quality with biological treatment
environmentally friendly. One of the treatments is adding probiotics in the rearing media.
Irianto and Austin (2002), states that environmental degradation can be prevented with
probiotics, which aims to degrade the organic materials in the habitat. Hartini et al. (2013)
showed that the addition of probiotics at a dose of 10 pl.lI"t.week™! can improve and maintain
optimal water quality. In other studies, the addition of the effective microorganism 4
probiotics can reduce ammonia levels and suppress the population of pathogenic
microorganisms that exist in culture media (Trisna et al., 2013).

Swamps have high biodiversity, including sediment microbes. Many swamp microbes
are able to improve the physical and chemical properties of swamps. Swamp microbes that
have been found include Chlorophyta, Bacillus sp. and Streptomyces sp. (Wijayanti et al.,
2018). Bacteria from the swamp (Bacillus sp.) can be used as environmental probiotics with
concentrations of 10° CFU.ml! (Khotimah, 2018) and microalgae Chlorophyta with the
optimum concentration 10% of the maximum density are able to grow in the fish culture
media (Utami, 2019). Chlorophyta is a microorganism that can be used as Green Water in
aquaculture media. Wijayanti et.al. (2018) showed that the use of Chlorophyta increased the



level of dissolved oxygen in the culture pond culture media 60.52% and swamp water culture
media 63.63%. The increasing dissolved oxygen is caused by Chlorophyta carrying out
photosynthetic activity which produces dissolved oxygen in the culture media. Bacillus sp. and
Streptomyces sp. obtained are proteolytic bacteria that can increase the content of NH3z, NO2"
, and NOs™ to the media (Yuliani, 2017; Saraswati, 2018). Balcazar et al. (2006) states that
Bacillus sp. is an example of an efficient probiotic bacteria used in aquaculture because it is
able to convert organic matter into CO2 used in cell metabolism. Gram-positive bacteria, such
as Bacillus sp. can increase the animal's immune system and also act favorably in improving
the quality of the water system (Mohapatra et al., 2013). Bernal et al. (2017) states that the
combination of Streptomyces sp. and Bacillus sp. demonstrated a significant
immunomodulatory activity by increasing the total number of hemocytes and the activity of
superoxide dismutase (SOD) which provides a protective effect against Vibrio harveyi bacteria
by increasing the immunological status of Penaeus monodon. Nitrifying bacteria are
chemolithoautotrophic bacteria (ex: Nitrosomonas sp., Nitrobacter sp.), which are able to
meet their carbon needs through CO: fixation (Calvin cycle), and their energy source comes
from the oxidation process of reducing ammonia to nitrate. With the addition of nitrifying
bacteria, denitrification and molasses with a C/N ratio of 10 could decrease in ammonia levels
by 28.5% (Yuniasari, 2009).

Each of the swamp microbes and nitrifying bacteria has their own advantages and
disadvantages, so we need a consortium of swamp microbes and nitrifying bacteria. The
consortium is expected to form cooperative, commensal and mutualistic relationships
between microbes. The emergence of a swamp microbial consortium and nitrification bacteria
resulted in the need for optimization of a combination of Bacillus sp., Streptomyces sp.,
Chlorophyta and commercial nitrification bacteria in an effort to improve water quality in
media of swamp fish production. The purpose of this study was to determine the combination
of swamp microbes and nitrifying bacteria that improve the water quality of media in swamp
fish production. This study is expected to get a combination of swamp microbes that can
improve media water quality and swamp fish culture.

Material and Method

The experimental design used was a completely randomized factorial design (RAL) consisting
of 2 factors. The first factor with 2 treatments and the second factor with 4 treatments and 3
replications. The first factor is the addition of nitrifying bacteria (PROBAC), namely:

N1: Without the addition of nitrifying bacteria (PROBAC)

N2: Addition of nitrifying bacteria (PROBAC) 5x10® CFU.mL*

The second factor is the addition of swamp microbes, namely:

P1: Without the addition of swamp microbes

P2: Provision of 100 ml Chlorophyta (3.43 x 107 Cell.L'') and Bacillus sp. (10> CFU.mL?)

P3: Provision of 100 ml Chlorophyta (3.43 x 107 Cell.L') and Streptomyces sp. (10> CFU.mL™1)

P4: Provision of 100 ml Chlorophyta (3.43 x 107 Cell.L'Y), Bacillus sp. (10° CFU.mL™!) and Streptomyces
sp. (10°CFU.mL1)

Bacteria Cultivation and Propagation

Pure bacterial colonies were obtained from the results of previous studies. The colony was
cultivated using NA (Nutrient Agar) media for Bacillus sp and YM (Yeast Malt Agar) for
Streptomyces sp. Bacterial colonies were scratched in a petri dish containing NA (Nutrient
Agar) for Bacillus sp and YM (Yeast Malt Agar) media for Streptomyces sp. using the quadrant
streak method. Petri dishes were wrapped in wrapping paper and incubated for 2 days at
room temperature (28°C-30°C). A single colony formed on a petri dish was transferred to the
agar media and incubated until bacteria grow.

Swamp bacteria that grow on NA and YM agar media were multiplied by NB (Nutrient Broth)
media for Bacillus sp. and liquid YM for Streptomyces sp. The suspension was taken as much



as 1 ose to be cultured in the medium as much as 5 mL in a test tube, homogenized with a
shaker for approximately 2 days for Bacillus sp. and 5 days for Streptomyces sp., then
multiplied from 5 mL to 500 mL.

Chlorophyta culture

Chlorophyta sp. culture media. used was a technical fertilizer media consisting of ZA, Urea,
TSP, and Gandasil B. All technical fertilizer ingredients were mixed in a 250 mL erlenmeyer
and added to 100 mL of distilled water and then homogenized on a hot plate using a magnetic
stirer and sufficient heating until all ingredients dissolved. The technical fertilizer media in the
erlenmeyer was sterilized using an autoclave 121°C for 0.25 hour. Chlorophyta isolates (about
107cell.mltin 10 ml stock culture) put into an erlenmeyer containing technical fertilizer media
for liquid culture. They cultured during 9 days in room temperature for scaling up to 1 Liter.

Preparation of Fish Rearing media

The container used in rearing was in the form of an aquarium with a size of 30 x 30 x 30 cm3
as many as 24 units. The aquariums were cleaned using potassium permanganate to sterilize
diseases or parasites. The aquarium was filled with 20 liters of swamp water.

Fish Culture Test

The test organism used in this study was snakehead fish of 5 £ 1 cm each with 12 heads in
20 liters of water (Mulyadi, 2016). Before stocking, acclimatize as an adaptation to the new
environment to reduce stress on the test organism. After 7 days of stocking, Chlorophyta
isolate (3.43 x 107 Cell.L!), Bacillus sp. (10> CFU.mL™1), Streptomyces sp. (10> CFU.mL™!) as
well as the "PROBAC" Nitrification bacteria (5 x 10® CFU.mL-1) were added in combination
with the treatment.

Rearing

The fish culture maintained for 40 days which was calculated after the addition of the
treatment. During rearing, they were fed at satiation with a frequency of three times a day.
Pellets used are commercial pellets with 40% protein content.

Chlorophyta abundance

Samplings were carried out at the beginning and end of the study by subcomposite methods
in each treatment. It used a 25 pm mesh size mesh plankton net for 5 Liters of rearing media
each unit experiment to 25 ml sample. Observation of Chlorophyta samples were used a
microscope and textbook The Marine and Fresh Water Plankton (Davis, 1955). Chlorophyta
abundance calculation was done using the Leackey Drop Microtransect method (American
Public Health Association, 1989) as follows:

N=ZxZx2
Yy v
Information:
N = Total number (cell.Lt)
Z = Number of individuals found
X = volume of filtered water (25 mL)
Y = Volume 1 drop of sample water (0.05 mL)
V = volume of filtered water (5 liters)

Bacteria Population
Counting of bacterial populations performed at the beginning and end of rearing with plate
count method was to perform multilevel dilution were then incubated at a temperature of 28-
30°C for 24 hours. The growing population was determined in a colony forming unit (CFU)
and calculated using the following formula:

1 1

X
dilution factor mL sample

Total of Bacteria = Total of colonies X

Biofloc Volume
Biofloc volume measurements were done on the 10 and 40 days after rearing. Floc volume
was obtained by taking a rearing media using glass cone 1L volume, then floc in the water



media was left to settle in the tube for 15-20 minutes.
Survival Rate
The percentage of fish survival was calculated using the following formula:

Survival rate =

& x100%
No

No = Number of fish at the beginning of rearing (individuals)
N = Number of fish at the end of rearing (individuals)

Absolute Weight Growth
Growth of fish weight during rearing wass calculated using the following formula:
W = Wt - Wo

W = Growth of weight of fish for rearing (grams)
Wt = Weight of fish at the end of rearing (grams)
Wo = Weight of fish at the beginning of rearing (grams)

Absolute Length Growth

The absolute length growth of fish during rearing was determined by doing the following
calculation:

L = Lt-Lo

L = Growth of absolute length of fish for rearing (cm)

Lt = Length of fish at the end of rearing (cm)

Lo = Length of fish at the beginning of rearing (cm)

Feed Efficiency
According to NRC (1977) feed efficiency can be calculated by the formula:
((Wt+ D) - Wo)

EP = F x 100%

Note: EP = Feed Efficiency (%)

Wt = Weight of fish at the end of rearing (gram)
Wo = initial fish rearing weight (gram)

D = Weight of fish that died during rearing (gram)
F = Amount of feed given (grams)

Water Quality

Measurement of water quality data for snakehead fish rearing media includes pH (pH meter),
dissolved oxygen (DO meter), ammonia (spectrophotometry), and biological oxygen demand
(DO meter) at the beginning and end of rearing for 40 days.

Data analysis

Research data including biofloc volume, survival, growth, feed efficiency, water quality were
statistically analyzed using analysis of variance. If the results of the analysis of the variance
show that the treatment has a significant effect, then it is continued with the LSD test (the
Least Significance Difference) 5%. Chlorophyta abundance data and the total bacterial
population were analyzed descriptively.

Result and Discussion

Chlorophyta abundance, total bacterial population and floc volume
Chlorophyta abundance data on rearing media are presented in Table 1. Chlorophyta density



at each treatment decreased after 40 days of rearing. The addition of Chlorophyta in the
rearing media experiences death or predation. In rearing media, a food chain system occurs
between Chlorophyta and zooplankton (Figure 1), resulting in a decrease in population of
Chlorophyta due to predation.

™

Figure 1. Biofloc and Chlorophyta profile in the rearing media of snakehead culture in this
study (40 magnificaton scale of microscope)

The pattern of relationships between zooplankton and phytoplankton is a series of eating and
prey relationships. That relationship forms the path of the food chain. Phytoplankton as
primary producers are eaten by zooplanktons; in turn zooplanktons are eaten by small fish at
higher tropic levels (Bouman et al., 2003).

Table 1. Chlorophyta abundance in snakehead rearing media at 0, 10, 40t day

Commercial Chlorophyta Abundance (Cell.L1)
glatgglc‘;tlon Swamp microbes 0 day 10t day 40t day
N1 P1 3,2 x 103 3,2 x 103 2,1 x 103
P2 3,6 x 103 3,43 x 107 4,1 x 103
P3 4,1 x 103 3,43 x 107 4,1 x 103
P4 3,7 x 103 3,43 x 107 4,46 x 103
N2 P1 4,0 x 103 4,0 x 103 2,1x 103
P2 3,6 x 103 3,43 x 107 2,41 x 103
P3 3,9 x 103 3,43 x 107 2,34 x 103
P4 3,4 x 103 3,43 x 107 4,03 x 103

IN

The total bacterial population on rearing media is presented in Table 2, the results of the LSD
test of the floc volume at ten and forty days after rearing are showed in Table 3 and Table 4,
respectively.

Table 2. Total bacterial population in rearing media

Commercial Swam Total bacterial population (CFU.mL™?)

Nitrification >\ o P

Bacteria microbes 0 day 1st day 20th day 40th day

N1 P1 6,60 x 104 6,78 x 104 1,55 x 10° 6,20 x 103
P2 6,20 x 104 3,95 x 10® 6,93 x 106 2,77 x 10°
P3 7,00 x 104 3,28 x 10¢® 7,53 x 106 3,01 x 10°
P4 4,70 x 104 5,59 x 107 1,00 x 108 2,99 x 10°

N2 P1 7,10 x 104 2,01 x 107 3,54 x 107 1,42 x 10°¢
P2 4,50 x 104 3,29 x 10?7 5,59 x 107 1,68 x 10°
P3 4,30 x 10* 4,99 x 107 6,41 x 107 1,93 x 10°
P4 4,95 x 104 4,70 x 107 8,75 x 10”7 4,06 x 10°

Based on Table 2, the total bacterial population increased on 20th day and decreased until
40th days. The increase in population on 20th day can be caused by adequate nutrition in the
rearing media, so that bacteria and Actinomycetes can use these nutrients for metabolic
activity and growth. Whereas, the decline of bacteria population on 40th day could be caused
by reducing nutrient (macronutrient and micronutrient) in the water. The bacteria couldn’t



enough to take their nutrition because of nutrition depletion.

The results of LSD at 10 and 40 days after rearing showed that in the factor of addition of
commercial nitrification bacteria, the volume of floc on media without commercial nitrification
bacteria was significantly higher compared to the treatment given nitrification bacteria. The
addition of nitrifying bacteria can increase the volume of floc, because one of the constituent
components of floc is a bacterium. In the factor of microbial addition from swamps, the volume
of floc on the media which was given a combination of Chlorophyta, Bacillus sp. and
Streptomyces sp. significantly showed higher compared to other treatments.

Table 3. The results of LSD test floc volume of rearing media at 10 days after rearing

The Single Influence of Swamps The_M_ain Effects 9f
The Single Effect of Nitrifying  microbes (P Nitrifying Bacteria

Bacteria (N) (N)
P1 P2 P3 P4 (LSDo,05=4,386)
N1 11,111 16,666 13,332 26,668 16,944°
N2 10,000 10,000 13,332 16,667 12,5007
The Main Effects of Swamp 10,556 13,333 13,332 21,667
Microbes (P) (LSDo,05=3,102) @ a a b

Table 4. The results of LSD test floc volume of rearing media at 40 days after rearing

The Main Effects of
Nitrifying Bacteria

) The Single Influence of Swamps Microbes (P)
The Single Effect of (LSDo,05=6,631)

Nitrifying Bacteria (N) (N)

P1 P2 P3 P4 (LSDo,05=3,315)
N1 11,1122 26,667® 16,6672  38,889¢ 25,834°P
N2 13,333 13,3332 23,333 33,333¢ 20,8332

The Main Effects of
Swamp Microbes (P) 12,2232 20,000 20,000° 41,111¢
(LSDo,05=4,689)

It is suspected that the types of microorganisms are easier for forming flocs. On the influence
of interactions between factors at 40 days after rearing showed that treatment combination
of Chlorophyta, Bacillus sp., Streptomyces sp. and without nitrifying bacteria are the highest
of floc volume 38.89 mL.L?, but not significantly different from the treatment combination of
Chlorophyta, Bacillus sp., Streptomyces sp. and nitrifying bacteria. The volume of floc in this
study is lower than the study from Mulyadi et al. (2016), where in treatment with stocking
density of 450 snakehead fish m-3 which was kept for 41 days resulted in a floc volume of
40.7mL.L1. This is presumed that the rearing media lacks carbon source which bacteria use
for floc formation. According to Panigrahi et al. (2019), vaname shrimp cultivation without a
biofloc system can produce a volume of floc of 4.53 mL. L! that is lower than the cultivation
of vaname shrimp with a biofloc system by adding molasses. Floc thickness will continue to
increase along with the provision of bacteria and carbon sources that are continuously
balanced with feed metabolic waste and it produce ammonia. The bacteria could bind to
ammonia and will a biofloc (Sitohang et al., 2018).

The results of the analysis of variance showed that the interaction between factors and



the factors of addition of swamp origin microbes to the survival of snakehead fish significantly
affected between treatments, but the factor of adding commercial nitrification bacteria had
no significant effect. Based on further testing of LSD on microbial factors from swamps, the
rearing media given a combination of Chlorophyta, Bacillus sp. and Streptomyces sp. were
significantly higher than other treatments and interactions between factors showed that the
rearing media given a combination of Chlorophyta, Bacillus sp., Streptomyces sp. and without
commercial nitrification bacteria significantly different compared to other treatments with a
percentage of 63.94%.

Based on the results of survival percentage, it showed that the combination of swamp microbe
is able to suppress unfavorable microbes and decreasing water quality in the rearing media,
so that snakehead fish can survive well. This is shown in the treatment of rearing media
given a combination of Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial
nitrification bacteria that provide snakehead fish survival rate of 63.94%. The combination
of Bacillus sp. and Streptomyces sp. was able to provide more protection against unfavorable
microbes in the media, where the presence of Bacillus sp. gives effect to Streptomyces sp. to
produce antimicrobial compounds. Luti and Mavituna (2011) explained that Bacillus was
cultured together with Streptomyces can increased the production of antimicrobial compounds
when it was compared with the single genus culture.

Table 5. LSD test of Survival Rate of Snakehead fish

The Main
) The Single Influence of Swamps Effects of
The Single Effect of yicrobes (P) (LSDo,0s=6,02) Nitrifying
Nitrifying Bacteria (N) Bacteria (N)
P1 p2 P3 P4
N1 26,062 36,91 28,032 63,949 38,74
N2 31,75%° 28,032 35,16° 48,20¢ 35,79

The Main Effects of
Swamp Microbes (P) 28,912 32,472 31,592 56,07
(LSDo,05=4,25)

The N1P1 treatment (without the addition of microbes from swamps and commercial
nitrification bacteria) was the treatment with the lowest survival value of 26.06% compared
to other treatments. These results prove that the addition of swamp origin microbes to rearing
media can increase the survival rate of snakehead fish. This is in line with the results of Hartini
et al. (2013) that the addition of EM-4 probiotics to rearing media had a significant influence
on the survival of snakehead fish. The average survival of snakehead fish with EM-4 probiotics
(28.88-96.66%) tended to be higher compared to control treatments (without EM-4
probiotics) which was 8.89%. Budianto and Heny (2017) that the bacteria Bacillus sp. has
bacteriocin compounds with specific characters so that it can inhibit the growth of S. iniae and
P. fluorescens. Streptomyces bacteria has the potential to control pathogenic bacteria by
means of competition, parasitism or producing secondary metabolite compounds (Lutfi,
2018). The combination of the two microbes can provide a high percentage of survival
compared to without a combination. According to Irianto and Austin (2002), probiotic bacteria
can increase survival or reduce mortality through the development of the immune system,
such as increasing phagocyte and lysozyme activity thereby suppressing pathogenic bacterial
colonies. Sanchez et al. (2014) states that probiotics can increase immune stimulation in fish
as protection against pathogenic bacteria that causes death in fish culture.

Feed Efficiency, Absolute Weight and Length Growth



The results of the analysis of the variety of snakehead fish feed efficiency showed that
the interaction between factors, microbial addition factors from swamps and the addition of
commercial nitrification bacteria to the value of fish feed efficiency significantly affected
between treatments. LSD test results of the efficiency of fish feed for 40 days of rearing are
presented in Table 6.

Table 6. LSD test result of the efficiency of snakehead fish feed for 40 days of rearing
The Main Effects
of Nitrifying

The Single Effect of Nitrifying The Single Influence of Swamps Microbe

Bacteria (N) (P) (LSDo,05=3,32) Bacteria (N)
P1 P2 P3 P4 (LSDo,05=1,66)

N1 18,932 47,34¢  37,97¢ 59,65¢  40,97°

N2 22,008 29,52  34,89c 44,114  32,63°

The Main Effects of Swamp

a b b c
Microbes (P) (LSDgos= 2.35) 20,47 38,43 36,43 51,88

Based on the results of the LSD test on the main effect of the addition of commercial
nitrification bacteria, the value of the snakehead fish feed efficiency in the treatment media
of rearing without commercial nitrification bacteria was significantly higher than the treatment
given nitrification bacteria. On the influence of the addition of microbes from swamps, the
value of snakehead fish feed efficiency in the treatment of rearing media that were given a
combination of Chlorophyta, Bacillus sp. and Streptomyces sp. significantly different
compared to other treatments and interactions between factors. The value of snakehead fish
feed efficiency in the treatment of rearing media that were given a combination of
Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria were
significantly higher than the results of other treatments. It is thought that the origin of swamp
microbes added to the media enter the digestive tract of snakehead fish during the process
of respiration and when eating. Chlorophyta that enters the digestive tract could be a natural
food source, while Bacillus sp. and Streptomyces sp. which entered the digestive tract could
be working together to improve their digestibility. High digestibility in the feed will increase
the absorption of nutrient. The nutrients were need for the fish and the absorption of nutrients
runs optimally. The fish will grow well and increase the value of feed efficiency. Bacillus sp. is
a bacterium that can increase digestibility because it can secrete protease, lipase and amylase
enzymes (Fardiaz, 1992).

These bacteria can also produce antimicrobial compounds (bacteriocin and antibiotics)
that can suppress pathogenic bacterial colonies (Findy, 2009). Streptomyces sp. is a genus
of Actinomycetes that can produce various antibiotic compounds. Streptomyces has the
potential to control pathogenic bacteria by conducting competition, parasitism or producing
secondary metabolites (Lutfi, 2018). In increasing the value of feed efficiency, the bacterium
Bacillus sp. secreting enzymes that can increase digestion while Streptomyces sp. secretes
antibiotics to be able to suppress pathogens so that the two bacteria work together to improve
the digestibility and immunity of snakehead fish which ultimately results in high feed
efficiency. Bacterial activity in the digestive tract will experience changes rapidly when there
are microbes that enter through feed or water that cause changes in the microbial balance of
intestinal origin with incoming microbes. The entry of these microbes is antagonistic to
pathogenic microbes in digestion so that the digestive tract of fish will be better at digesting
and absorbing feed nutrients and the use of feed will be more efficient (Mulyadi et al. 2011).

Swamp microbial addition factor, commercial nitrification bacteria addition factor, and
their interaction between factors on the feed efficiency showed significantly different between
treatments. Based on the results of the LSDo.os test (Table 7) on the main effect of the addition
of commercial nitrification bacteria, the growth of absolute weight of fish in the treatment of
rearing media without commercial nitrification bacteria was significantly higher than the



treatment given commercial nitrification bacteria. On the main influence of the addition of
microbes from swamps, the growth of the absolute weight of snakehead fish in the treatment
of rearing media that were given a combination of Chlorophyta, Bacillus sp. and Streptomyces
sp. significantly different than the other treatments. In the interaction between factors, the
growth of the absolute weight of snakehead fish in the treatment of rearing media that were
given a combination of Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial
nitrification bacteria significantly higher than other treatment results, but not significantly
different from the treatment results given a combination of Chlorophyta, Bacillus sp. and
without commercial nitrifying bacteria.

Table 7. LSD 0.05 test results of growth in absolute weight of Snakehead fish
The Main Effects of
Nitrifying Bacteria

. The Single Influence of Swamps Microbe
The Single Effect of (P) (LSDg,05=0,08)

Nitrifying Bacteria (N) (N)
P1 p2 P3 P4 (LSDo,0s=0,04)
N1 1,30° 2,26f 1,70¢ 2,32f 1,90°
N2 1,73¢ 1,41b 1,88¢ 2,08¢ 1,782
The Main Effects of
Swamp Microbes (P) 1,512 1,84° 1,790 2,20¢

(LSDo,05=0,05)

Based on the results of analysis of variance, microbial addition factor from swamps
and interactions between factors significantly influence the growth of absolute length, but the
factor of adding commercial nitrification bacteria has no significant effect between treatments.
The LSD results of growth in absolute length of snakehead fish are presented in Table 8.

Table 8. LSD test results for growth in the absolute length of snakehead fish
The Main Effects of

The Single Influence of Swamps Microbe

The Single Effect of (p) (LSDyc=0.10 Nitrifying Bacteria
Nitrifying Bacteria (N) (P 0.05=0,10) (N)
P1 P2 P3 P4
N1 0,692 1,79¢ 0,91b 2,27f 2,12
N2 1,13¢ 1,08¢ 1,60¢ 1,74¢ 2,09
The Main Effects of
Swamp Microbes (P) 0,912 1,44c¢ 1,26b 2,004

(LSDg,05=0,07)

The main influence of the addition of microbes, the growth of the absolute length of
snakehead fish in the treatment of rearing media which were given a combination of
Chlorophyta, Bacillus sp. and Streptomyces sp. were significantly different than the other
treatments. On the influence of interactions between factors, the absolute length growth of
snakehead fish in the treatment of rearing media that were given a combination of
Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria were
significantly higher than the results of other treatments.

The addition of a combination of swamp microbes and commercial nitrification bacteria
gave significant results on the growth of absolute weight and absolute length growth. The
highest absolute weight and length growth in the treatment of rearing media were given a
combination of Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial
nitrification bacteria and lowest in the treatment without the addition of microbes. This is
thought to be the treatment without the addition of microbes less effective in the performance
of absorption of nutrients in the feed which causes less optimal growth compared to other
treatments. In the treatment of N1P4, swamp microbes added to the media could be entered
into the digestive tract of snakehead fish during the respiration process and when eating.



These microbes break down complex compounds into simple and increase digestibility of feed
and accelerate the process of absorption of food by the fish's body. The basic principle of the
work of probiotics in aquaculture is the ability of microorganisms to break down long chains
of protein, carbohydrates and fats in feed (Feliatra and Suryadi, 2004). The addition of 104
CFU.mL™* probiotics to rearing media gave the growth and weight of tiger shrimp larvae that
were higher than controls (Widarnani et al., 2010).

Dissolved Oxygen and Ammonia in the Rearing Media

The results of the analysis of variance on day 0 showed that the factor of commercial
nitrification bacteria, swamp microbes and the interaction between the factors did not
significantly influence the dissolved oxygen content (Table 9). At 5 and 10 days after rearing,
the factor of commercial nitrification bacteria and swamp microbes significantly affected the
dissolved oxygen content, but the interaction between the factors had no significant effect.
The results of dissolved oxygen in the rearing media at 5 and 10 days after rearing on the
main effect of the addition of commercial nitrification bacteria showed that they were not
given commercial nitrification bacteria were significantly higher than those treated with
commercial nitrification bacteria.

The main influence of the addition of microbes from swamp showed that dissolved oxygen in
the rearing media were given a combination of Chlorophyta, Bacillus sp., and Streptomyces
sp. (P4) significantly different than other treatments.

Table 9. LSD test result of dissolved oxygen in the rearing media

Dissolved Oxygen (mg.L 1)

Days after rearing

0 5 10 15 20 25 30 35 40
LSD 0,18 0,14 0,14 0,18 0,18 0,18
nipy 360 353 353  3,40° 3,10¢ 3,00¢ 2,97¢ 2,77¢ 2,67¢
0,1 +0,1  +0,1  #0,1 +0,1 +0,1 +0,1 +0,1 +0,1
Nipp 363 353 353 323® 2930 283 2,77  2,57%  2,47%
+0,1 0,1  +0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
Nip3 367 357 347 3,33 3,03<  203c  287¢ 2,67 2,57
0,1  £0,2  £0,2 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
Nipa 357 370 3,60 3,607 3,50¢ 3,40¢ 3,40¢ 3,20e 3,10¢
0,1  £0,1  £0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
\opy 363 343 343 313 2,832 2,732 2,672 2,472 2,372
0,1  £0,1  £0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
\op2 357 347 347 333 3,03 2,03  2,870¢  2,67bc 2 57bc
0,1  £0,1  £0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
\op3 353 343 333 327%  3,10¢ 3,00¢ 2,00t 2,70bc  2,60¢
0,1 0,1  +0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
\ops 367 363 353  3,40° 3,30¢ 3,20¢ 3,20¢ 3,00¢ 2,90¢
£0,1 +0,1  +0,1 0,1 +0,1 +0,1 +0,1 +0,1 +0,1
LSD 0,08 0,08 0,09 0,07 0,07 0,09 0,09 0,09
N1 3,62 3,58 3,53° 5,00° 3,14° 3,04P 3,000 2,80° 2,70°
N2 3,60 3,492 3,442 4,930 3,072 2,972 2,912 2,712 2,612
LSD 0,11 0,11 0,13 0,10 0,10 0,13 0,13 0,13
P1 3,62 3,48 3,48% 3,272 2,972 2,872 2,822 2,622 2,522
P2 3,60 3,502 3,50% 3,282 2,982 2,882 2,822 2,622 2,522
P3 3,60 3,502 3,400  3,30° 3,072 2,972 2,882 2,682 2,582
P4 3,62  3,67° 3,57°  3,50P 3,40P 3,30P 3,30P 3,10P 3,00P

On 10 days after rearing, the P4 treatment had significantly higher dissolved oxygen content
than the P3 treatment, but it was not significantly different from the P1 and P2 treatments.
The factor of commercial nitrification bacteria, microbial origin and the interaction between



factors significantly influence the dissolved oxygen content. The dissolved oxygen test on the
15th, 20th, 25th, 30th, 35th and 40th day are presented in Table 9.

Ammonia analysis results on day 0 showed that the factor of commercial nitrification bacteria,
microbial origin of the swamp and the interaction between factors did not significantly
influence. The variance analysis results on days 5, 10, 15, 20, 25, 30, 35 and 40 showed that
the factor of commercial nitrification bacteria, microbial origin of swamp and the interaction
between factors significantly affected ammonia content. They are presented in Table 10.

Table 10. LSD test results for ammonia every 5 days on rearing media
Mean of Ammonia Concentratin (mg.L?)

Days after rearing

0 5 10 15 20 25 30 35 40
LSD 0,013 0,013 0,014 0,013 0,020 0,021 0,019 0,022
N1P1 0,290 0,383 0,393¢ 0410¢ 0,327¢ 0,540¢ 0,674¢ 0,691f 0,948

+0,07 +0,01 +0,01 +0,01 +0,01 +0,01 0,01 +0,01 +0,02
N1P2 0,323 02734 0,283 0,223 0,203 0,293 0,314 0,321¢  0,324°

+0,03 +0,01 +0,01 +0,01 +0,01 +0,01 +0,01 +0,01 +0,01

N1P3 0283 0257 02670 0207 0,197¢ 0,363 0482 0585 0,692
+0,01 001 +0,01 0,01  =+0,01 +0,02 +0,02  +0,01  +0,02
N1P4 0267 02200 0230° 0,170° 0,147 0,243 0260° 0,265  0,270°
+0,01 001 +0,01 0,01  =+0,01 +0,02 +0,02  +0,02  +0,02
N2P1 0230 0253 0263 0,203 0,193 0,282 0363 0,385 0,392
+0,01 001  +0,01 0,01  =+0,01 +0,02 +0,02  +0,01  +0,02
N2P2 0290 0233 0243 0,183 0,160 0,2502 02688 0273 0277

+0,04 +001 +0,01 0,01  +0,01 +0,01 +0,01  +0,01  +0,01
N2P3 0250 02774 0287 0,227 0,187 0,277° 0296> 0,300 0,306

+0,02 0,01  +0,01 0,01  +0,01 +0,01 +0,01  +0,01  +0,01
N2P4 0303 0237 0247 0,187 0,163 0,250° 0268 0273 0277

+0,03 001  #001 001  +0,01 +0,01 0,01  +0,01  #0,01
LSD 0,006 0,006 0,007 0,006 0,010 0,011 0010 0,011
N1 0291 0283 0293° 0,253 0,218 0,360° 04320  0466° 0,558
N2 0268 02507 0260° 02007 0,176 0,265 0299° 0308 0,313
LSD 0009 0009 0,010 0,009 0,014 0,015 0013 0,016
P1 0260 03187 03287 0,307 0,260 0,4119 0518 0538 0,670
P2 0307 0253 0263 0,203 0,182 0,272 0,291® 0,297 0,300
P3 0267 0267 0277¢ 0217 0,192 0,320 0,389 0443 0,499
P4 0285 0228 0238 0,178 0,155 0,247 02642 0269 0,274

The results of LSD test on 5, 10, 15, 20, 25, 30, 35 and 40th days on the main effect of the
addition of commercial nitrification bacteria showed that the ammonia content in the rearing
media which given commercial nitrification bacteria was significantly lower than treatments
not given commercial nitrification bacteria. The main effect of the addition of microbes from
the swamp shows that the ammonia content in the rearing media that was given a
combination of Chlorophyta, Bacillus sp. and Streptomyces sp. was significantly different
compared to other treatments. The results of LSD on 5, 10, 15 and 20t day, in the interaction
between factors, N1P4 treatment had significantly lower ammonia levels compared to other
treatments, but not significantly different from N2P2 treatment. The results of LSD on 25, 30,
35 and 40% day in the interaction between factors, N1P4 treatment had significantly lower
ammonia levels compared to other treatments, but not significantly different from N2P2 and
N2P4 treatments.

On the factor of adding nitrifying bacteria, the lowest ammonia content in the
treatment was given nitrifying bacteria. It is suspected that the added nitrification bacteria
are able to carry out the process of nitrification on the rearing media. According to Rurangwa
et al. (2014), nitrification takes place through 2 reaction stages, where in the first stage the
oxidation of ammonium to nitrite is carried out by ammonium oxidizing microbes



(Nitrosomonas sp.) and in the second stage nitrite oxidation by nitrite oxidizing microbes
(Nitrobacter sp.). In the addition of swamp origin microbial factors, the lowest ammonia
content in the treatment was given a combination of swamp origin microbes in the form of
Chlorophyta, Bacillus sp. and Streptomyces sp. It is suspected that the three microbes from
which the swamp was added could break down ammonia. Ammonia is the main source of
nitrogen in addition to nitrate which could be used by microalgae for their metabolic processes
(Nurhayati et al., 2014). Bacillus sp. could oxidize ammonia to nitrite through heterotrophic
and chemotrophic processes (Edwards, 2011).

In the interaction between factors, N1P4 treatment had the lowest ammonia levels on
the 5th day until the end of rearing, it was suspected that microbes from the swamp provided
were able to break down organic material derived from feces or feed into compounds that
were not harmful to fish. The N1P4 results were not significantly different from the N2P2 and
N2P4 results. The commercial nitrification bacteria in the same ecosystem as Bacillus sp. and
Streptomyces sp., nitrification process activity and growth of nitrifying bacteria are inhibited.
Nitrifying bacteria (autotrophic bacteria) produce very small biomass and slow growth.
Nitrifying bacteria takes 12 hours to regenerate, while heterotrophic bacteria Bacillus sp. and
Streptomyces sp. only need 30 minutes (Ebiling et al., 2006). If there is a limited nitrogen to
carbon (high C: N ratio), the nitrification process is inhibited and heterotrophic bacteria
develop rapidly. Heterotrophic bacteria will assimilate ammonia directly into bacterial
proteins, when heterotrophic bacteria develop rapidly. It will cause competition in the struggle
for oxygen, space and nutrients with autotrophic bacteria (Blancheton et al., 2013).

Ammonia levels in all treatments gave microbes on 10th day to 20th day of rearing,
decreased and increased until the 40th day. On the 10th to 20th day, it was suspected that
the ammonia accumulation from metabolic waste had not yet occurred so that the microbes
given to the rearing media were able to work optimally. On the 25%™ to 40% day, it was
suspected that the ammonia accumulation from metabolic waste had been accumulated in
the rearing media, so that the microbes given couldn’t optimally reduce their ammonia levels.
Meanwhile, the treatment without the addition of microbes (N1P1) experienced an increase
in ammonia along with the increase in the rearing time. Increasing ammonia levels in the
N1P1 treatment was caused of the rearing without siphoning during 40 days, It resulted in a
buildup of organic material derived from metabolic waste and levels of ammonia in the rearing
media. The decomposing bacteria from natural swamp water on the media have not been able
to make an optimal decomposition.

Conclusion

Addition of swamp microbes in the form of Chlorophyta, Bacillus sp. and Streptomyces sp.
without the addition of commercial nitrification bacteria on the snakehead rearing media, it
provides better water quality values. The best results are obtained in the treatment with the
addition of swamp microbes Chlorophyta, Bacillus sp. and Streptomyces sp. without the
addition of commercial nitrification bacteria in the rearing media that gave in the survival
rate, feed efficiency, and growth of snake head fish in swamp aquaculture.
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Introduction. The swamp aquaculture must se—improvess and maintaindes the water
quality for fish rearing media, through environmentally fiendly biplogical treatments,
sipoee e wastewater of fish rﬂrjﬁg ofl SWapS mur-reﬂucq the quality of ST
water, - -
- e e of the treatments |s adding problotics in the
rtaﬁnq media. Irianto =rd—f Austin [2002), states that envirenmental domagag
n be prevented with probiotics_pble —ssechsiese to degrade the arganic
materials in the habitat. Hartini gt ak (2013) showed that the addition of probistics at a
dose of 10 pl. I week™? can improve and maintain optimal water guality. In other studies,
the addition of the-afMective probiolic microprgansm-—t—sesplatas can reduce ammonia
lewels and suppress the population of pathogenic microorganisms [[0im (hobedeseesieie
cufture media (Trisne g4 ab= 2013).

Swamps have hlql"l biodiversity, including sediment microbes-
FeeFebes—are—_able to improve the physical and chemical properties of swassssthelr
medla. The ltentilied Sswamp microbes—thet—tesre—iean—tases include Chlorophyta,
Baciflus sp. and Streptomyces sp. (Wiavanti gt al- 2018). Bacteri
Bacilivs sp. ) mmwmh concentrations of 10° CFU.ml

[Khotimah: 2018 and selcessloee Chlorophyta microslone  with the optimum
concentration 10% of the maximum density_(Lfam 201%] are able to grow in the fish
culture media and thev cam be used as enviconmentsl grobiobicscem—aio.
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Chiorophyta is & microorganism that can be used as Green Water In aguaculture media,
Wijayantl gt_-ak (2018} showed that the use of Chlorophyts increased the level of
distalved oxygen in the ssitess pond culture media 60.52% and swamp waber cufture
media §3.63%.- The increasing dissolved oxygen is caused by Chlorophyta carrying out
photosynthetic activity which produces dissolved owygen In the culture media. Baciflus sp.
and Streplomyces sp. obtained are proteslytic bactena that can increase the content of
NH:, MOy, and NOy iobe the media (Yullani- 2017; Sarsswatc 2018). Balcazar gt al-
{2006} states that Bacilus sp. is an example of ss—efficient probiotic bacteria, used In
aquaculture because it ks able to convert arganic matter into 0y used in cell metabolism,
Gram-positive bacterta, such as Baciius sp, can increase the animal's immune system
capapllities and alse act favorably in improving the quality of the water system
(Mohapatra gt al= 2013). Bemal pt al- (2017) state= that the combénation of
Streptomyces sp. and Bacillus sp. demonstrated a significant immunormodulatory activity
by increasing the btotal number of hemocytes and the activity of superoxide dismutase
{500), which provides a protective effect against Vibmo harveyl bacteria by increasing
the immunological status of Peneeus manadon. Nitrifying bacteria are chemalitho-
autotrophic bacteria (ex: Nitrosomonas sp., Mirobacter sp. ), which are able to meet their
carbon needs through COp fixation (Calvin cycie), and their energy source comes from
the oxidation process of reducing ammania to nitrate. Weh-£5 on example, through the
addition of nitrifying bacterla_aoc: denitrification,_ srthe molasses with a_—C/N ratio of
10 could decrease in ammonia levels by 28.5% (Yuniasari; 2009,

Each of the swamp microbes and nitrifying bacteria has their own advantages and
disadvantages, ss—we—rssdinaminre a consortium of swamp microbes and nitrifying
bacteria_would be more pffective—Hee—sareasbam o The pmeroence of 8 consortium
ewpected to form cooperative, commensal and mutualistic relationships between
VL TUIFIE £y et et i b b e S b e it
resstedpthe-pasdrp| s for an ssstmessbes-opimal sis—combinabon of Baollus sp.,
Streptomyces sp., Chiorophyta and commercial nitrification bacteria —s—as—afiast ta
mmmm The purpose “of this study was
to determine bes—combinations of swamp microbes and nitrifying bacteria that cen
impmvn H1|: wab:r ruualll:'|r ur mndbu in mmp I'ish m'uductlnn mmm

Material and Method

The experimental design used was a completely randomized factorial design (RAL)
consisting of 2 factors—, Fse-{he first factor with 2 treatments and the second factor with
4 treatments and 3 replications. The first factor s the addition of nitrifying bacteria
[FRIDBAE} namely:

N1: Without the addition of nitrifying bacteria (PROBAC)

N2: Addition of nitrifiying bacteria (PROBAC) 5= 10% CAU-mL?

The second factor is the addition of swamp microbes, namedy:

P1: Without the addition of swamp microbes

P2: Provision of 100 mi Chlorophyta (3.43 x 107 Geliced -1t and Bacitus sp. (107 CRU-mL?)

P3: Provision of 100 mi Chiorophyta (3.43 x 107 Selod| At and Streptomyoes sp. {105 ORU-mL
E

)
P4: Prowidon of 100 mi Chiorophyta (343 = 107 Sescell oL71), Baeius sp, (105 CFUL-mLY) and
Streptomyees 5. {105 CFU -ml*)

Bacteria cultivation and propagation._Fure bactenal colonles were obtained from the
results of previous studies. The colony was cultivated using nutrient agar #5{NA sseat
apar)] media for Baclivs sp and yeast mall S8JYM cesst—mali-agas) agar for
Streptomyces sp. Bacterial colonies were scratched In a petri dish containing NA Heussiest
dAaael for Baciius sp. and YM fdeastMalidaacimedia for Streptomyces sp. wsing the
guadrant streak method. Petri dishes were wrapped In wrapping paper and incubated for
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2 days at room temperature (2B8°5-30°C). A singie colfony formed on 8 petri dish was
transferred to the agar media and incubated untll bacterls gresw,

Swamp bacteris tastgeas ciown on NA and YM agar medis wem multiplied by=
putrient broth NE—(NE sul=lens begth) media for Baclius sp. and hguid YM for
Straptomyces sp. As much as 5 mi_pf The-suspension were coflected In g fest tube was
bR e to be cultured In the medium s bt
babs, then homogenized with a shaker for approximately 2 days for Baciius sp, and 5
days for Streptomyces sp., then multiplied from 5 mL to 500 mL.

Ehlorophyta culture, Sirsreshyts—se—10e culture media- wsed for Chioroghyis sp, was

& fechnical fertilizer media consisting of ZA, Urea, TSP, and Gandasll B. All technical
I'erl:llw ingredients were mixed in a 250 mL Eerlenmeyer and added to 100 mL of
distilled water and then homogenized on a hot plabe wsing a magnetic stirer and
sufficient heatira, until all ingredients dissolved. The technical fertilizer media in the
Esrlenmeyer was sterilized using an autoclave_af 121°C for 0.25 hour. Chiorophyia
isolates (about 107cefl -mi in 10 ml stock culture) were put into an Cerlenmeyer
containing g technical fertilizer media for Hguid culture. They cultured during 9 days-ksgl
the room temperatune for scaling up to 1 Léss.

aof fish maedia,_The container used in rearing was in the form of an
aquarium with a size of 30 x 30 = 30 cm® as many as 24 units. The aguariums were
cleaned using potassium permanganate bto bg sterilizeq gf diseases or parasites. The
aguarium was filled with 20 liters of swamp water,

Fish culture test, The test onganismy used in this study ssse—sere [7 snakehead fish
specimens of § £ 1 om each wdts 10 beeste 5 for 20 liters of water (Mulyadi- 2016).
Before stocking, acclimatize &s an adaptation to the new environment to reduce stress on
the test organism, After 7 days of stocking, & trestment wad hie ansEting (n

combination of Chiorophyta isolate (3.43-x-107 Sadoeil L), Baclius sp, (107 CFUL-mL ),
Streptompces s, (10° CFU_-mLt) a5 well as L= "PROBACT pMitrfication bacteria (5-x
108 CFU -mi 1), were adsed i eombinatinn with the troatmant

Rearing. The figh culture was maintained for 40 days seebsascalculated after the
addition of the treatment. During rearing, they were fed at satiation with a frequency of
three times a day, by using—edsbsysastseecommercial pellets with 40% protein
conbent.

Ehlorophyta abundance, Samplings were carried out ot the beginning and end of the
study by subcomposite m.!ttnds in each treatment. #-ssede-A piapkion oet with 25 pm
mesh ﬂunﬂh—phﬂhn—uu—m_u;ﬂ_thLmufruﬂnq media sash-y sk
evperimental unit (sample of IS5 mile—J—imi—kample.

were used &

FuEspRsape ans tesisnak-Tradlarpeana-krash-sester Rapktas-dos the obseoyaboon af the
Lhiprophyta samoles (Davis; 1955). Chivophyita abundance calculation was &ers
performed by using the Leackey Drop Microbransect method (American Public Health
Association- 1989) as follows:

N=2Zx ‘-:: x = .
B e T
N = Total number (cell L)
Z = Number of individuats found
X = wolume of filtered water (25 mL)
Y = Volume 1 drop of sample water {0.05 mL)
W = volume of filtered water (5 sisssl )

Bacteria thon,_The Sessting-coyunting of bacterial populations was performed at
the beginning and end of rearing with [he plate count method was—te—perfesmgn o

AACY ERofis, 2000, Vourme 13, b 1, 1
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mubtilevel dilution were—tses-incubated at a temperature of 28-30°C for 24 howrs. The
growing population was determined in a codony forming unit (CFU} and calculated wsing
the fallowing formula:

1 |

Totel of Bacteria = Total of ¢ Iﬂ'.duﬁenf Iud.

Biofloc volume. Blofloc volume measurements were done on the 10 and 40 days after
rearing. The fFloc wolume was obtained by ssdsse—colleching a rearing media, by using 2
ulsaszsnm 1L volume, then (he floc in the water media was left to settie in the tube for
15-20 minutes.

Survival rate,_The percentage of fish survival was calculabed by using the following

farmula:

S ——
N o0
Tk

Where:

Ne = Number of fish at the beginning of rearing {individuals]
N = Number of fish at the end of rearing (individuais)

Absolute weight growth,_Growth of fish weight during rearing wass calculated py using
the following formula:
W= Wt - We

¥ihere:

W = Growth of weight of fish for rearing {grams)

Wt = Weight of fish at the end of rearing {grams}

W = Weight of fish at the beginning of rearing (grams)

Absolute length The absolute length growth of fish during rearing was
determined by doing the following calculation:

L= Lt-ls
Where
L = Growth of absolute length of fish for rearing (cm)
Lt = Length of fish at the end of rearing (cm)
Lo = Lemgth of fish at the beginning of rearing {cm)

Feed efficlency, According to NRC (1977) feed efficiency can be calculated by using the
formula:

W) We) .

EP = F ® 100%
Hatelihere:
-EF = Feed Eficancy sifidency (%)
Wt = Weight of fish at the end of rearing {(gram)
Wo = Initial Ash rearing weight {gram)
D' = Weight of fich that died during rearing (gram}
F = Amount of feed given (grams)

Water gquality,_Measurement of water quality data for snakehead fish rearing media

includes pH {pH meter), dissolved oxygen (DO meter), ammonia (spectrophotometry],
and biological oxygen demand (DO meter) at the beginning and_40 days later, at the end
of the reaning. fesdbsbaps,

Data analysis, Research data including biofioc volume, survival, growth, feed efficiency,
water quality ssese=wi3c statistically emalbpsed-procesced by using_the variance analysis-sf
sapares, If the results of the yanance analysis si-tkesararesshow that the treatment
has & significant effect, then It is continued with the LSD test (the Least significance
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difference) 5%. Chiorophyta abundance data and the total bacterial population were

analyzed descriptively.
Result and Discussion

abundance, total bacterial

and floc volume, _Chiorophyta

population
abundance data on reanng media are presented in Tahdz 1. Chiorophyta density at each
treatment decreased after 40 days of reanng. hloropinita added in the
rearing media experiences death or predation. In reaﬂnn me-:Ha.. a food chain system
pocurs between Chlarophyta and zooplankton (Figure 1), resulling In a decrease in Lhe
population of Chiorophyta due bo predation,

"-.! C -
i AR
' S,
« W - .,'.

Figure 1. Bioflac and Chiorophyta profile in the rearing media g‘ snakehaad culture in this-
study (40 magnificaton scale of microscope),

The pattern of the interaciipheaiabionchips between zooplankton and phytoplankton is a
series of eating and prey refationships—_forming Fesfi-reabenshp-farms—the path of the
food chain. Phytoplankton as primary producers are eaten by zooplanktons; in turn
rooplanktons are eaten by small fish at higher trophic levels (Bouman et a= 2003).

B

Fedsbe—t= Chlorophyta abundance in snakehead rearing media at 0, 10, 40" day

Lommerdial Ehlm_'nvﬂ;-'!_a Abimndance {Call L) | mmt Itake
" M""‘:"fr_,“'m""’ Swamp microbes 0 day 107 day 407 day  Pormatte: Cevtered
Pl B2k 100 I 2=100 2.1 % I & —
NI P2 3.6 x 107 343 =107 4,1 = 102 mevirimoind (W) Foses i ~." iviivesd of .7 I et arribe
P3 4,1 = 109 343 = 107 4,1 = 107 ) -
P4 37T =10 3,43 % 107 4,46 = 107 | Formatbed: Centered
Pl 4.0 x 107 4.0 % 107 2.1x 109
F2 3,6 % 107 3,43 « 107 2,41 x 107
Nz P3 19 x 100 343x 107 234 % 107 Formeatted: Centernd
P4 3.4 x 10° 3,43 = 107 4,03 « 10°
The total bactenal population es-in the rearing media is presented in Table 2, the results
of the LSD test of the floc volume at ten and forty days sHseof rearing are showed in
Table 3 and Table 4, respectively.
Jabss—- Total bacterial population in rearing media Formattad: Cortared

“Commercial pm—— Total bacTenal popuiation (CFLLmL 1)
nitrification ST . ===

o apurie day 15t day 20th day 40t day

Pl G560 x 10° 6,78 107 1,55x 10° 6,20 % 10°

N1 p2 6,20 = 10¢ 3,95 = 108 6,93 x 108 2,77 = 108

P3 7,00 =10 3,28 = 108 7,53 = 10% 3,01 x 105

B4 470 =104 5,59 » 107 1,00 = 100 2,99 ® 10%

N2 [ 7,10 = 104 01 = 107 3,54 % 107 142 = 100

P2 450 x 104 329% 107 559 x10 1.68 » 10%
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P3 430 %100 4955107 641 % 107 1,93 % 10°
P4 495 x 100 470 x 107 875 x 107 4,06 x 10°

Based on Table 2, the total bacterial population increased on 20th day and decreased
until_the 40th da',li- The increase in pupulabun on the 20th day can be caused by
adequate  mebsen—nytrients addition in the rearing medin, st i
Actifemycetas tan-usa-these putrertsfer-stimulating the metabolic activity and growth
gf_the bactena and Actinomycetes, —wWawhilsessas, the decline of bacteria population
ohserved on the A—d40th day could be caused by edssslag—the nutrient degletion
{ma:rmum:nt nnd micronutrient) in l'h: B b B e e L e

Related tg the factor g[ nitrification :-agg a, t¥he results of LSD at 10 and 40
days after rearing_start showed that se=betostoenidilpn—niosnmmenrmolenebeiiasimee
boptasg——the wvolume of floc es<{g the media without esmmessial—minilasion
Basbesaimatment was significantly higher compared to the treatment skees—aith
nitrification bacteria. The addition af nitrifying bacteria can Increase the volume of floc,
because one of the constituent components of foc is a badterium. Bolpted to the debie
factor of microblal addition from swamps, the volume of floc on the media_treated with
wisEh—wRe—es-3 Combination of Chiorophyia, Bacius sp. and Streplomyces sp.
significantiy showed higher levels compared to other treatments.

Fadsbe—d= The results of LSO test of the floc volume |0 thesd rearing media at 10 days afes

of rearing
" The single influence of swamps microbes  The main effects of
nmﬂ?’b:ﬁ :,’L g [P} nitrifying bacteria (N)
i | K i ] 4 (L50g05=4, 786)
N1 11,111 15666 13,332 26668 16,9440
N 10,000 10,000 13333 16667 12,500°

The main effects of
swamp microbes (P} 10,556 13,333% 13,332 21,B&7v

(L5De0s=3 102]

Table 4-
= The resufts of LSD test floc volume of rearing media at 40 days sferof rearing .

The single INMUence of Swamps microbes  THe Man efects of

The single effect of
(P) (L5005 pe=6,631) mitrifying bacteria (V)
B et (M) 23 ] Fd {150y 5=3,315)
N1 11, 112" 26,667 16,667 38,889 25,834
N2 13,333* 13,333 23,333° 33,333 20,833
The main effects of
swamp microbes (P} 12,223* 20,0000 20,000 41,111°
{LED0s=4 BEG)

It |s suspastad-presumed that cerainibs types of microorganisms are easksepred| sposed
for ferpmima-flocs_forming. Ss-Helated to the influence of interactions between factors at
40 days sfes—of rearing, the observations showed that the treatment combination of
Ehiorophyta, Bacilus sp., Streplomyces sp. asd—without nitrifying bacteria e
determines the highest sf-fss—volume of floc, 3889 mbL -L", buk |t is not significantly
different from the treatment combination of Chlorophyta, Bacilus sp., Streptomyces sp.
asdd=wiith nitifying bacteria. The volume of fac In this study is lower than the study from
Mulyadi gt 3l (2016), where In treatment with stocking density of 450 snakehead fish m-
1 which was kept for 41 days resuited in a floc volume of 40.7_mL_-L!. Teis=]t js
presumed that the rearing media lacks 3 carbon source ysed bywiesk bacteria ss=far (he
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fioc formation. According to Panigrahi gt ak (2019), yaname shrimp cultivation without a
Biofloc system can produce a volsme of floc of 4.53 mL= L'!_whico-seat-is lower than the
cultivation of yaname shrimp with a biofloc system, by adding molasses. Floc thickness
will continue to Increase atong with the provision af bacteria and carbon sources that are
continuously balanced with feed metabolic waste amd—& producings ammonia. The
bacheria could bind to ammonia and will_form a biofloc (Sitohang gt al— 2018).

The results of the analysis of variance showed that the gﬁ'ect of the interaction
between factors_and —sesd-the pffect of the factors efgefined by the additvon of swamp
origingied micobes ss—gn the survival of snakehead fish vared significantly sffecsed
between treatments, but the factor sfdefined by the adding of cormmercial nitrification
bacteria had no significant effect. Based on further testing of LSD on microblai factors
from swamps, [0 the rearing media sssen—treated with a combination of Chlorophyta,
Baciilys sp. and Streptomyces sp,, the survival rate wasese significantty higher than for
the other treatments —sas-l Interactions between factors showed that Io the rearing
media @esswith a combination of Chiorophyta, Baciius sp., Streptomyces sp. and
without commercial nitrification bacteria, fhe survivael rate peached B3 %4% 3
significantly_higher—diferens performance compared to the other treatments—sdéh—=
e e

Based on the results of the survival percentage, it 4 showed that the combinathon
nl' sSwamp micrabes |5 able to suppress unfavorahle microbes, ssddeepensiae o imiprave
the water quality In the rearing media_snd; to increase se—ihat the snekehead flsh
urzwul rlE—san-suesue el — Thig Is shown in the freatment of rearing media e
consisting in A& combination of Chicrophyta, Bacilus sp., Streptomyces sp. and without
commercial nitriflcation bactera, which —rhal—pmvbdeﬁ_a snakehead fish survival rate of
63.94%, The combination of Baciius sp. and Streplovmyces sp. was able to provide more
protection against unfavorable microbes in the media, ssassthe presence of Bacillus sp.
givinges effect to Streplomyces sp. to produce antimicrobial compounds, Luti sas—6
Mavituna (2011) explained that Baciilus ses—cultured together with Streptompces <am
increpsed the production of antimicrobial compounds when it was compared with the
single genus culture,

Table 5. LSD test of Survival Rate of Snakehead fish

The Main
The Single Effect of The Single Influence of Swamps Effects of
Nitrfying  Bacteria  Microbes {P) (LSDoos=6,02) Mitrilying
(N} Bacteria (N)
Pl P2 P3 P4
N1 26,06 3591° 28,03 63,99 38,74
31.75* 28,03 3516" 4820 357

The Main Effects of
Srisme Membes.(F) 253 WAD M9 SuR
LLSDaps=4,25)

The N1P1 treatment (without the addition of microbes from swamps,_neither of —ssss
commercial nitrification bacteria) was the treatment with the lowest survival value of
26.06% compared to other treatments. These results prove that the addition af swamp
origin microbes to rearing media can increase the surwival rate of snakehead fish. This is
in line with the results of Hartinl gt al- (2013),_sugoesting that the addition of EM-4
probéatics to rearing media had a significant influence on the survival of snakehead fish,
The average survival of snakehead fish with EM-4 probiotics [28.88-96.66% ) tended to
be higher, compared to contro treatments {without EM-4 probiobics) which was 8.8%%.

Budlanto ard—& Heny (2017) state that the bacteria Bacilius sp. has bacteriocin
compounds with specfic chasseten cothat b oo inhibiting action on the growth af 5.

iniae and P. fMuorescens, Streptomyces bacteria has the potential to control pathogenic
batcteria by means of competition, parasitism or &y producing secondary metabolite
compounds (Lutfi: 2018). The combination of the two microbes can provide & high
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percentage of survival compared to ssesesd=athe ng combination_scenaro, Accoeding to
Irianto asd-f Austin (2002), probictic bacteria can increase survival or reduce mortality
through the development of the immune system—sssh-ss due (o an Increasing phagocyte
and lysozyme activity, thereby suppressing pathogenic bacterial colonies, Sanchez gt al-
(2014) states that probiotics can increase Immune stimulation in fish, as_z protection
agalnst pathogenic bacteria that causes death in fish culture.

Feed efficiency. absolute welght and length growth, The results of the analysls of
the gfficiency of varipyssk-sf (med on the snakehead fish feed-sfhstense-showed that the
interaction between factors, the microblal addition factors from swamps and the addition
of commerdial nitrification bacteria, can &s—increase the value of fish feed effidency,
which iz significantly affected Besbween—by the treatment tvpe and Concenfrations. LSD
test results of the efficiency of fish feed for 40 days of rearing are presented in Table 6.

Table 6. LSD test result of the efficiency of snakehesd Msh feed for 40 days of rearing
The

Main
The Single Efect of Narifying The Single Influence of Swamps Microbe  Effects af
Bactenia (N) (PY LS04 0y=3,32) Mitrifying

Bacterta (M}
[ P2 Pl [ (L5Dwaa=1,08)
N1 1893 47387 AT 965 4097
2 22,000 95 MY A1 ey
el i o f;;'}'“ 2047 mar  3sad 5188

Based on thegs results_1he affects of the different combinations gn the snakehead feke

leed efficlency could be observed, —ef-tea—tboo-tes-or-the-malrafact-ol-the-atddiienof

pesmenmpsiaianiefeablen-paetesia—Tehe yalue of the snakehead fish feed efficiency in the
treatment gf the media of rearing_was: (1) W\mﬂ!um commercial
nitrification bacteria was—sigrificantly—higher—than for the treatment glves—with
nitrification bacteria—_ ()] significantly different Se—theafivanss el tnaaddion af
e e e e e e o s s
rearRsReda—that-were—givenwith with & combinabion of Chlorophyts, Bacitlus sp. and
Slreplompces §p,, sasificsntly clfarant compared to other tréeatments and interactions
between factors—_(J1aere sianificantly NIGNEr Fe-vae—tr-shikthiai-fsrroat-rHReonsy

with & combination af Chloraphyta,

B o Az Ao e o S

Bacillus sp., Streptompces sp. and without commercial nitrification bacteria wass
sepheaniiy-aighe-than the results of other treatments. It is thought that Hhe-smge—et
swamp microbes added to the media enter the digestive tract of snakehead fish during
the process of respiration and s#==—while eating. Chlorophyta that enters the digestive
tract could be a natural food source, while Baclius sp. and Sireptomyces sp. which
entered the digestive tract could be working together to improve their digestibility. High
digestibility in the feed will increase the absorption of nutrient, which gt gotimal levels

Bete ol g sl ana il increase the value of Feed efficiency,
Bacillus sp. is 8 bacterium that can increase digestibility because it can secrete proleass,
lipase and amylase enzymes (Fardiazs 1992),

These bacteria can aise produce antimicrebial compounds (bacteriocin and
antibiotics) that can suppress pathogenic bacterial colonles (Findy, 2009). Streptomyces
sp. is @ genus of Astipempestespobingmyrales that can produce varicus antibiotic
compounds, Streptomyces has the pobential to controd pathogenic bacteria by conducting
competition, parasitism or_by producing secondary metabolites (Lutf, 2018}, s
dpepaadieg the galea of lead wfcecey  Tihe bacterium Bacillus sp. incresses the valie of
leed efficiency by secreting enrymes that can weresse—atimulaie digestion. while
Slreptomyces sp. secretes antibiotics te—be—able to suppress pathogens, se—fhat—tiie
te=figth bacteria work together to improve the digestibility and immunity of snakehead
fish, which ultimately results in high feed efficiency. Bacterial activity in the digestive
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tract will axpenence sksssssrapld_{luctusbionss shes—yith Shess ses mirmnbes Has
emtering through feed or water and #hat-sawsecausing changes In the intestinal microblal
balance—slspbaclnal colaln b locomiig siccpbes. The enlry of these microbes s
antagonistic to the pathogenic microbes s—sigestien ce thaty the digestive tract of fish
wit—pe—teetber—at, [DCililpfiog the digestionds and absorpliopsg of Lhe eed-nutrients, o
ot pnd makifig feed wekbe more efficient (Mulyadi gt ak 2011). | Formatted: Font: ot Itk
Swamp microbial addition factor, commercial nitrification bacteria addition factor,
and #hsdp—interactions between factors nfluencedes the feed efficiency showed=in o
significantly different manper, depending on thobstswsss treatments. Based on the
results of the LSDopas test (Table 7) on the main effect of the addition of commercial
nitrification bacteria, the gessdbncresss of the absalute weight of the snakehead fish s
[ollowing the treatment of b rearing media was: (1) sshessteaarmarsasibnfaatean
Basea—was—significantly higher without commercial nitrification bactera than +he i =
braatasent abasswith commercial nitrification bacterla: (2 significantly different Da-the | Commmnted [WURS]: In whoh wey dfferen | B doest maks
D e B L L B |k e o day "G, uele the dunsening w studied. but
B e R | | bese oy u few salees are compaced
combination of Chlorophyta, Baciius sp. and Streplomyces sp. sgriflcantly differest than

wiith the other treatments;- (3) sianificantly higher than She other ireatmenis rasults &=

sty eaiamnnlenlposnpamaikietinbpaps—aesenyih -a combination of Chlorophyta,
Bacillus sp., Streptomyces sp. and without commercial nitrification bactera—sigrfieanty
e thai-olipetipatmantsamiss, but (4] not significantly different from the treatment
results given @ combénation of Chlorophyta, Bacilius sp. and without commercial nitrifying
bacteria,

Tabile 7. LSD 0.05 test results of growth in absolute weight of Snakehead fish | Commeanbad [WULE]: #iesse = fo necrury sdusmest
Main | wning the previcus lables s moden. |

The Singie Influence of Swamps Microbe

The Single Effect af o Witrilying - Bacteria
NG Dactarta (M) o Deee0,08) {N)

PL P2 ] B [L5Dwm=0,04)
M1 1,30 226 1.7m¢ 2 1,800

1,73 141" 1,88 208" 1,78

ha
“The Man Efecte of
Swamp Microbes [F) 1814 1,848 1,798 2,204

150, =0,05)
" | Formatted: [stenf Frel ing: 0om
Basad on the results of the varignce analysis—of-sarlanes, swamps microbial addition
factor fss—swamps—and interactions between factors significantly influenced the srewts
lncreges of the absolute length, but the factor of adding commercial nitrification bacteria
has no significant-effect-bebwesn-denslinanis, The LS50 results of growth in absolute
length of snakehead fish are presented in Table 8,

Table 8. LSD test res in the of snakehead fish | Commesnbed [WULT]: Feise sahe e neveasary st reses
'Main | aning the previous tables s mesiis. |

The Single Influence of Swarmps Microbe
The Single EfMect af (150 of Nt
Hitrifying Bacteria (N] ) 0200 Bactaria (N)
PL Pz P3 Pa
1 [ 170 [ 227 213

LE Lo 160F 17e 209

af
Microbes (P} 0,21° 1447 1,288 1,000

The main Influence of the addition of microbes_one the geawibincrease of the
absolute length of snakehead fish in the treatment of rearing media se-shwersasranitn
8 combination of Chlerophyta, Bacifus sp. and Streplomyces Bp. wese—was significantly
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different ther-ts=_t other treatments, [os-she influence of interactions between factors:

on the merease of the absoluta length seewse—of snakehead fish was signdicantly higher

in the treatment of rearing media with § st-dsis-svass-combination of Chiorophyta,

Bacitius sp., Strepfomyces sp, and without commercial nitrification bacteria wees
an the o the results of (he other treatments.

The addition of a combination of swamp microbes and commercial nitrification
bacteria gave significant results on the ssw+h-lncrease of absolute weight and absolute
length—g=ewih. The highest absolute weight and length srewss—inoreass s—sheyas
produced by the treatment of reaning medis wess—gver—anith & combination of
Chiorephyta, Baclius sp., Streptomyces sp, and without commercial nitrification bacteria,
and |owest s=by the treatment without the addition af microbes, THMM
treatment without the addition of microbes (= thought to be the less effective in Sse-forms

absorption of nutrients In the feed, sevshssusescpizing g dess—oyb-
optimal growth, compared to the other treatments. In the treatment of N1P4, swamp
microbes added to the media could be entered into the digestive tract of snakehead fish
diiFing the respleation process and when eating. Thess microbes break down comglex
compounds into simpler_otes and ncrease digestibllity of leed-and_bv accelersie
sccelerabing the process of absorption of (he food-bethe felie by, The basic principle
of the work of probiotics in aguaculture | the iﬁllhr of microorgenisms o break down
long chains of proteing, carbohydrates and fats in feed (Fellata aed-§ Suryadi- 2004).
The addition of 10* CFU.mL " problotics to rearing media geve—the-grawiijnoreased the
lznagsh and weight of tiger shrimp larvae,_gompared to the set-wess—highesthar-rontrols
[Widarnani g1 &= 2010), Formabbed: Font: hot sic

oxygen and ammonia in the rearing media_The results of the analysis of | Fermabtad: Font: Ttk
varance on day O showed that the factor of commercial nitrification bacteria, swamp S ————
microbes and the nteraction between the factors did not significanty mfluence the T e—————
dissolved oxygen content (Table 9). At 5 and 10 days after rearing_starf, the factor of
commercial nitrification bacteria and swamp microbes significantly affected the dissolved
cotygen conlent, but the interaction between the factors had no significant effect,

The results of dissolved oxygen in the rearing media at 5 and 10 days after-
rearing glart showed thates the main effect of the addition of commercial nikrification
bachana was 00 DEAlTly D] Sk e b e e b e
Besboma geese slpslegntle Jefabes fhan Seeseteasted aithoy! commercial nitrification
bacteria.

The main influence of the addition of microbes fmm Swamp esi-biaaton the
dissolved oxygen in the rearing media
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Be-4Ter days after rearing_start, the P4 treatment had g significantly higher dissolved
oxygen centent than the P3 treatment, but it was not significantfy different from the PL
and P2 treatments. The factors of commarcial nitrification bacteria, microbisl s
addition and thes interdction betwesn—foeters—significantly influenced the dissolved
oxygen content. The dissolved oxygen test on the 15th, 20th, Z5th, 30th, 35th and 40th
days are presented in Table 9,

-Ammaonia analysis results on day 0 were not significantly infiyenced shevees-shat
oy the factor of commercial nitrification bacteria, mﬂﬂmﬂﬂﬂ.ﬂ“‘m

The variance analysis results on days 5, 10, 15, 20, Z5, 30, 35 and 40 showed that the
Eu:t-ur of commercial nitrification bactera, microblal  addifion  end  theie

il e rAC OT-Fr it e R ebweer—Hretors  Significantly
affected ammonia content. They are presented In Table 10,

Table 10. LSD test results for ammonka 5 on reaning media
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The resuits of LSD test on fhe 5§, 10, 15, 20, 25, 30, 35 and 40th days on the main effect
of the addition of comrmercial nitrification bacteria showed that the ammonda content In
the rearing media siisl—enuith commercial nitrification bacteria was. significantly
lower than | Lhe breabments sstsiessn thoyt comimercial nitrification bacteria. The main
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effect of the addition of microbes from the swamp skews-Suggesizd that the ammonia
content in the rearing media dhat-wasgteenuith a combination of Chlorophyta, Bacilius
sp. and Streplormyces sp. was significantly different compared to fhe other treatments.
The resuits of LSD on the 5, 10, 15 and 20° days, in the scenaro of the interaction
between factors, demonstrated that the NIP4 treatment had significantly lower ammionia
levels compared to the other treatments, but not significantly different from N2P2
treatment. The results of LSD on the 25, 30, 35 and 407 days In the scenarin of the
interaction between factors, suggested that the N1P4 treatment had significantly lower
ammonia leveis compared to other treatments, but not significantly different from N2P2
and M2P4 treatments,

Ba-Relghed Lo the factor of adding nitrifying bactera, the lowest ammania content
was ghserved In the treatment was-geesmiylll nitrifying bacteria. It is ssspected-gasimed
that the added nitrification bacteria are able bto carry out the process of nitrification on
the rearing media. According to Rurangwa gt ab- (2014}, nitrification takes place through
£ reaction stages, where in the first stage the axidation of ammonium to nitrite is carried
out by ammanium oxidizing microbes (Mitrosomonas sp.) and in the second stage nitrite
oxidation |s performed by nltrite oxidizing microbes (Nitrobacter sp.). {r-Among the
addition of swamp esigiamicrobial factors, the lowest ammonia content 4e-was observed
i _the treatment sss—sweyth a combination
Chlorophyta, Bacllus sp. and Streplomyces sp. It |s suspeched that the three microbes
Farm—which-the swamp—was—added-could break down ammonia, Ammonia Is the main
source of nitrogen in addition to nitrate, which could be used by microalgae for their
metabolic processes (Nurhayati gt al= 2014), Bacilus sp. could oxidize ammonia to
nitrite through heteratrophic and chemotrophic processes {Edwardss 2011).

da=Among the isrmebisn-bstwaan-factors’ interactions, N1P4 treatment had the
lowest ammenia bevels on the Sth day unkll the end of rearing._—t was suspected that
microbes from the swamp ffevdes—were able to break down [he organic material,
derived from leces or feed, Into cormnpounds that were not harmful 1o Ash. The N1P4
results were not significantly different from the N2P2 and N2P4 results. i presence of
Fihe commercial nitrification bacteria in the same ecosysbem as Bacilus sp. and
Streptomyces sp., the nitrificabion process activity and [[ic growth of nitrifying bacteria
are inhibibed. Nitnfying bacteria [autotrophic bacteria) produce very small biomass and
slow growth. Nitrifying becterna takes 12 hours to regenerate, while heterotrophic
bactera Bacillus sp. and Streptomyces sp. only need 30 minutes (Ebiling gt ad= 2008). If
there Is a limited nitrogen to carbon (high C:-N ratio), the nitrification precess is Inhibited
and hetgrotrophic bactéria develop rapldly. Heterotrophic becteria will assimilate
ammonia directly into bacterial proteins, whbeshstecironhe bagteclaand fhey Wil
develop rapidly, It will cause competition in the struggle for cxygen, space and nutrients
with autotrophic bacteria (Blancheton gt al= 2013).

Ammonia levels in all treatments sa«e-yyjth microbes on 10th day to 20th day of
rearing, decreased and increased wntil the 40th day. On the 10th to 20th day, it was
suspeckad-presumed that the ammonia accumulation from metabolic waste had not yet
ocourred- se-_that-therefore the microbes given to the rearing media were able to work
aptimally. On the 257 to 400 day, it was supposepscted that the AMmMonka accumiikation
from metabolic waste had been accumulated in the rearing media;, so that the added
microbes stesrecouldn't optimally reduce their ammonia levels, Meanwhile, the treatment
without the addition of microbes (N1P1) experienced an increase in ammonia along with
the increase in the rearing time. Inoreasing ammonia levels in the N1PL treatment was
caused of the rearing without siphoning during 40 days-— It resulted In a bulldup of
prganic material derived from metabolic waste and levels of ammonia in the rearing
media, The decompaosing bactena from natural swamp water ss-added (o the media have
not been able o make an optimal decomposition,

Conclusion, Addition of swamp microbes in the form of Chiorophyta, Baciius sp. and
Streplomyces sp., without the addition of commercial nitrification bacteria on the
snakehead rearing media, &=provides better waber quality values. The best results are
obtained in the treatment with the addition of swamp microbes Chiorophyta, Bacillus =p.
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and Streptomyces sp. without the addition of commercial nitrification bacteria in the
rearing media that gave in the survival rate, feed effioency, and grawth of snake head
fish in swamp aguaculture,
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Optimization of striped snakehead fish (Channa
striata) culture using swamp microbial

combination and nitrification bacteria
Marini Wijayanti, Dade Jubaedah, Ocktin Yulistya, Tanbiyaskur, Ade Bwi-D.
Sasanti
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Abstract. (Rilization of swamp area; as =-fish culture locabiony will srse—s—semsaes—aziler Wwaler
qualty. Therefore, it is necessary to imgeowe the water quality with envinonmental friendly =—biological
treaimentys, =+==guch gz the addition +2f microbes as probiotics in media culfure. The purpose of this
sh.bdywﬁmmmmemmNWEMSmpsmtmmmmEMMnf
the swamo fish sedis-cufture and prodorfion mecs spspracesionof ovame s-fich-seturs, The research
wsed Completely Randomized Design (CRD] factorsal with two factors mnmﬂmg of the first factor with
tnﬁhmt'mntsandﬂmsemradnrwﬂthmhm“dﬂmmmlmbﬂns ‘ﬁreﬁrstlm:tnr
i - L the addition of nitrification baderia (N1) and (2 with fhe
ad\:lﬁ]unu‘fntl'rfﬁ:ﬂun hacta’la n:F'RGi]#:] Sx10°F CAU_-mL* [N2). The second factor o .ESE in Egur
scenanics: (1) without the addition of swamp microbes (P1) anc: with the addition of. (2] Chioropfiyta
{3.43x107 sl A"} and Bacilus sp. (10° ORL-mL*) (2], ‘7|—ae-ae#-5*-0‘:.h'aphﬁ3[343xlﬂ’seL-L ]
and Streptomyces sp. (10° CFU-mL) (P3);; (4] sessesst Chiovophyta (343107 sel L), Bacilus sp.
(10% AU -mbt) and El‘;rep.*nmp"es sp. (10° CFU_smL*) (P4). The result showed— that the addition
microbes from mmpsml-r_,j;e_mhlnamm'ul_ﬂ:_ﬁ' ghmend sCRNarios is metnimpqmeﬂm
wits qual?y vdueneﬂ:erman the ofter treatment_scenarios séthautt =
— e ""m:m&ﬂ'ehestm
mta-uu_-ﬁ?ﬁu mmmmm* absodute weight growth &={2.32 g and shsolute length
gowthof 22¥emy, 0000
Key Words: probigtic, swamp-f-==bs5, snakehead fish, nitrffcation bacteria_Digfloc

Introduction. The swamp aguacuiture must s=-improvesss and maintainss the water
quadity For fish rearing media, throuoh environmentally friendly biclogical treatments,
since- [Fhe wastewater of fish rearmg on 5wamps *ru—redur.es the qualltﬁr of 5ﬂam:|=
water - -

e — =gy —0ne u{‘ the I:reahrm'rs is addmg prnhmtu in thE
rearing media Irianto 2re—5 Austin (2002), states that environmental damading
degeadabionran be prevented with probiotics_sble —whch—aissto degrade the organic
materials in the habitat. Hartini gt al- (2013) showed that the addition of probictics at a
dose of 10 pl.I%.week™ can improve and maintain optimal water quality. In other studies,
the addition of Swe—effective probictic microorganism—4—sseksaties can reduce ammonia
levels and suppress the population of pathogenic microorganisms from (heksssess—s
cufture media (Trisna gt aks 2013).

Swamps have high biodiversity, including sediment microbes—Masy—swame
Fcrobec2ea able to improve the physical and chemical properties of swemeciheir
media. The identified Sswamp microbes—a—rse—besr—tauas indude Chlorophyta,
Bacillus sp. and Streptomyces sp [leay'antl Ft al— 2018). Bacteria—=ar—the—swasr
(Bacillus sp.) <= ith concentrations of 105 CFU.ml"
L (Khotimah- lﬂlﬂ-] and ma-:ma-use—ﬂ'ﬂnrnph'pta microalgae  wikh the  optimum
concentration 10% of the maximum density (Utami 2019) are able to grow in the fish
culture media: and they can be used as environmental probiotcstRem—20404,
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Chlorophyta is & microorganism that can be used as Green Water in aguaculture media.
Wijayanti gt_-ak (2018) showed that the use of Chlorophyta increased the level of
dissolved oxygen in the susre—pond culture media 60.52% and swamp water cultere
media 63.63%.- The increasing dissolved oxygen is caused by Chiorophyta carrying out
photosynthetic activity which produces dissolved cxygen in the culture media. Bacillus sp.
and Streptomyces sp, obtained are proteolytic bacteria that can increase the content of
NHz:, NCw, and NOy [nte the media (Yuliani- 2017, Saraswati 2018). Balcazar gt al-
(2006) states that Bacillus sp. is an example of s—efficient probiotic bacteria, used in
aquacuiture because it is able to convert organic matter into COz wsed in call metabolism.
Gram-positive bacteria, such as Bacilus sp. can increase the animals immune system
capabilities and also act favorably in improving the quality of the water system

(Mohapatra gt alw 2013). Bernal gt al- (2017) states that the combination of

Streptomyces sp. and Baciltus sp. demonstrated a significant immunomodulabory activity
by increasing the total number of hemocybes and the activity of superoxide dismutase
(SO0, which provides a protective effect against Vibrio harveyi bacteria by increasing
the immunological status of Penaeus monodon. Mitrifying bacteria are chemolitho-
autotrophic bacteria (ex: Mitrosomonas sp., Mitrobacter sp.), which are abie to meet their
carbon needs through CO; foation (Calvin cycle), and their energy source comes from
the oxidation process of reducing ammania to nitrate. #-4s an examgle, through the
addition of nitrifying bacteria_and- denitrification_ ss=-the molasses with a ~C/N ratio of
10 could decrease in ammonia levels by 28.5% (Yunizsari; 2009).

Each of the swamp microbes and nitrifying bacteria has their own advantages and
disadvantages, se—we—sessinerefinre a consortium of swamp microbes amd nitrifying
bacteria_would be more effective—Fre—sspssrbums—s— The emergence of & consortium,
expected tﬂ form cuoperatwe n:mmnmsai and ertuallshc relatmnshlps betwee
microbes, -
‘Eﬁ-rEEE—H—EhE—HEE&Eal'E for an %HE timal e‘—a—cmﬂ:mahun of Ealnﬂ'us sp,
Sb'eptamrces Sp., Chiumphfta and i:ummerual nitrification bacteria, ——sr—sfer—ts

- - - sbon. The purpose of this study was
tn deteﬂnme t-h-u.hcnmblnal:lnns nf swamp rn}:mtles. and nitrifying bacteria thal can
|m|:|rwe the water qua[rt\r uf medsa in .mamq: ﬁsh pruduttlun iﬂms-smd-r-ﬁ-e*aeet-ed-ﬁ

ﬁih-EHl-EHE‘r
Material and Method

The experimental design used was a completely randomized factorial design (RAL)
consisiing of 2 factors—; F=e-the first factor with 2 treatments and the second factor with
4 treatments and 3 replications. The first factor is the addition of nitrifying bacteria
(PROBAC), namely:

N1: Without the addition of ndrifying bactena (PROBAC)

N2: Addition of nitrifying bacteria (PROBAC) 5x10° CRU-mL?!

The second factor is the addibion of swamp microbes, namedy:

P1: Withouk the addition of swamp microbes

P2: Provision of 100 mi Chiorophyta (3.43 x 107 Shcel 1) and Baallus sp. (10° CAJ-mL-t)

P3: Provision of 100 mi Chiorophyta {3.43 x 107 Salicell 1-%) and Streptomyces sp. (105 CAJ-mi-
I

P4: Provision of 100 mi Chiorophyta (3.43 x 107 Sefcell ), Badillus sp. (10° CAU -mLY) and
Streptomyces sp. {107 CAU-mil-*)

Bacteria cultivation and propagation._Pure bacterizl colonies were obtained from the
results of previous studies. The colony was cultivated using nutrient agar #A-(NA strers
azas) media for Baclivs sp and veast malt ¥ YM seast—malazac) agar for
Streptomyces sp. Bacterial colonies were scratched in a petri dish conbaining NA Sdssent
#g2= for Bacillus sp, and YM fesseMat—rear—media for Streptomyces sp. using the
quadrank streak method. Pekri dishes were wrapped in wrapping paper and incubated for
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2 days at room temperature (28°c-30°C), A single colony formed on a pebri dish was
transferred to the agar media and incubated until bacteria grasw.

Swamp bacteria satgrew—crown on NA and YM agar media were multiplied by«
nutrient broth #B—{NE sutment beoth) media for Bacillus sp. and liquid YM for
Streptomyces sp. As much as 5 ml of Fre-suspension were colleched n g Igsg L mg w=-5
fekesasreshas—t—sssin order o be cultured in the medigss a5 :
ks then homogenized with a shaker for approximately 2 days for Baaﬂ.fus 5p and 5
days for Streptomyces sp., then fhev were scaled (pssstseses from 5 mL to 500 mlL_in
their louid media for each cultivation periods. The concentrations of bacteriz were
measured by Mc Farlan spectrophotomelry methods.

Lhiorophyta culture. Sssreshyis—ss—The culture media- used for Chiorpphvid so. was
a technical fertilizer media consisting of ZA, Urea, TSP, and Gandasil B. All technical

fertilizer ingredients were mixed in a 250 mL Eerlenme]rer and added to 100 mL of
distilled water and then homogenized on a hot plate using a magnetic stirrer and
sufficient heats=s, until all ingredients dissolved. The technical fertilizer media in the
Eesrlenmeyer was sterlized using an autoclave_at 121%C for 0.25 hour. Chiorophyta
isolates {about 107cell_-mi® in 10 mil stock culture) were put into an Earlenmeyer
conkaining 2 technical fertilizer media for liguid cutbure. They cultwred during 9 days—=at
ihe room temperature for scaling up to 1 Lises,

Preparation of fish rearing media. The container used in rearing was in the form of an
aguarium with a size of 30 x 30 x 30 cm’ as many as 24 units. The aguariums were
cleaned using potassium permanganate to be sterifized of diseases or parasites. The
aguarium was filled with 20 liters of swamp water.

Fish cufture test. The test organisms used in this study sss—were 12 snakehead fish
specimens of 5 £ 1 cm each wts—2-hesss—n—for 20 liters of water (Mulyadiz 2016).
Before stocking, acclimatize as an adaptation to the new environment to reduce stress on
the test organism. After 7 days of stocking, a treatment was applied. consisting in a
combination of Chéorephyta isolate (3.43-x-107 Esficell -LY), Bacillus sp. (10° CFU_-mL™Y),
Streptomyces sp. {10 CRU._. —mt. 1} as well a5 e PR{}MC nitrification bacteria (5-x
108 CRU-mi 1), wes

Rearing. The fish culture was maintained for 40 days sisk—wes—calculated after the
addition of the treatment. During rearing, they were fed at satiation with a frequency of
three tmes a day,_ by using—Relateuced 2za commercial pellets with 40% protein
content.

LChiorophyta abundance. Samplings were carried out at the beginning and end of the
study by subcompesite methods, in each treatment. Essed=-4 plankton net with 25 pm
mesh size mess—slaskssn—nee—was used for 5 L#ess of rearing media ssss—by #5
experimental unit (sample of 35 ml4s25—= samee,  Cheervatonof Chisreshvta
SRR [TICT s'-.,,,-e a"d Ihe Marine and Fresh Water Plankton”™ textbook were used &

- w-for the observation of the
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Jf.'?i'c.'nu.'wla SAMpIeSs [Daws— 1955] p‘.lio.mp.h:rta al:rum:lam:e calculation was 8=
performed by wsing the Leackey Drop Microtransect method (American Public Health
Associabion: 1989) as follows:
N=IZX .'E % -].'.- -
| L
Iefesmateniihere:
N = Total number {cell L)
£ = Number of individuals found
X = volume of filtered waker (25 mL)
Y = Volume 1 drop of sample water {0.05 mL)
W = volume of filtered waker (5 #ersl)
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Bacteria population_The Ssss5ss—Couniing of bacterial populations was performed at
the beginning and end of rearing with the plate count method wes—e—perermon a
multilevel dilution wesa—thes-incubated at a temperature of 28-30°C for 24 hours. The
growing population was determined in a colony forming unit (CFU) and cabculated using
the Following formula;

Totad of Bonizris = Tetnl of molonies X

dilwtion fn:mr n:!.sm'rwl_'

Biofioc volume, Bidfioc volume measurements were done on the 10 and 40 days after
rearing. The fFloc volume was obtained by s&skss-collecting a rearing media, by using a
glass cone 1L volume, then the fioc in the water media was left to settle in the bube for
15-20 minutes.

Survival rate. The percentage of fish survival was calculated b using the following
formuda:

et
E=‘flﬂ[:l"-'a Ll
No

Where:

Mz = Number of fish at the beginning of rearing (individuals)

M = Number of fish at the end of rearing (individuals)

Absolute weight growth, Growth of fish weight during rearing wass calculated &y using
the following formula;

W="Wt-Wo *
Where:
W = Growth of weight of fish for rearing (grams)
Wt = Weight of fish at the end of rearing (grams)
Wz = Weight of fish at the beginning of rearing (grams)

Absolute length growth,_The absolute length growth of fish during rearing was
determined by doing the following calculation:

L= Lt-Lg .
Where:
L = Growth of absolute length of fish for rearing {cm)
Lt = Length of fish at the end of rearing (cm)
Lo = Length of fish at the beginning of reaning {cm)

feed dﬁaenr.r . According to NRC (1977) feed efficiency can be caloulated by using the

EP= %‘“” _ % 100% :
NetelWhere: —_—

-EP = Fead EfseasyfMiciency (%)

Wt = Weight of fish at the end of rearing (gram)
Wo = initial fish rearing weight (gram)

D = Weight of fish that died during rearing [gram)
F = Amount of feed given (grams)

Water quality, Measurement of water quality data for snakehead fish rearing media
includes pH (pH meter), dissofved owygen (DO meter), ammonia (spectrophotometry),
and biological oxygen demand (DO meter) at the beginning and 40 days later, at the end
of the rearing, fe—d0daxws,

Data analysis._Research data including biofloc wolume, survival, growth, feed efficiency,
water quality were-was statistically araless-processed by using_the variance analysis-=
yasazca [f the results of the variance analysis efthaaranca show that the treatment
has a significant effect, then it is continued with the LSD test (the Least significance
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difference) 5%. Chlorophyta abundance data and the totaf bacterial population were
analyzed descriptively.

Result and Discussion

Chiorophyta abundance, total bacterial population and floc volume,_ Chlorophyia
abundance data on rearing media are presented in Table 1. Chiorophytz density at each
treatment decreased after 40 days of rearing, Freaddires—sHChlorophyta added in the
rearing media experiences death or predation. In rearing media, a food chain system
occurs between Chiorophyta and zooplankton (Figure 1), resulting in a decrease in the
pogpulation of Chiorophyta due to predation.

& f" -

. %
Figure 1. Bicfioc and Chlorophyta profile in the rearing media of snakenead culture in this-
study (40 magnification scale of microscope),

The pattern of the interactionrsstenshas between zooplankton and phytoplankton is &
series of eating and prey relationships— forming Featrastaschofomme the path of the
food chain. Phytoplankton as primary producers are eaten by zooplanktons; in tum
zooplanktons are eaten by small fish at higher trophic levels (Bouman gt ai= 2003).

Table 1+

Febt=—- Chlorophyta abundance in snakehead rearing media at 0, 10, 40 day L
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The total bacterial population #=-in the rearing media is presented in Table 2, the results
of the LSD test of the floc volume at ten and forty days a#%s=of rearing are showed in

Table 3 and Table 4, respectively.
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Table 2+
Taula2 Total bacterial population in rearing media .
Commercal .o Total bactenial population (CFU.ML")
bacteng  Mcrobes 0 day 1% day 20 day 407 day
Pl 6-60 x 10¢ 6578 x 10 155 x 105 620 x 10°
- P2 520 x 108 3-95x 10F 693 x 10F 277 x 105
] 700 %10 3:2Bx 105 753 x 105 301 x 105
P4 4-70x 10 5-59x 107 1-00x10° 299 x 10F
0 P1 7-A0x 10 201 x10° 3,54 x 100 142 x 10
7] 450 %10 3-29x 107 559 x 100  1-68x 106
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It is suepecedpresumed that cerfzinshe types of microonganisms are easia~predisposed
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40 days +5=—of rearing,_the cbservations showed that the treatment combination of
LChigrophyta, Bacillus sp., Srre,ntomyns sp. 2pd—without nitrifying bacteria are Formaitbed: Font- Tzic

determines the highest £ Sscvolume of fioc, 38.89 mL_-L*, but it is not significantly
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Mulyadi gt ak- (2016), where in treaiment with stocking density of 450 snakehead fish m™
3 which was kept for 41 days resulted in a fioc volume of 40.7_mL -1t F=isIt is
presumed that the rearing media lacks @ carbon source used by bacteria «==for the
fioc formation, According to Panigrahi gt ak (2019), #ancamel shrimp cultivation

without a biofloc system can produce a volume of floc of 4.53 mi: L which-+e=+is lower
than the cultivation of Ysannamel shrimp with a biofioc system, by adding molasses. Floc
thickness will continue to increase along with the provision of bacteria and carbon
sources that are continuously balanced with feed metabolic waste sss—# producngs
ammonia. The bacteria could bind to ammenia and will_form a biofloc (Sitohang gt al=
2018).

The results of the analysis of variance showed that the effect of the interacbion
between factors_and —sse-the gffect of the factors #Fdefined by the addition of swamp
originated microbes &—on_the survival of snakehead fish varied significantly #Fec=s
between treatments, but the factor s&gefined by the adding of commercial nitrification
bacteria had no significant effect. Based on further testing of LSD on microbial factors
from swamps, [0 _the rearing media ¢wes—reaied with a combination of Chiorophyta,
Baciflus sp. and Streptomyces sp., the survival rate wasess significantly higher than for
the other treatments.—sss=] Interactions between factors showed that in the rearing
media g=s—with 8 combination of Chlorophyta, Bacilles sp., Streplomyces sp. and
without commercial nitrification bacteria, the survival rate reached 63.94%. a
significantly_higher—d#erent performance compared to the other treatments—with—a

Based on the results of the survival percentage, it |5 showed that the combination
of swamp microbes is able to suppress unfavorable microbes, ssssesssasra-to Imorove
the water guality in the rearing media_ang- to increase se—that the snakehead fish
survival rafe—as—sussiys—wall - This is shown in the treatment of rearing media s+s#
consisting in @ combination of Chlorophyta, Bacilivs sp., Streptomyces sp, and without
commercial nitrification bacteria, which —ss+provided 2 snakehead fish survival rate of
63.94%. The combination of Bacilius sp. and Streptomyces sp. was able to provide more
protection against unfavorable microbes in the media, whess-the presence of Baaillus sp.
givinpes—effect to Streptomyces sp. to produce antimicrobial compounds. Luti s=2-5
Mavituna (2011) explained that Baciflus #2s—cultured together with Streplomyces zaa
increased the production of antimicrobial compounds when it was compared with the
single genus culture,

Tabie 5.+
LSD test of Survival Rate of Snakehead fish "

The Main
The Single Effect of The Single Infiuence of Swamps Effects of

Nitrifying  Bacteria Microbes (P) (LSDe.0s=6-02) Nitrifying

(M) Bacteria (N)
PL P2 P34

m 26-.06° 36.91° 28.03° 63.94° 38,74
#3715 503 35460 48200 35.79

N2

The Main Effects of
Swamp Microbes (P) 28.-91* 32-47° 31-59° 56-07°
(LSDo 25=4.-25)

The NiP1 treatment (without the addition of microbes from swamps_neither of
##8 commercial nitrification bacteria) was the treatment with the lowest survival value of
26.06% compared to other treatments. These resuits prove that the addition of swamp
origin microbes to rearing media can increase the survival rate of snakehead fish. This is
im line with the results of Hartini gt alk (2013),_suggesting that the addition of EM-4
probiotics to rearing media had a significant influence on the survival of snakehead fish.
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The average survival of snakehead fish with 10 ull" weel EM-4 probiotics {28-28-
96.66%tended to be higher, compared to control treatments (without EM-4 probiotics)
which was 8.89%. Budianto a=d—5 HepeSuprastyani (20017) state that the bacteria
Baciifus sp. has bacteriocin compounds with specific shascter—cathat oo inhibiting
gction on the growth of S. iniae and P. fluorescens. Streptomyces bacteria has the
potential to control pathogemic bacteria by means of compebition, parasitism or by
producing secondary metabolite compounds (Lutfi- 2018). The combination of the two
microbes can provide a high percentage of survival compared fo wsskest—= the no
combination_scenaric. According to Iranto sr4—8 Austin (2002), probiotic bacteria can
increase survival or reduce mertality through the development of the immune system-
sxck2c die to an imcreasing phagocyte and Fysozyme activity, thereby suppressing
pathogenic bacterial colonies. Sanchez gt ak (2014) states that probictics can increase
jmmune stimulation in fish, as_z protection against pathogenic bacteria that causes death
in fish culbure,

[Feed efficiency, absolute weight and length growth,_The results of the analysis of
the efficiency of varioussb-ef feed on the snakehead fish Feed-ﬂﬁlc—eﬁ-.—'f—shnwed that the
interaction between factors, the microbial addition factors from swamps and the addition
of commercial nitrification ba-cteria_ﬁ te—increase the walue of fish feed efficiency,
which is significantly affected &etwesr—by the treatment_tvoe and concentrations. LSD
test results of the efficiency of fish feed for 40 days of rearing are presented in Table 6.

Table 6.+
LSD test result of the efficiency of snakehead fish feed for 40 days of rearing .
The Mzin
The Single Effect of Mitrifying The Single Influence of Swamps Microbe  Effects of
Bacteria {N) {P) (LSDy.5:=3532) Nitrifying
" P2 P3 P4 (LSDq.0s=166)
N1 1883 47-34% 3797 596 4097
N2 22.00°F 29.52° 3485 44110 3263

The Main Hfeds of Swamp

b
Microbes (P) (LSDsge= 2.35) 200t 343 3643 5166

Based on these results, the effects of the different combinations on the snake heagﬂ fishe

I3

feed e“'i"""-.' could be vbSEF‘L' —ia Pt e

I:'eatment ,Lth___medm of neanng was: (1) significantiv higher without commercial
nitrification bactena wes—sesSssriy—aser—than -c‘ the tnzatment -;h-en—mfr

nitrification bactena— |2| SIGI‘IIﬁL‘EI‘ITI\' hvuher

iR with . 'h a :nmblnauun of Chinmph',rta Baai.lus 5D, and
—— e pared to other trestments and interactions

bemeen Facmrs.—' {3were |u.|| cant I'.' h.:lh—- e e
~ shes with @ combination of Chlorophyta,

Eaaﬂ'us sp Srrfptumr:es sp. and wlthnut commercial nitrification bacteria wess
n the resuits of other treatments. It is thought that seersis—ef
mamp I'I'II-I:I'L'IhES addad to the media enter the digestive tract of snakehead fish during
the process of respiration and wes—while eating. Chlorophyta that enters the digestive
tract could be a natural food source, while Baciius sp. and Streptomyces sp. which
enterad the digestive tract could be working together to improve their digestibility. High
digestibility in the feed will increase the absorption of nutrient, which at optimal levels-

Fohwitgrsr—wat—aad- will increase the value of Teed efficiency, favorising fish growih.

Baciifus sp. is @ bacterium that can increase digestibility because it can secrete profease,
lipase and amylase enzymes (Fardiaz; 1992).
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These bacteria can also prodwce antimicrobial compounds (bacteriecin and
antibiotics) that can suppress pathogenic bacterial colonies (Findy- 2009). Streptomyces
sp. i5 & genus of Actpesscatac actinomycetes that can produce various antibiotic
compounds. Streptomyces has the potential to control pathogenic bacteria by conducting
cnmpeﬂtlun pamsatsm or_by pmdul:mg secondary metabolites (Lutfi 201B). &

—THhe bacterium Bacillus sp. increases the value of
feed eﬂ'uer".' by secretang eni':yrmes that can #eseece—stimulate digestion, while
Streptomyces sp. secretes antibiotics ss—s<=—able to suppress pathogens, ss—tes—the
swefoth bacteria work together to improve the digestibility and immunity of snakehead
fish, which ultimately results in high feed effidency. Bacterial activity in the digestive
tract will experience ehasgec—rapid_fluciuabionsky whes—with thess—acamicrobes sk
entering Ehrough Feed or wata‘_a_d fhabﬁﬂmmanges in the jntestingl microbial
balanc - =g5e5, The entry of these microbes is
antagonistic Iu 'h_epaﬂ'-ngenlc mlcmhes uﬁa—d-gmn-sa-maﬂn the dlgeshve tmct of fish
S

S0 1aichun et gl T018: Naraesi et al, 2019).

Swamp microbial addition Factar, commercial nitrification bacteria addition factor,
and shelkinteractions between factors nfiuencedes the feed efficiency shewsd—in a
significantly different manner, depending on thessbsssss treatments. Based on the
results of the LSDges test (Table 7) on the main effect of the addition of commercial
nitrification bacteria, the srewsh-increase of the absolute weight of the snakehead fish 4
following the treatment of fhe rearing media was: [l srsscomrmess s RRiesteh
sassere—was—significantly higher without commercis! nitrification bacteria than e

ﬁaﬁne&t—gwen'.\'rh cummen:lat mmﬁcabnn IJHCtEﬂE‘ 2‘-— rnure 'r:mE's u n'.-.'th—t:he

cumbanatmn of Chlcrmph','ta Ban:m'us sp and Sn"eptmyres sp e@ﬁtﬁ-caﬂ-‘rh-eﬁe‘ew—man
with the other treatmenks;- [3) the best combination of Chiorophyta, Bacillis sp..

S:J'En:'rﬂ'l"lln"r.ﬂﬁ' sp0. and -'uthuur commercial nitrification bacteria t-ﬂn “he n}.her treatr"en's
'esulfs - -

; : but {4} not mnrﬁcamtly different from
the trealment resutts gwen a cumhmauon nt Chiorophyta, Bacillus sp. and without
commercial nitrifying bacteria.

Table 7.-
LSD 0.05 test results of growth in absolute weight of Snakehead fish +

The Main Effects of
The Single Infiuence of Swamps Microche
The Single EFfect O (p) (L5Do0en0-08)] : Nitrifying ~Bacteria

Mitrifying Bacteria (N) (N)

Pl P2 B3 P4 (LSDges=0:04)
i 13 b L7 257 180
N2 1575 1410 188! 2-08° 1-78°

The Main Hfeds of
Swamp Microbes (P) 158 1.4t 178 22000
{150, _:=005}

Based on the results of the variance analysis—sFsrsrss, swamos microbial addition
factor from-swaspsand interactions between factors significantly infiuenced the srewih
merease of the absolube length, but the factor of adding commerdal nitrification bactena
has no significant—effect—bebwvesn—trestments, The LSD results of growth in absolute
fength of snakehead fish are presented in Table 8.

Table 8.-
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LSD» test results for growth in the absolute length of snakehead fish .

The Single Influence of Swamps Micrabe The Main Effects

The Single Effect of (P} (LSDy..=010 of Nitrifying
Nitrifying Bacteria () d ) Bacteria ()
Pl P2 P3 P4
Nl 0-69¢  1-7%  0-91F 2227 2.17
M2 17130 108 1600 174 200

The Maln Effects of
Swamp Microbes  [P) 0-91F 0 1-44F  1-26F 2000

The main influence of the addition of microbes_on: the srewts—increase of the
absolute length of snakehead fish in the treatment of rearing media sse-weregisemnith
a combination of Chlorophyta, Bacillus sp. and Sireptomyces sp. wess—was significantly
different than-tk= in other treatments. T2=-the influence of interactions between factors
on the jncrease of the absolube length ssewsR—of snakehead fish was significantiv higher
in the treatment of rearing media with & $hatwere—srer—s-combination of Chiorophyta,
Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria ===
sgsfeapsyrigierthan the o fhe results of the other treatments.

The addition of & combination of swamp microbes and commerdial nitrification
bacteria gave significant results on the geewsh-increass of absolute weight and absolute
length—srets, The highest absolute weight and length ssswsh—increase s—thawas
produced by the treatment of rearing media wess—sies—apith 8 combination of
Chiorophyta, Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria,
and lowest #-Dy the treatment without the addition of microbes. Tb-ls-v-ﬂa-aﬂan-a-b&he
treatment without the addition of microbes |s thought fo be .he less effective in S=fems
gerfasmanes—of absorption of nutrients in the feed, w&
optimal growth, compared to the other reatments. In the treatment of N1P4, swamp
microbes added to the media could be entered into the digestive tract of 5nakeh=ead fish
during the respiration process amd when eating. These microbes break down complex
:ernpounds into simpler_ones and increase digestibility of feed—arg. by sscslerate
accelerating the process of absorption of the food-By—resk=bady. The sescprnssl
s-ha-work of probiotics in aguacuiture is the ability of mlcmhem to break down
eng—snmns—si— of proteing, sssbehsdsstes—polysacangss, &5 s and s
resistance in fesdaguaculbure sysiem (de melo Pereira et al. EE.SHFﬂ-Ha-Fe—aﬂa-Se-wa&'-
2004), The addition of 10* CFU.mL?! probiotics to rearing media gave—the
eresshincreased the lenoth and weight of tiger shrimp larvae,_compared (o the ketwears
Righersha=—controls (Widamani gt al= 2010)._B. iicheniformis at 10° cfu/ml* in the
rearing media of P. hypophthalmus showed significant increase in the growth, immune

and antioxidant responses compared to 107 cfu/mlt {Gobi et al, 2016},

Dissolved oxygen and ammaenia in the rearing media,_The resuits of the analysis of
variance on day 0 showed that the factor of commercial nitrification bacteria, swamp
microbes and the interaction between the factors did not significantly influence the
dissolved oxygen content (Table 9). At 5 and 10 days after rearing start, the factor of
commercial nitrificabion bacteria and swamp microbes significantly affected the dissolved
owygen content, but the interaction between the factors had ne significant effect.

The results of dissolved oxygen in the rearing media at 5 and 10 days afters
rearing start showed thater the main eﬁact uf th-e a.ddttmn nf ccrmmerna! nltﬁﬁt&tlun
ba-ctena was si nl"a"th- Ira 58

bacteria.
The main influence of the addition of mu:robes from swamp *:rﬂeral-eeﬁ—tP-:-lcr “1&
dlssnlved u:n,rgen in me reannvg medla - - e
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Streptomyces so. [P4) sker-between other treatments. with someething mare SIGNIRCART fom the results interpresation
Table 9.+ | Commented [WAI19]: Plezse make the secessary adjustments
LSD test result of dissolved oxygen in the rearing media . using e previoes tables as models.
 Formatted: Right

Dissodved Qxygen (mg.17) Foamatted: Centered

Days after rearing L

1] 5 1n 5 20 23 30 35 40
L5D 0-18 0-14 0-14 0.-18 0.-18 0.-18

NiP1 360 3:53 33553 340 310 3o 20T 2T 267
+0s1 0-1 0.1 E0-1 sl +0-1 051 +0.-1 -1

N1PZ 363 3:53 3,53 3.3 293 A 277 25T AT
=1 051 1 EOSR Hiz1 +0.:1 0.1 +0.-1 20.-1

367 3.5 347 333 303 203% 287 2.67% 2.5

MR i 002 303 0.0 00 #8430, d0.0 3040
wipa 3557 3570 3560 3600 350 3400 3400 3200 30
01 #0-1 #0-1 #0-1 201 2 #0-1 0 201 #0-F  E0-1
jgpy 38 343 343 3AF 2AF 2IF 260 247 237
+0-1  #0-1 #0101 =01 #0010 0.1 0.1 201
wopa 3557 347 347 333 30F 283 14T 2.67% 257

0.1 0.1 0.1 #0101 #0.1 #0-1 0% =01
opz 3593 343 333 3ar 30 300 290% 270 260

0.1 #0-1 0.1 #0101 #0.1 #0-1  #0-1  £0.1
sopy 3567 3563 353 3406 3300 320¢  3.20° 3000 2900

0.1 0.1 0.1 #0-1 3001 #0.1 0.1 #0010
15D D08 008 009 007 007 009 0409 009

N1 362 3-58° 3.5 S509° 2 3-14° 304 3 00°F  2B0P 270
N2 360 349 344 493 3INF 2B+ FAH1F  p-Fi= 2-61°
LSD D;i1 011 03 0-10  0:10  0;13  0-13  0-13

Pl 362 348 3.48F 337 197 2 18F 1.8F 146 2 1.5F
P2 360 3500 3505 399 2 20F 228 28 2463 2.5
3 160 3500 340 33 3 0F 297 188 268 259
P4 362 367 357 350 3407 3300 3-30° 3100 3P

Ss—2LTen days after rearing_siari, the P4 treatment had g significantly higher dissoived
oxygen content than the P3 treatment, but it was not significantly different from the P1
and P2 treatments. The factors of commercial nitrification bacteria, microbial s=gw
addition and their interaction sebwees—facterc—significantly influenced the dissolved

axygen content. The dissolved oxygen test on the 157, 207, 25, 307, 357 and 407 days ' Formatted: Superscript

are presented in Table 9.
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The results of LSD test on the 5, 10, 15, 20, 25, 30, 35 and 407 days on the main effect
of the addition of cornmerciai nitrification bacteria showed that the ammonia content in
the rearing media wHes—skeruith commercial mitrification bacteria was significantly
lower than in the treatments sstgs~=swithout commercial nitrification bacteria. The main
effect of the addition of microbes from the swamp skews—suggested that the ammonia
content in the rearing media Ssatwas—gheasyiith h a comhlnatlun of El'}lnmphfta Bacfﬂus
sp, and Streptomyces sp. was [he q n I
media sesfesrty-aersst comparad to the | uther treatma'rts The resurts of LSD on the
5,10, 15 and 20™ days, in the scenario of the interaction between factors, demonstrated
that the N1P4 treatment had significantly lower ammonia levels compared to the other
treatments, but not significantly different from N2P2 treatment. The results of LSD on the
25, 30, 35 and 40™ days in the scenario of the interaction between factors, suogested
that the N1P4 treatment had significantly lower ammonia levels compared to other
treatments, but not significantly different from N2P2 and N2P4 treatments.

Gafelabed to the factor of adding nitrifying bacteria, the lowest ammonia content
was observed in the treatment s==—s=awith nitrifying bacteria. It is se=pestedassumed
that the added nitrification bacteria are able to camy out the process of nitrification on
tihe rearing media. According to Rurangwa gt ak (2014), nitrification takes place through
2 reaction stages, where in the first stage the oxidation of ammonium to nitrite is carried
out by ammonium oxidizing microbes (Mitrosomonas sp.) and in the second stage nitrite
oxidation = performed by nitrite oxidizing microbes (Nitrobacter sp.). fs=Amona the
addition of swamp sss#-microbial factors, the lu'mst ammnnra cun{ent ‘h—'-‘-aﬁ nhsem::l
in_the treatment was—givenwith a n:am’nmahun s f
Chlumphyta, Bacn'Ius 5D, an-d Sn'epI:um}'ces sp. It is suspwed E’:Et the three mlcrabs
Id break down ammonia. Ammonia is the main
suun:e u! nitrogen in addrunn to nitrate, which could be used by microalgae for their
metabolic processes (Nurhayati gt als 2014), Baailus sp. could oxidize ammaonia to
nitrite through heterotrophic and chemotrophic processes (Edwards; 2011).

+~Among the stereserbesvess—factors  interactions, N1P4 treatment had the
lowest ammonia levels on the Sth day until the end of rearing,_——It was suspected that
microbes from the swamp ssswdeswere able to break down the organic material,
derived from feces or feed, into compounds that were not harmful to fish. The N1P4
results were not significantly different from the N2P2 and N2P4 results. In presence of
Tthe commercial nitrification bacteria in the same ecosystem as Badllus sp. and
Streptomyces sp., the nitrification process activity and the growth of nitrifying bacteria
are inhibited. Nitrifying bacteria (autotrophic bacteria) produce very small biomass and
stow growth. Nitrifying bacteria takes 12 hours to regenerate, whike heterotrophic
bacteria Bacillus sp. and Streptomyces sp. onky need 30 minutes (Ebifing gt al= 2006). If
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there is 3 limited nitrogen to carbon (high C:=N ratig), the nitrification process is mhibited
and heteroirophic bacteria develop rapidly, Heterotrophic bacteria will assimilate
ammonia directly into bacterial proteins, whss—betsssbapble bactaraand (hey will
develop rapidly. It will cause competition in the struggle for oxygen, space and nutrients
with autotrophic bacteria (Blancheton gt ai= 2013).

Amimonia levels in all treabments gave-iith microbes on 10th day to 20th day of
rearing, decreased and increased untll the 40th day. On the 10th to 20th day, it was
aspeebed-nenmed that the ammania sccumulation from metabolic waste had not et
occurmed-sa- Hsabtherelore [he microbes given to the rearing media were able to work
optimaily. On the 25* to 40™ day, it was supposspacted that the ammonia accumulation
from metabolic waste had been accumulated in the rearing media, so that the added
microbes sses-couldnt optimaily reduce their ammonia levels. Meanwhile, the treatment
without the addition of microbes (N1P1)} experienced an increase in ammaonia along with
the increase in the rearing time. Increasing ammonia kevels in the N1P1 treatment was
caused of the rearing without siphoning during 40 days.— It resulted |n & budldup of
organic material derived from metabolic waste and levels of ammonia in the rearing
media. The decomposing bacteria fram natieral swamp water e adied Lo the media have
nat been able to make an optimal decomposition,

MMMMHWMWWMM Bm'.u'ussp

guue In H'-Eh:ﬂ.ﬁ.wﬂlml m. ﬂw! el!lr.lml:!, und wwm ﬂmm IHH ﬂ.lh Jn

Swamp aquaculturer,_although there was not us ; gd_nitrification bactens, Bacilius and

2ireftompces were the best camblination of microbisl swamp for Striped shakehead
Hure in mp water aguacufture which Chi hyta as gr wiater system
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Optimization of striped snakehead fish (Channa
striata) culture using swamp microbial

combination and nitrification bacteria
Marini Wijayanti, Dade Jubaedah, Ocktin Yulistya, Tanbiyaskur, Ade D.
Sasanti

Aguaculture Study Program, Department of Fisheries, Faculty of Agriculure, Sriwijaya University,
Indradaya, Ogan [lir, South Sumatera, Indonesia. Corresponding awthor: M. Wijayanti,
mariniwijayanti@fp.unsri.ac.id

Abstract. Ubilization of swamp areas as fish culbure locations afters water qualty. Therefore, it is
mecessary toimprowe the water quaiity with emvironmental friendly bicdogical treatments, such as ihe
acdition of microbes & probiotics in media culture. The purpose of this study was o determine ihe
combination of microbes from swamps that can improve the water quality of the swamp fish cufiure and
produdion media. The research used Completely Randomized Design (CRD) fadioria® with two factors
consisting of the first factor with two freatments and the second factor with four ireatments and thres
replications. The first factor consisted of bwo soenanios: (L) without the addition of nitrification bacteria
(M1} and {2) with the addition of nitrification bacteria (PROBAC) 5x10° CFU miL? (N2). The secand Factor
consisted of four scenarios: (1) withowt the addition of swamp microbes (PL1} and with the addition of:
[2) Chioropfyta {3.43x107 sel L) and Bacifivs sp. (10° CFU mLt) (P2); (3) Chéorophyta (3.43x 107 sad -
*) and Streptomyces sp. (107 CFU miL™) (P3); (4) Chiorephyts (3.43x107 sel L), Bacius sp. [10° CFU
mL*) and Streptomyces sp. (10° CFU mL*) (P4). The result showed that the addition microbes from
swamps in the combingtion of NI and P4 treatment scenanios was able to improwe the water guality
value better than the other trestment scemarios, producing the best survival rate (63.94%), feed
efficiency {39.65%), absoiute weight growih {2.32 g) and absolute kength growth of (2.27 om],

Key Words: fish culture, biologicai treatments, probiofic, water quaity.

Introduction. The swamp aquaculture must improve and maintain the water quality for
fish rearing media, through environmentally friendly biological treatments, since the
wastewater of fish rearing on swamps reduces the quality of swamps water. One of the
treatments is adding probiotics in the rearing media. Irianto & Austin (2002) stated that
environmental damaging can be prevented with probiotics able to degrade the organic
materials in the habitat. Hartini et al (2013) showed that the addition of probiotics at a
dose of 10 pL L week! can improve and maintain optimal water quality. In other
studies, the addition of effective probiotic microorganisms can reduce ammonia levels
and suppress the population of pathogenic microorganisms from the culture media
(Trisna et al 2013).

Swamps have high biediversity, inciuding sediment microbes able to improve the
physical and chemical properties of their media. The identified swamp microbes include
Chlorophyta, Bacillus sp. and Streptomyces sp. (Wijayanti et al 2018). Bacteria (Bacillus
sp.) with concentrations of 105 CFU mL* (Khotimah 2018) and Chlorophyta microalgae
with the optimum concentration of 10% of the maximum density (Utami 2019) are able
to grow in the fish culture media and they can be used as environmental probiotics.
Chlorophyta is @ microorganism that can be used as green water in aguaculture media.
Wijayanti et al (2018) showed that the use of Chlorophyta increased the level of
dissolved oxygen in the pond culture media 60.52% and swamp water culture media
63.63%. The increasing dissolved oxygen is cawsed by Chlorophyta carrving out
photosynthetic activity which produces dissolved oxygen in the culture media. Bacillus sp.
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and Streptormyces sp. obtained are proteclytic bacteria that can Increase the content of
MWHz, NO3, and MOy into the media (Yuliani 2017; Saraswati 2018}, Balcazar et al {2006)
stated that Bacilius sp. is an example of efficient probiotic bacteria, used in aquaculture
because it is able to convert organic matter into C0; used In cell metabolism. Gram-
positive bacteria, such as Bacilius sp. can increase the animal immune system capabilities
and also act favorably in improving the guality of the water system (Mohapatra et al
2013). Bernal et al (2017) stated that the combination of Streptomyces sp. and Bacillus
sp. demaonstrated a significant immunomaduiatory activity by increasing the total number
of hemocytes and the activity of Superoxide Dismutase (50D}, which provides a
protective effect against Vibrio harveyi bacteria by increasing the Immunological status of
Penaeus monodon. Nitrifying bacteria are chemolitho-autotrophic bacteria (for example
Nitrosomonas sp., Nitrobacter sp.), which are able to meet their carbon needs through
C0; fixation (Calvin cycle), and their energy source comes from the oxidation process of
reducing ammania to nitrate. As an example, through the addition of nitrifying bacteria
and denitrification, the molasses with a C/N ratio of 10 could decrease in ammonia levels
by 28.5% (Yuriasar 2009).

Each of the swamp microbes and nitrifying bacteria has their own advantages and
disadvantages, therefore a consortium of swamp microbes and nitrifying bacteria would
be more effective The emergence of a consortium, expected to form cooperative,
commensal and mutualistic relationships between microbes, calls for an  optimal
combination of Baciliss sp., Streptomyces sp., Chlorophyta and commercial nitrification
bacteria, The punpose of this study was to determine combinations of swamp microbes
and nitrifying bacteria that can improve the water guality of media In swamp fish
production.

Material and Method

The experimental design used was a completely randomized factorial design (RAL)
consisting of 2 factors; the first factor with 2 treatments and the second factor with 4
treatments and 3 replications. The first factor is the addition of nitrifying bacteria
{PROBAC), namedy:

N1- without the addition of nitrifying bacteria {PROBAC):

M2 - with the addition of nitrifying bacteria (PROBAC) 5x 10* CFU mL*,

The second factor s the addition of swamp marobes, namely:

P1- without the addition of swamg microbes;

P2 - mdlmmmﬁmzaﬂxm’wwmmm {107 CFU mLy;

P3 - provision ulluﬂn-dﬂiunph\-m:a-nxm’cdnl: and Streptomyeces sp. {107 CFU mil1);
P4 - provision of 100 mi Chiorophyta (3.43x=107 cedl L), Baciius sp, (10° CFU mi7) and
Streptomyres sp., (105 CFU mLt),

Bacteria cultivation and propagation. Pure bactenal colonies were obtained from the
results of previous studies. The colony was cultivated using nutrient agar {NA) media for
Bacillus sp. and yeast malt {YM) agar for Streptomyces sp. Bacterial colonles were
scratched in 8 petri dish containing MA for Bacilfus sp. and YM media for Streptomyces
5p. using the quadrant streak method. Petri dishes were wrapped in wrapping paper and
incubated for 2 days at room temperature (28-30°C). A single colony formed on a petri
dish was transferred to the agar media and incubated until bacteria grew.

Swamp bacteria grown on NA and YM agar media were multiplied by nutrient
broth (NB) media for Bacilius sp. and liquid YM for Streptomyces sp. As much as 5 mL of
suspension were collected in a test tube in order to be cultured in the medium, and then
homogenized with a shaker for approximately 2 days for Bacillus sp. and 5 days for
Streptomyces sp., then multiplied from 5 mL to 500 mL. The concentrations of bacteria
were measured by Mc Farlan spectrophotometry methods.

Chiorophyta culture. The culture media used for Chiorophyts =p. was a technical
fertilizer media consisting of ZA, Urea, TSP, and Gandasil B. All technical fertilizer
ingredients were mixed in a 250 mL Erlenmeyer and added to 100 mL of distilled water
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and then homegenized on & hot plate using & magnetic stirrer and sufficient heat, until all
ingredients dissolved. The technical fertilizer media in the Erlenmeyer was sterilized using
&n autociave at 121°C for 0.25 hour, Chiorophyts isofates (about 107cel mit in 10 mil
stock culture) were put into an Erlenmeyer containing a bechnical fertilizer media For
Hguid culture. They cuftured during 9 days at the room temperature for scaling up to 1 L

of fish rearing media. The contalner used in rearing was in the form of an
squarium with a size of 30 x 30 x 30 cm® as many as 24 units, The aguariums were
cleaned using potassivum permanganate to be sterilized of diseases or parasites. The
aquarnum was filied with 20 L of swamp water.

Fish culture test. The test organisms used in this study were 12 Channa strista
specimens of 5] cm each for 20 L of water (Mulyadi 2016). Before stocking,
acclimatization was done as an adaptation to the mew environment in order to reduce
stress on the test onganism. After 7 days of stocking, a treatment was applied, consisting
of a combination of Chiorophyta isolate [3.43x107 cell L), Bacilus sp. {10* CFU mLt),
Streptomyces sp, {10% CFU mLt) as well a5 PROBAC nitrification bacteria (Sx10F CRImLT)

Rearing. The fish culture was maintained for 40 days caloulated after the addition of the
treatment. During rearing, they were fed at satiabon with a frequency of three times a
day, by using commercial pellets with 40% protein content.

Chiorophyta abundance. Samplings were carried out at the beginning and end of the
study by sub composite methods, in each treatment, Plankton net with 25 ym mesh size
was used for 5 L of rearing media by experimental unit (sample of 25 mL), A microscope
and *The Marine and Fresh Water Plankton™ textbook were used for the observation of
the Chiorophyta samples (Davis 1955). Chlorophyta abundance calculation was
performed by using the Leackey Drop Microtransect method (American Public Heaith

Association 1989) as follows:
X i
HaEns¥y
Where:
N - total number {cell L');
Z - number of individuals found;
X - volume of filtered water (25 mL);
Y - volume 1 drop of sample water (0.05 mL);
V - valume of filtered water (5 L).

Bacteria population. The counting of bacterial populations was performed at the
beginning and end of rearing with the plate count method on a multileved dilution
incubated at a temperature of 28-30°C for 24 howrs. The growing population was
determined in a Colony Forming Unit (CFU) and calculated using the following formula
G 1 i

Tote!l of Bacterin = Tate! of relonies .Jihumwfmxmf.rmwb

Biofloc welume. The biofloc volume measurements were done on the 10 and 40 days
after reanng. The flac volume was obtained by collecting a rearing media, by using &
glass cone 1L volume, then the fioc in the water media was left to settle in the tube for
15-20 minutes.

Survival rate. The percentage of fish survival was calculated by using the following
formula (...

Nt
= | (M1
Mo

Where:
Mo - number of fish at the beginning of rearing (individuwals);
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N - number of fish at the end of rearing {individuals).

Absolute weight growth, Growth of fish weight during rearing was calculabed by wsing
the following Formusa (_):
W o= W - We
Where:
W - growth of weight of fish for rearing {grams);
Wt - weight of fish at the end of rearing (grams);
Wo - welght of fish at the Beginning of reanng (grams).

Absclute length growth. The absolube lemgth growth of fish during rearing was
determined by doing the following calculation (..):
L= Li-Lo
Where!
L - growth of absolute length of fish For rearing (cm);
Lt - length af fish a1 the end of rearing (cm);
Ly - length of fish at the beginning of rearing {em).

Feed efficlency. According to NRC (1977) feed efficiency can be calculabed by using the
farmuta:
Hm ) - Wa)

EP = * 100%

Where:

EP - Feed efficiency (%);

Wt - Weight of fish at the end of rearing (gram};
Wo - initial fish rearing weight (gram};

D - Weight of fish that died during rearing (gram};
F - Amount of feed given {grams).

Water quality. Measurement of water quality data for C. striala rearing media included
pH (pH meter), dissolved oxygen (DO meter), ammonia [spectrophotometry), and
bialogical cxygen demand (D0 meter) at the beginning and 40 days later, at the end of
the rearing.

Data analysis. Research data including blofloc volume, survival, growth, feed efficiency,
water quality was statistically processed by wusing the variance analysis, If the resufts of
the variance analysis showed that the treatment has a significant effect, then it was
continued with the LSD test (the Least significance difference) 5%. Chiorophyta
abundance data and the total bacterial population were analyzed descriptively.

Results and Discusslan

Chiorophyta abundance, total bacterial population and floc velume. Chlorophyta
abundance data on rearing media are presented in Table 1. Chiorophyta density at each
treatment decreased after 40 days of rearing. Chiorophyta added in the rearing media
experiences death or predation. In the rearnng media, a food chain system occured
between Chiorophyta and zooplankton (Figure 1), resufting in a decrease in the
population of Chiorophyta due to predation.

- "' T, o
. r-l-". e
) J"‘“\-
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- g o & .‘
Figure 1. Biofloc and Chiorophyta profile in the rearing media of C. striala culture in this
study (40 magnificaton scale of microscope).
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The pattern of the Interactions between zooplankton and phytoplankton is a series of
eating and prey relationships forming the path of the food chain. Phytoplankion as
primary prodiucers is eaten by Zooplanktons, i turn Zooplanktons are eaten by small fish
at higher trophic levels (Bouman et al 2003},

Table 1
Chilorophyta abundance in Channa striata rearing media at 0, 10, 40" day
Commercial ) Chiorophyta abundance fell L)
n.rtnﬁcat_mn Swamp microbes 0 day 107 day 40 day
bacteria
P1 3.20%10¢ 3.20%10¢ 210107
Ni P2 3.60=107 3.43x107 4,10=10°
r 4 10=10° 3.43=107 4.10=10°
P4 3.70=107 3.43x107 4.46x10°
[ 4.00x 107 4 0x103 2.10x103
N2 P2 3.60=10° 3.43=107 241x=107
P3 390100 343107 2.34=10%
P4 3.40x107 343107 4,03x10°

The total bacterial population in the rearing media is presented in Table 2, the resuits of
the LSD test of the floc volume at ten and forty days of rearing are showed in Table 3
and Table 4, respectively.

Table 2
Total bacterial population in the rearing media
- - —
Eumgrﬂr;! Swamp Total bjcren'a-r papulation (CFU miL-1)

Bacteri microbes 0 day 1% day 20 day 40 day
F1 6.60x 107 6. 78x 107 1.55x10° 6.20x107

N1 P2 6, 20=10 3.95x 108 6.93x=108 2.77=10°
P3 7.00x10¢ 3.2Bx 108 7.53x10% 3.01x10%

P4 4. 70x10* 5.59x 107 1.00x 108 2.99x10°

Pi 7.10x10% 2.01x107 3.54x 107 1.4Zx10F

N2 P2 4. 50=10 3.29x107 5.59x=107 1.68=108
F3 4.30=10° 4.93x107 6.41x107 1.93x10%

P4 4.95=10% 4, 70107 B.75x107 4,06x10°

Based on Table 2, the total bacterial population Increased on 20™ day and decreased until
the 40 day. The Iincrease in population on the 207 day can be caused by adequate
nutrients addition [n the rearing media, stimulating the metabolic activity and growth of
the bacteria and Actinomycetes, while the decline of bacteria population observed on the
40" day could be caused by the nutrient depletion [macronutrient and micronutrient) in
the water.

Related to the factor of nitrification bacteria, the results of LSD at 10 and 40 days
after rearing start showed that the volume of floc In the media without treatment was
significantly higher compared to the treatment with nitrification bactenia. The addition of
nitrifying bacteria cannot increase the volume of fioc, because there were less exhausted
bacteria in the media. The bacteria need more substrate from unconsumed feed of fishes,
while the nitrifying bacteria accelerated the process of dissolving nitrogenous organic
matter from the waste. Related to the factor of microbial addition from swamps, the
volume of floc on the media treated with a combination of Chlorophyta, Bacilfus sp. and
Streptomyces sp. significantly showed higher levels compared to other treatments.
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Table 3
The results of LSD test of the foc velume in the rearing media at 10 days of rearing

The single influence of swamps microbes  The main effects of

The single effect of . .
by : {P) {LSDp s =727) nitrifying bacteria (N)
Ritrifying bacteria (W) — 55 B2 5] ] {1.SDq gy=4.386)
51 11.111 16,666 13.332  16.668 16,9445
N2 10.000 10,000 13.332 _ 16.667 12.500¢
The main effects of
swamp microbes (B 10.558* 13.333* 133312 21667 7
{L5Dy3:=3.102)
Table 4

The results of LSD best floc volume of rearing media at 40 days of rearing

The single influence of SWamps microbes The main effects af

The single effect of " .
€5 : (P) (L5Dy 36631 ritrifying bacteria (N)

nirifying hacteris (N) —x; P2 3 4 (15D 04w 3.315)
i 11112 26.667° 16.667" 38.88%° 25,834
NZ_ 13,333 13333 233338  33.33% 20,833+

The main cifects of
swamp microbes (P 12,223 20.000° 20.000% 41.111° i
{L5Dy 1 =4.689)

It is presumed that certain types of microorganisms are predisposed for flocs forming.
Reiated to the infiuence of interactions between factors at 40 days of rearing, the
observations showed that the treatment combination of Chiorophyta, Baciius sp.,
Streptomyces sp. without nitrifying bacteria determined the highest volume of floc, 38.8%9
mL L% but It was not significantly different from the treatment combination of
Chilorophyta, Bacilus sp., Streptomyces sp. with nitrifying bacteria. The volume of floc in
this study was lower than the study from Mulyadi et al (2016), where in treatment with
stocking density of 450 C. striata m? which was kept for 41 days resulted in a floc
volume of 40.7 mbL L. It is presumed that the rearing media lacks a carbon source used
by bacteria for the floc formation. According to Panigrahl et al (2019}, Liopenaeus
vannamei cuttivation without a bofloc system can produce a volume of floc of 4.53 mL L
' which is lower than the cultivation of L. vanname with a bioftoc system, by adding
maolasses. Floc thickness will continue to increase along with the provision of bacteria and
carbon sources that are continuously balanced with feed metabolic waste producing
ammonia. The bacteria could bind to ammonia and will Torm a blofloc (Sitohang et al
2018).

The results of the analysis of vanance showed that the effect of the Interaction
between factors and the effect of the factor defined by the addition of swamp originated
microbes on the survival of C, striata varied significently between treatments, but the
factor defined by the adding of commercial nitrification bacteria had no significant effect,
Based on further testing of LSD on microbial factors from swamps, in the rearing media
treated with a combination of Chlorophyta, Bacillvs sp. and Streplomyces sp., the
survival rabe was significantiy higher than for the other treatments, Interactions between
factors showed that in the rearing media with & comiination of Chiorophyta, Bacilus sp.,
Streplomyces sp. and without commercial nitrification bacteria, the survival rate reached
63.94%, a significantly higher performance compared to the other treatments.

Based on the results of the survival percentage, it is showed that the combination
of swamp microbes is able to suppress unfavorable micrebes, bto improve the water
guakity In the rearing media and to increase the C. striata survival rate. This |s shown in
the treatment of rearing media consisting in a combination of Chlorophyta, Baciiius sp.,
Streptomyces sp. and without commercial nitrification bacteria, which provided a C
striate survival rate of 63.94%. The combination of Bacilus sp. and Streplofmpces sp.
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was able to provide more protection against unfavorable microbes in the media, the
presence of Baciiius sp, giving effect to Strepfomyces sp. to produce antimicrobial
compounds, Luti & Mavituna (2011) explained that Bacilus cultured together with
Streptomyces Increased the production of antimicrobial compounds when it was
compared with the single genus culture,

Table 5
L5D test of survival rate of Channa siriats

i THE SINGUE INTILETICE OF SWAmDs MICTODES  THE Main ENecs of
The single effect of £
nitrifying bacteria (N) ——e—ClleD0e=008) mrml:y;ng bacteria ()

[ [Fi ] =]
N1 26.05" 36,918 28,03 6340 38.74
N2 31.75% 28.03" 35.160 48,20 3579
The main effects of
swamp microbes (P) 28.91* 32.47 31.59% 56.07 w
[LSDpos=4,25)

The NIP1 treatment [without the addition of microbes from swamps, neither of
commercial nitrification bacteria) was the treatment with the lowest survival value of
26.06% compared to other treatments. These results prove that the addition of swamp
origin microbes to rearing media can increase the survival rate of C, striata. This is in line
with the results of Hartind et al (2013), suggesting that the addition of EM-4 probiotics to
the rearing media had a significant influence on the survival of C. striata. The average
survival of C. striata with 10 pL L't week® EM-4 probiotics 96.66% tended to be higher,
compared to control treatments (without EM-4 probeotics) which was 8.89%. Budianto &
Heny (2017 stated that the bacteria Bacius sp. has bacteriocin compounds with specific
Inhibiting action on the growth of 5. iniae and £. Auorescens. Streplomyces bacteria has
the potential to control pathogenic bacteria by means of competition, parasitism or by
producing secondary metabolite compounds (Lutfi 2018). The combination of the two
microbes can provide a high percentage of survival compared to the no combination
scenario. According to Imanto & Austin (2002), probiothe bacteria can Increase the
suryvival or reduce mortality through the development of the immune systerm due to an
increasing phagocyte and lysozyme activity, thereby suppressing pathogenic bacterial
colonies. Sanchez et al (2014) stabed that probictics can increase immune stimulation in
fish, a5 a protection agalnst pathogenic bacteria that causes death In fish culture.

Feed efficiency, absolute weight and length growth. The results of the analysis of
the efficiency of warious feed on C. striata showed that the interaction between factors,
the micrablal addition factors from swamps and the addition of commercial nitrification
bacteria, can increase the value of fish feed efficiency, which is significantly affected by
the treatment type and concentration. LSD test results of the efficiency of fish feed for 40
days of nearing are presented in Tabie 6.

Table 6
L5D test result of the efficiency of Channa striata feed for 40 days of rearing

The single INTILENCe of SWamps microbes  The main emects of

The single effect of i
nitrifying bacteria (N) —p= fPJszLSEw—.?.‘fz} = ""'Tr,m"’ bacteria (N)
M1 1893 47.349 3797  55.65° 40.97¢
N2 22.000 29,520 34,83 44,119 32.63*
The main effects of
swamp microbes (F) 20.474 38,438 J6.430 5i.8B° 20.47
[LE-Dﬂus-ZJE]

AACL Beoflur, 2020, Wodume L3, Tnsue 2.
it vewew. Blofyx Lom myaac]

| Commanted [WUS): 1777



Based on these results, the effects of the different combinations on the C. striata feed
efficiency could be observed. The value of the C. striata feed efficiency in the treatment
of the media of rearing was: (1) significantly higher without commercial nitrification
bacteria than for the treatment with nitrification bacteria; {2) significantly higher with a
combination of Chlorophyta, Bacilivs sp. and Streptomyces sp., compared to other
treatiments and interactions between factors; (3) significantly higher with a combination
of Chiorophyta, Bacilus sp., Streptomyces sp. and without commercial nitrification
bacteria than the resufts of other treatments. It is thought that swamp microbes added to
the media enter the digestive tract of C. strata during the process of respiration and
while eating. Chiorophyta that enteérs the digestive tract could be a natural food source,
while Bacilus sp. and Strepfomyces sp. which entered the digestive tract could be
working together to improve thelr digestibility, High digestibility in the feed will increase
the absorption of nutrient, which at optimal levels will increase the wvalue of feed
efficlency, favoring fish growth. Bacilius sp. Is a bacterium that can Increase digestibility
because it can secrete protease, lipase and amylase enzymes (Fardiaz 1992).

These bacteria can aiso produce antimicroblal compounds (bacteriocin and
antibiotics) that can suppress pathogenic bacterial colonies {Findy 2009). Streptomnyces
sp. |5 & genus of actinomycetes that can produce various antiblotic compounds. It has the
potential to control pathogenic bacteria by conducting competition, parasitism or by
producing secondary metabolites (Lutfi 2018). The bacterium Baciius sp. Increases the
value of feed efficency by secreting enzymes that can stimulabte digestion, while
Streplomyces sp. secretes antiblotics able to suppress pathogens. Both bacterla work
together to improve the digestibility and immunity of C. striata, which ultimately resuits
in high feed efficiency. Bacterial activity in the digestive fract will experience rapid
fluctuations with microbes entering through feed or water and causing changes in the
intestinal microbial balance. The entry of these microbes |s antagonistic to the pathogenic
microbes In the digestive tract, improving growth, protein efficiency ratio and feed
efficiency (Mighun et al 2018; Nargesi et af 2019).

Swamp microbial addition factor, commercial nitrification bacteria addition
factor, and Interactions between factors influenced the feed efficiency in a significantly
different manner, depending on the treatment. Based on the results of the LSDaes test
(Table 7) on the main effect of the addition of commercial nitrification bactera, the
increase af the absolute weight of C. striata following the treatment of the rearing media
was: (1) significantly higher without commercial nitrification bacteria than with
commercial nitrification bacteria; (2} significantly higher with the addition of a
combination of Chiorophyta, Bacilius sp. and Streptomyces sp. than with the other
treatments: (3) significantly higher than the other treatments’ results with a combination
of Chiorophyta, Bacilus sp., Streptomyces sp, and without commercial nitrification
bacteria, but (4) not significantly different from the freatment results given a
combination of Chlorophyta, Bacilus sp. and without commercial nitrifying bacteria.

Table 7
LSD 0.05 test results of growth in absolute weight of Chamna siriata

The single Influence of swamps microbes The main effects of

The single effect of - =
p ; (P} (L5Dn0s=0.08) mitrifying bacteria (N)

nitrifying bacteria (N) —pg [ P3 ] 15Ds.0s=0.04
WL 1.30° 2.260 L/ R 5 ¥ L _LFEEF)_
N2 1.73 1,416 1.88¢ 2.08° 1,78¢

The main efects of

swamp microbes (P) 1.510 1.84° 1.700 2.20¢ 1.510

(LS Dy p:=10.05)

Based on the results of the varlance analysis, swamps microbial addition factor and
interactions between factors significantly influenced the increase of the absolute length,
but the factor of adding commerdial nitrification bacteria has no significant effect. The
LSD results of growth in absolute length of C. striata are presented in Table 8,

ABRCL Biofux, 1020, Volume 13, Tsspe 1 8
i fiedd Sl e e aasl

| Commented [WUT] hiher?




Table &
LSO test results for growth In the absalute kength af Channa striata

The single effect o 1T SNGIE nfluence of swamps microbes The main effects of

| Commantsd [WUR): 7

e ; (P} {LSDaes=0,10) nitrifying bacterla (N)
mtnilying bactecs (M) —5; Pz P3 P L50y i=
N 0.6  179¢ 090 2.27 2.12
N2 113 108 160F 174 2.03
The main effects of
swamp microbes (P)  0.91¢ 1445 126" 2,000 0.91°
(LS os=0.07)

The main mfluence of the addition of microbes on the increase of the absolute length of
snakenesd fish in the treatment of rearing media with a combination of Chisraphyta,
Bacilius sp. and Streplomyces sp, was significantly different than in other treatments.
The influence of interactions between factors on the increase of the absoelute length of C
striata was significantly highar in the treatment of rearing media with a combination of
Chiorophyta, Bacilus sp., Streptomyces sp. and without commercial nitrification bacteria
than the in the results af the other treatments,

The addition of a combination of swamp microbes and commercial nigrfication
bacteria gave significant results on the Increase of absolute welght and absolute length,
The highest absclute weight and length Increase was produced by the treatment of
rearing media with a combination of Chiorophyta, Bacilius sp., Streplomyces sp. and
without commerdial nitrification bacteria, and the lowest by the treatment without the
sddition of micrebes. The treatment without the addition of microbes is thought o be the
less effective in terms of absorption of nutrients in the feed, causing & sub-optimal
grawth, compared bo the other treatments. In the treatment of N1P4, swamp microbes
added to the media could be entered into the digestive tract of C sfrisfa during the
respirathon process and when eating. These microbes break down complex compounds
into simpler ones and increase digestibility of feed, by accelerating the process of
absorption of the food. The work of probiotics in aguaculture is the ability of microbes to
break down proteins, polysacarides, lipids and stress resistance in agquaculture system
(ge melo Pereira et al 2018}, The aodition of 10° CFU mL! problotics to the rearing media
increased the and weight of tiger shrimp larvae, compared to the controls
[Widarnani et al 20101, B Kcheniformis at 10° CPU mL? in the rearing media of P.
hypophthaimes showed a significant increase in the growth, immune and antioxidant
responses compared to 107 mL! (Gabl et al 2016).

Dissolved and ammonia in the rearing media. The results of the analysis of
varance on day 0 showed that the factor of commercial nitrification bacteria, swamp
microbes and the interaction between the factors did not significantly influence the
dissolved oxygen content (Table 9); At 5 and 10 days after rearing start, the factor of
commercial nitrification bacteria and swamp microbes significantly affected the dissolved
oxygen content, but the interaction between the factors had no significant effect,

The results of dissolved oxygen In the rearing medla at 5 and 10 days afier
rearing start showed that the main effect of the addition of commerdal nitrification
bacteria was significantly lower than without commercial nitrification bactaria.

The main Influence of the addition of micrebes from swamp on the dissolved
oxygen in the rearing media was the best for dissolved oxygen concentration in culbure
media with a combination of Chiorophyta, Bacilus sp., and Streptomyces sp. (P4), than
in other treatments.
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Table @
LSO test result of disselved oxygen in the rearing media

Dissolved axygen (mg L)
Days after rearing
[1] 5 10 15 20 25 30 35 40
LSD 0.18 0.14 0.14 0.18 0.18 0.18

3.60 3,53 353 3.4 3.10¢ 3.00F 2,97 .77 2.67°

NIPL  So1 201 #01 #01 01 *01 #01 #01  #0.1
N1P2 3.63 363 353 323b 293w 2830 Fye J AP 3 47
£0.1  £0.1 0.1 0.1  #0.1  £0.1 201  $0.1 401
wipz 367 387 347 333 303 293¢ 287  267% 257
301 402 +02 401 401 01 01 401 401
nips 357 370 360 360 350 340 3400 3200 3100
0,1 +0.1 0.1 201  #0.1  #01 201  $01  #0.1
NZF1 3.63 343 343 313 2.832 .7 2.8 2478 2.37e
£0.1 £01 0.1 01 0.1 01 #0101  #0.1
nopz 357 347 347 333 303 293% 2877  267% 257

0.1 0.1  +0.1 0.1 0.1 +0.1 +0.1 +0.1 +0.1
Nzpy 03 343 333 3aT A0 3000 290 R0% a6l
0.1 0.1 0.1 10.1 0.1 10.1 0.1 10.1 +0.1
N2Pa 3.57 631 353 3.40¢ 330 3200 3.20¢ 3.00¢ 2.50°
0.1 0.1 +0.1 0.1 0.1 +(.1 0.1 £0.1 +0.1

L5D 0.08 0.08 0.09 0.07 0.07 0.09 0.09 0.09
N1 3.62 3.58% 3,53 509 3.14% 3,048 3.008 2,808 2.708
N2 3.60 349 344 493 3.07* 2.9 2.91* 2.71* 2.61*
_1sD 011  0.11 0.13 0.10 0.10 0.13 0.13 0.13
P1 3.62 348+ 3Jgg= 3N 2.9m 280 2.820 2.62¢ 2.52*
P2 3.60 .50 350 3.28° 2.98* 2.88" 2.82° 2.62° 2.52°
F3 3.60 3500 3400 3300 3om 2.9 2.88* 2.68¢ 2.58*
Py 362 367 35/ 3500 3.400 3, 30F 3.300 3.10° 3.00°

Ten days after rearing start, the P4 treatment had a significantly higher dissolved cxygen
content than the P3 treatment, but it was not significantly different from the P1 and P2
treatments, The factors of commercial nitrification bacteria, microbial addition and their
interaction significantly influenced the dissclved oxygen content. The dissclved oxygen
test on the 15, 20, 25, 30, 35 and 40" days are presented in Takle 9,

Ammonia analysis results on day O were not significantly influenced by the Tactor
of commercial nitrification bactena, addition and their inkeraction. The variance analysis
resifts on days 5, 10, 15, 20, 25, 30, 35 and 40 showed that the factor of commercial
nitrificabion  bacteria, microbial addition and their interaction significantly affected
ammonia content. They are presented In Table 10, The results of LSD test on the 5, 10,
15, 20, 25, 30, 35 and 40 days on the main effect of the addition of commercial
nitrification bacteris showed that the ammonia content in the rearing media with
commercial nitrification bacteria was significantly lower than in the treatments without
commercial nitrification bactena, The main effect of the addition of microbes from the
swamp suggested that the ammonia content in the rearing media with a combination of
Chiorophyta, Bacilus sp. and Strepfomyces sp. was the best for reducing ammonia
conoentration of rearing media compared to the other treatments. The resufts of LSD on
the 5, 10, 15 and 20™ days, in the scenario of the interaction between factors,
demaonstrated that the N1P4 treatment had significantly lower ammonia levels compared
to the other treatments, but not significantly different from N2PZ treatment. The results
of LSO on the 25, 30, 35 and 40™ days in the scenario of the interaction between Factors,
suggested that the N1P4 treatment had significantly lower ammaonia levels compared to
other treatments, but not significantly different from N2P2 and N2P4 treatments.
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Table 10
LSD test results for ammonia every 5 days on the rearing media

Mean of 3mmonia concentration (g L)
Days afler rearing
1] 5 10 15 ECI 25 30 35 A0
150 00130013 0014 003 0020 0021 0019 0022
wpr 020 D38F 039F 04100 032F 05407 0674 069 0946

£0.07 001 2001 001 00 .01 .01 2001 002
NiF2 0323 027¥ 03B¥y 022F¥ 020 029 0340 0321 03

#).03 001 001 001 001 0,01 #0001 #0010
wipy D283 D25 O267 0200 0097 038F  O4Er 0505 063
.01 #0017 001 H0m 001 #0.02 #)02 001 002
0257 0220 02300 0A7P 0147 0.243 02600 0265 0270
#01 001 2001 00 0N #Ho2 #0022 002 2002
0230 0325F 0263 020F 0153 0.28= 036F 038 039
#01 #0010 001 001 00 H#H02 002 001 002
0290 0233* 0243 018 OGP 0.250° 0268 0273 o02Te
04 001 2001 0 M .01 Hid 001 0M
0250 027F 028 02EF  QUEr 027 02960 03000 0306
#0.02 #0001 2001 =001 £00 0,01 #0.01 #0001 001
0303 0437 O0AMF 0187  016F 02500 0268 027 0.27F
#003 £001 2001 001 0.0 #0.01 01 001 #0010

0231 028F 02287 025 021 036F 0432 Q466 0558
0268 D250¢ 02600 02000 O17E 0265 0799 0308 0313

0.000 0009 0010 0008 0.014 0045 0013 0018

0260 031 O0326° 030 02600 0411° 0518 053 06°
0307 0253 02637 0203 018F 027F 0281 0297 03000
0267 D267 027 o21F  01%F 0320 038 O4F 049

N2P1
N2P2

N2P3

MN2Pg

LSD 0006 0006  0.007 0.006 0.010 0.011 0.010 0.011
N

N2

=)

Pl

F2

P3

P 0285 023 023 Q179 01559 047 0260 0269 0.374

Refated to the factor of adding nitrifying bacteria, the lowest ammonia content was
observed In the treatment with nitrifying bacteria. It 5 assumed that the added
nitrification bacteria are able to carmmy out the process of pitrification on the rearing
media, According to Rurangwa et al (2014}, nitrification takes place through 2 reaction
stages, where In the first stage the oxidation of ammeonium to nitrite is carried out by
ammaonium oxidizing microbes (Nirosormonas sp.) and in the second stage nitrite
oxidation is performed by nitrite oxidizing microbes (Nitrobacter sp.). Among the addition
of swamp microbial factors, the lowest ammonia content was observed in the treatment
with a combination of Chlorophyta, Badilus sp. and Streptomyces sp. It is suspected that
the three microbes could break down ammonla. Ammonia |s the maln source of nitragen
In addition to nitrate, which could be used by microalgae for their metabolic processes
(Murhayati et al 2014). Bacilius sp. could oxidize ammonia to nitrite through
heterotrephic and chemotrophic processes (Edwards 2011},

Among the factors’ interactions, N1P4 treatment had the lowest ammonia levels
on the 5" day until the end of rearing. It was suspected that microbes from the swamp
were able to break down the organic matenal, derived from feces or feed, Into
compounds that were not harmful to C. striata. The N1P4 results were not significantly
different from the N2PZ and MN2P4 results. In presence of the commercial nitrification
bacteria in the same ecosystem as Bacilus sp. and Strepfomyces sp,, the nitrification
process activity and the growth of pitrifying bacteria are inhibited, Nitrifying bacteria
(autotraphic bacteria) produce very small biomass and slow growth. Mitrifying bacteria
takes 12 hours to regenerate, while heterotrophic bacteria Bacilus sp. and Streptomyces
sp. only need 30 minutes (Ebiling et al 2006). If there is a limited nitrogen to carbon
{high C:N ratia), the nitrification process is inhibited and heterotrophic bacteria develop
rapidly. Heterotrophic bacteria will assimilate ammonia directly into bacterial proteins,

KACL Beoftur, J020, Voaums 13, lvsue 2 11
LR T, TP,



and they will develop rapidly. It will cause competition in the struggle for axygen, space
and nutrients with autotrophic bacteria (Blancheton et al 2013).

Ammonia levels in all treatments with microbes on 107 day bo 20% day of rearing
decreased and increased wntll the 407 day. On the 10" to 20™ day, it was presumed that
the ammeonla accumuiation from metabolic waste had not yet occurred, therefore the
microbes glven ko the rearing media were able to work optimally. On the 25 to 40 day,
it was supposed that the ammonia accumulation from metabolic waste had been
accumulated in the rearing media, so that the added microbes couldnt optimally reduce
their ammonia levels. Meanwhile, the treatment without the addibion of microbes (N1P1)
experienced an Increase in ammonia along with the increase in the rearing time,
Increasing ammaonia levels in the NIPL treatment was caused of the rearing without
siphoning during 40 days, It resufted in a bulldup of organic maberial derived from
metabolic waste and levels of ammonia in the rearing media. The decomposing bacteria
from natural swamp water added to the media have not been able to make an optimal
decomposition.

Conclusions. The addition of swamp microbes Chlorophyta, Baclivs sp, and
Streptormyces sp. on the C. sirfafa rearing media was more efficent than other
treatrnents because they provided better water quality values and gave the best survival
rate, feed efficiency and growth of C. striala In swamp agquaculture, although there was
no nitrification bacterlia used, Bacillus and Streplomyces were the best combination of
microbial swamp for C strists culture in Swamp water aguaculture which used
Chiorophyta bs gresn waler system.
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Optimization of striped snakehead fish (Channa
striata) culture using swamp microbial

combination and nitrification bacteria
Marini Wijayanti, Dade Jubaedah, Ocktin Yulistya, Tanbiyaskur, Ade D.
Sasanti

Aguaculture Study Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya
University, Indralaya, Ogan llir, South Sumatera, Indonesia. Corresponding author: M.,
Wijayanti, mariniwijayanti@fp.unsri.ac.id

Abstract, Utilization of swamp areas as fish culture locations alters water quaiity. Therefore, It is
mocessary bo improve the water quelty with enviconmental friendly bickogical treatmonts, such as the
addition of mioobes a5 probiotics i media culture. The purpose of this study was o paterming the
comibnation of mécrobes from swamps that can improve tha water quality of the swamp fish culture and
production medn. The research used Completely Randomized Design (CRD) factorial with two factors
conaisting of the first factor with bwo treatments and the second factor with four trestments and three
replications. The Nrst factor consisted of Dwo scenarios: (1) withoul the addition of nitrification Dacerk
(M1} and (2] with the addition of ntrification bacteria (PROBAC) Sx10° CFU mit (N2}, Tha second factor
consigted of four scenarios: (1) withoul the additian of swamp microbes (P1) and with the sddition of:
{2} Crhiorophyta (3.43x107sal 1) and Baciffus sp. (107 CFU mL'Y) (P2} (3) Chiorophyta (3.43= 107 s L1
angd Streptomyces sp. (10° CFU mL ") ¢P3); (4] Chiorophyta (3.43=107 sei LY}, Saciius sp. (10° CFU mLY)
and Streptomyoes sp. (10% CFRU mL7) (P4), The result showed that the addfion microbes fram swamgs in
the combination af NI and P4 trealment scenarios was abse to improve the waber gquality valse Detter
than the athor treatment scensrios, producing the best sunaval rate (63.54%), foed efficiency (39.65%),
absohute weight growth (2.32 g) and absaluls length growth of (2.27 em).

Koy Words: fish culture, biological treatments, probsatic, water quality.

Introduction. The swamp aguaculture must Improve and malntaln the water quality for
fish rearing media, through environmentally friendly biological treatments, since the
wastewater of fish rearing on swamps reduces the quality of swamps water, One of the
treatments is adding probiotics in the rearing media. Inanto & Austin {2002) stated that
environmental damaging can be prevented with probiotics able to degrade the organic
materials in the habitat. Hartinl et al (2013) showed that the addition of problotics at a
dose of 10 pL L' week® can improve and maintain optimal water quality. In other
studies, the addition of effective probiotic microorganisms can reduce ammaonia levels
and suppress the population of pathogenic microorganisms. from the culture media
{Trisna et al 2013).

Swamps have high biodiversity, including sediment microbes able to Improve the
physical and chemical properties of their madia. The identified swamp microbes include
Chlorophyta, Baciffus sp. and Streptomyces sp. (Wijayanti et al 2018). Bacteria (Saciius
£p.) with concentrations of 10° CFU mL" (Khotimah 2018) and Chlorophyta microalgae
with the optimum concentration of 10% of the maximum density (Utami 2019) are able
to grow in the fish culture media and they can be used as environmental probiotics.
Chlorophyta is a microorganism that can be used as green water in aguaculture media.
Wijayanti et al (2018) showed that the wse of Chlorophyta increased the level of
dissolved oxygen in the pond culture media 60.52% and swamp water culture media
63.63%, The Increasing dissolved oxygen k& caused by Chlorophyta carrying out
photosynthetic activity which preduces dissolved oxygen in the culture media, Bacilius sp.
and Streptomyces sp. obtained are proteclytic bacteria that can Increase the content of
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MH:, NO2", and NO3" into the media (Yuliani 2017; Saraswati 2018). Balcazar et al (2006)
stated that Baclius sp. is an example of efficent probiobic bacteria, used In aquacuiture
because it is able to convert organic matter into CO: used in cell metabolism. Gram-
positive bacteria, such as Bacillus sp. can increase the animal immune system capabilities
and also act favorably in improving the quality of the water system (Mohapatra et al
2013), Bermal et al {2017) stated that the combination of Streptomyces sp. and Bacillus
sp. demanstrated a significant immunomodulatory activity by increasing the total number
of hemocytes and the activity of Superoxide Dismutase (SOD), which provides a
protective effect against Vibrie harveyi bacteria by increasing the immunclogical status of
Penaeus monodon. Nitrifying bacteria are chemoiitho-autotrophic bacteria (for example
Nitrosomonas sp., Nitrobacter sp.), which are able to meet their carbon needs through
CO: Mxation (Calvin cycle), and their energy source comes from the oxidation process of
reducing ammonia bto nitrate. As an example, through the addition of nitrifying bacteria
and denitrification, the molasses with a C/N ratio of 10 could decrease in ammaonia levels
by 28.5% (Yuniasari 2009).

Each of the swamp microbes and nitrifying bacteria has their own advantages and
disadvantages, therefore a consortium of swamp microbes and nitrifying bacteria would
be more effective. The emergence of a comsortium, expected to form cooperative,
commensal and mutualistic relationships between microbes, calls for an optimal
combination of Bacilius sp., Streptomyces sp., Chlorophyta and commercial nitrification
bacteria. The purpose of this study was to determine combinations of swamp microbes
and nitrifying bacteria that can improve the water quality of media in swamp fish
production.

Material and Method

The experimental design used was a completely randomized factorial design (RAL)
consisting of 2 factors: the first factor with 2 treatments and the second factor with 4
treatments and 3 replications. The first factor |s the addition of nitrifying bacteria
{PROBALC), namely:

N1- without the addition of nitrifying bacteria (PROBAC);

N2 - with the addition of nitrifying bacteria (PROBAC) 5x 105 CFU mL",

The second factor is the addition of swamp microbes, namely:

P1- without the addition of swamp microbes;

P2 - provision of 100 mi Chiorophyta (3.43= 10" cell L'') and Bacillus sp. (10* CFU mL);
F3 - provision of 100 ml Chiorophyta (3.43=107 cell L) and Streptomyces sp. (10% CFU
mL-1;

P4 - provision of 100 ml Chiorophyta {3.43=107 cell L*), Baciflus sp. (10° CFU mL*) and
Streptomyces sp. (10° CFU mLt).

Bacteria cultivation and propagation. Pure bacterial colonies were abtained from the
results of previous studies. The colony was cultivated using nutrient agar (NA) media for
Bacillus sp, and yeast mait {(YM) agar for Streptomyces sp. Bacterial colonies were
scratched in a petri dish containing NA for Bacillus sp. and YM media for Streptomyces
sp. using the quadrant streak method. Petri dishes were wrapped in wrapping paper and
incubated for 2 days at room temperature (28-30°C). A single colony formed on a petri
dish was transferred to the agar media and incubated until bacteria grew,

Swamp bacteria grown on NA and YM agar media were multiplied by nutrient
broth {NB} media for Bacilius sp. and liguid YM for Streptomyces sp. As much as 5 mL of
suspension were coliected in a test tube in onder to be cultured in the medium, and then
homogenized with a shaker for approximately 2 days for Bacillus sp. and 5 days for
Streptomyces sp., then multiplied from 5 mlL to 300 mL. The concentrations of bacteria
were measured by Me Farlan spectrophotometry methods.

Chiorophyta culture. The culture media used for Chlorophyta was a technical fertifizer
media consisting of ZA, Urea, TSP, and Gandasil B. All technical fertilizer ingredients were
mixed in & 250 mbL Erdenmeyer and added to 100 mlL of distiled water and then
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homogenized on a hot plate using a magnetic stirrer and sufficient heat, until ail
ingredients dissolved. The technical fertilizer media in the Erdenmeyer was sterilized using
an autoclave at 121°C for 0.25 hour. Chiorophyta isolates (about 107cell mL? in 10 miL
stock cufture) were put into an Erfenmeyer containing a technical fertilizer media for
liquid culture. They cultured during 2 days at the room temperature for scaling up to 1 L.

Preparation of fish rearing media. The container used In rearing was in the form af an
aquarium with a size of 30 x 30 x 30 cm’® as many as 24 units. The aquariums were
cleaned using potassium permanganate to be sterilized of diseases or parasites. The
asquarium was filed with 20 L of swamp water.

Fish cufture test. The test organiems used in this study were 12 Channa striata
specimens of 51 om each for 20 L of water (Mulyadi 2016), Before stocking,
acclimatization was done as an adaptation to the new environment in order to reduce
stress on the test organism. After 7 days of stocking, a treatment was applied, consisting
of a combination of Chiorophyta isolate (3.43%107 cell L"), Bacifus sp. (10° CFU mL™},
Streptomyces sp. (10% CFU mL!) as well as PROBAC nitrification bacteria (5= 10¢ CRUmLY).

Rearing. The fish culture was maintained for 40 days calculated after the addition af the
treatment. During rearing, they were fed at satiation with a freguency of three times a
day, by using commercial pallets with 40% protein content.

Chiorophyta abundance. Samplings were carried out ab the beginning and end of the
study by sub composite methods, in each treatment. Plankton net with 25 ym mesh size
was used for 5 L of rearing media by experimental unit (sample of 25 mL), A microscope
and "The Marine and Fresh Water Plankton” textbook were used for the obssrvation of
the Chiorophyta samples (Davis 19553). Chiorophyta abundance calculation was
performed by wsing the Leackey Drop Microtransect method (American Public Health
Association 1989) as follows:
I i

N=Zx %3
Where:
N - total number (cell L'1);
Z = number of individuals found;
X - volume of filtered water {25 mL);
¥ - volume 1 drop of sample water (0.05 mL);
V - volume of filtered water {5 L).

Bacteria population. The counting of bacterial populations was performed at the
beginning and end of rearing with the plate count method on a multilevel dilution
incubated at -a temperature of 28-30°C for 24 hours. The growing population was
determined in a Colony Forming Unit {CFU) and calculated using the following formula
{Pepper & Gerba 2004 ).

Tatel of Bacteria = Tatal of colonis ¥

1
i
gilution factor mil mumpis

Blofloc wvolume. The biofloc velume measurements were done on the 10 and 40 days
after rearing. The floc volume was obtained by collecting a rearing media, by using a
glass cone 1L volume, then the floc in the water media was left to settle in the tube for
15-20 minutes,

Survival rate. The percentage of fish survival was cafculated by using the Toliowing
formula (Aliyu-Faiko et al 2010):

Mt
— x 100
Mo
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Nt
—— w100%
No

Where:
No = number of fish at the beginning of rearing (individuals);
Nt - number of fish at the end of rearing (individuals).

Absolute weight growth. Growth of fish weight during reanng was calculated by using
the following formula (Hopkins 1992):
W= WEL- Ws
Where:
W - growth of weight of fish for rearing (grams);
Wt - welght of fish at the end of rearing (grams);
W - weight of fish at the beginning of rearing (grams).

Absolute length growth. The absolute length growth of fish during rearng was
determined by doing the foliowing calculation (Hopkins 1992):
L= Lt-lo
Where:
L - growth of absolute length of fish for rearing {cm);
Lt - length of fish at the end of rearing (cm);
Lg - length of fish at the beginning of rearing {cm]).

Feed efficlency. According to NRC (1977 feed efficiency can be calculated by using the
formula:
P L ?.!'_"’!f‘..'. % 100
Where:
EP - feed efficiency (%);
Wt - weight of fish at the end of rearing (gram);
Wo - initial fish rearing weight (gram);
D - weight of fish that died during rearing {gram};
F - amount of feed glven (grams).

Water guality. Measurement of water quality data for C. striafa rearing media included
pH (pH meter), dissolved oxygen (DO meter), ammonta (spectrophotometry), and
blological oxygen demand (DO meter) at the beginning and 40 days later, at the end of
the rearing.

Data analysis. Research data including biofloc volume, survival, growth, feed efMciency,
water quality was statistically processed by using the variance analysis. If the results of
the variance analysis showed that the treatment has a significant effect, then it was
continued with the LSD test (the Least significance difference) 5%. Chiorophyta
abundance data and the total bacterial population were analyzed descrptively.

Results and Discussion

Chierophyta abundance, total bacterial populfation and floc velume. Chiorophyta
abundance data on rearing media are presented in Table 1. Chiorophyta density at each
treatment decreased after 40 days of rearing, Chiorophyta added In the rearing media
experiences death or predation. In the rearing media, a food chain system occured
between Chlorophyta and zooplankton (Figure 1), resulting in a decresse in the
population of Chlorophyta due to predation,
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Figure 1. Biofloc and Chlorophyta profile in the rearing media of Channa striata culture in
this study (40 magnificaton scale of microscope).

The pattern of the interactions between zooplankton and phytoplankton is a series of

eating and prey relationships forming the path of the food chain. Phytoplankton as

primary producers s eaten by zooplanktons, in turn zooplanktons are eaten by small fish

at higher trophic levels (Bouman et al 2003).

Table 1

Cherophyta abundance in Channa sfrata rearing media at 0, 10, 407 day
Commercial EHMEEQE!& abundance (cell L)

m;.:.lztc:ﬁgm Swamp microbes 0 day 107 dlay 407 day

Fl 3.20x107 3.20= 10" 2.10x 107

N1 P2 3.60x107 3.43x107 410%10°

P3 4.10x10% 343107 4.10x107

Pa 3.70%10° 343107 4.486% 107

Pl 4.00x10¢ 4,00x10° 210=10¢

N2 F2 3.60x10% 343107 2alx10?

P3 3.90x10% 343107 2.34x10?

P4 3.40x10% 3.43x107 4.03x10%

The total bacterial population in the rearing media is presented in Table 2, the results of
the LSD test of the floc volume at ten and forty days of rearing are showed in Tabie 3
and Table 4, respectively,

Table 2
Total bacterial population in the rearing media
Commercial Total bacterial populabion {CFU mi-1)
nitrification ~_~™amp B o E

hactaria microbes 0 day 1* day 207 day 40" day
Pi 6.60x107 6.78x 107 1.E5x10° 6.20x107
N1 P2 6.20x104 3.95=10% 6.93x108 2.77=105
P3 7.00x10% 3.28x%10° 7.53x10° 301x10°
P4 4. 70x104 6.59x 107 1.00x10®% 2.99x 104
Pl 7.10x10°  2.01x100  3.54x10° L42x10°
N2 P2 4.50x10° 3.29x107 5.59x107 1.68x10¢
P3 4,30%10% 4.99x 107 6.41x107 1.93x10%
P 4.95%10* 4.70% 107 8.75%107 4. 06 % 10°

Based on Table 2, the total bacterial population increased on 20" day and decreased until
the 40" day, The increase In population on the 20™ day can be caused by adeguate
nutrients addition in the rearing media, stimulating the metabolic activity and growth of
the bacteria and Actinomycetes, while the decline of bacteria population observed on the
40™ day could be caused by the nutrient depletion (macronutrient and micronutrient) in
the water.

Related to the factor of nitrification bacteria, the results of LSD at 10 and 40 days
after rearing start showed that the volume of floc In the media without treatment was
significantly higher compared to the treatment with nitrification bacteria. The addition of
nitrifying bacteria cannot increase the volume of floc, because there were less exhausted
bacteria In the media. The bacteria need more substrate from unconsumed feed of fishes,
while the nitrifying bacteria accelerated the process aof dissolving nitrogenous organic
matter from the waste. Related to the factor of microblal addition from swamps, the
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volume of floc on the media treated with a combination of Chlorophyta, Bacilfus sp. and
Streptomyces sp. significantly showed higher levels compared to other treatments,

Table 3
The results of LSD test of the floc volume in the rearing media at 10 days of rearing

The single effect of The single influence of swamps microbes  The main effects of

: (P} (ot significant) itrifying bacteria (N)
mitrifying Dacherin (M) — 3 P2 P3 Pd (LSDga5=1.386)
Wi T1.111 16666 13.332 26.668 16.944"
N2 10.000  10.000 13.332  16.667 12.500°

The main effects of
swamp microbes (P) 10,556* 13.333* 13.332° 21.667°
{LSDy ps=3.102)

Table 4
The results of LSD test fioc volume of rearing media at 40 days of rearing

The single effect of The single influence of swamps microbes The main effects of

3 : ¢P) {L5Dans=6.631) nitrifying bacteria (N}
nitrifying bacteria (N) — 7 P2 ] P4 (L5D00s=3.315)
N1 11.1127 26.0b67° 16.667° 38,880 25 8340
N2 13.333*  13.333*  23.333* 33.33¥ 20.833

The main effects of
swamp microbes (P} 12.223* 20,000 20.000° 41.111°
{LSDans=4.689)

It is presumed that certain types of microorganisms are predisposed for flocs forming.
Related to the influence of interactions between factors at 40 days of rearing, the
cbservations showed that the ftreatment combination of Chlorophyta, Bacillus sp.,
Streptomyces sp. without nitrifying bacteria determined the highest volume of fioc, 358.89
mL L!, but it was not significantly different from the treatment combination of
Chlorophyta, Bacillus sp., Streptomyces sp. with nitrifying bactena. The volume of floc in
this study was lower than the study from Mulyadi et al (2016), where in treatment with
stocking density of 450 C. striata m~ which was kept for 41 days resulted in a floc
volume of 40.7 mL L. It is presumed that the rearing media lacks a carbon source used
by bacteria for the floc formation. According to Panigrahi et al (2019), Litopenacus
vannamei cultivation without a biofloc system can produce a volume of floc of 4.53 mL L%,
which s lower than the cultivation of L vannamel with a biofloc system, by adding
molasses, Floc thickness will continue to increase along with the provision of bacteria and
carbon sources that are continuously balanced with feed metabolic waste producing
;glirg;mia. The bacteria could bind to ammonia and will form a biofloc (Sitchang et al

The results of the analysis of variance showed that the effect of the interaction
between factors and the effect of the factor defined by the addition of swamp originated
microbes on the survival of C. siriala varied significantly between treatments, but the
factor defined by the adding of commercial nitrification bacteria had no significant effect.
Based on further testing of LSD on microbial factors from swamps, in the rearing media
treated with a combination of Chlorophyta, Baclllus sp. and Streptomyces sp., the
survival rate was significantly higher than lfor the other treatments. [nteractions between
factors showed that in the rearing media with a combination of Chlorophyta, Bacillus sp.,
Streptomyces sp. and without commercial nitrification bacteria, the survival rate reached
63.94%, a significantly higher performance compared to the other treatments.

Based on the results of the survival percentage, it is showed that the combination
of swamp microbes s able to suppress unfavorable microbes, to improve the water
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quality In the rearing media and to increase the C strigta survival rate, This is shown in
the treatment of rearing media consisting in a combination of Chiorophyta, Bacilfus sp.,
Etreptomyces sp, and without commercial nitrification bacteria, which provided a C.
striata survival rate of 63.94%. The combination of Bacifius sp. and Streptomyces sp,
was able to provide more protection against unfavorable microbes in the media, the
presence of Bacilus sp. giving effect to Streplomyces sp. to produce antimicrobial
compounds, Luti & Mavituna (2011) explained that Bacdilus cultured together with
Streptomyces increased the production of antimicrobial compounds when & was
compared with the single genus culture.

Table 5
LSD test of survival rate of Channa stnata

The single influence of swamps microbes  The main effects of

The single effect of el
e ; (P) (LSDs.0:=6.02) nitrifying bacteria (N)
nitrifying bactena (N) —3 P2 P3 Pi {not significant)
ML 26.06° 36.91° 28.030 63,949 38.74
N2 31,75 28.03 35.160 48,20 35.79

The main effects of
swamp microbes (P) 28,010 3247 31.592  Sg.OF0

[LSDuns=4.25]

The MNIP1 treatment (without the addition of microbes from swamps, neither of
commercial nitrification bacteria) was the treatment with the lowest survival value of
26.06% compared bto other treatments. These results prove that the addition of swamp
origin microbes to rearing media can increase the sunvival rate of C. striafa, This is in line
with the results of Hartini et al (2013), suggesting that the addition of EM-4 probiotics to
the rearing media had a significant influence on the survival of C. strata. The average
suryival of C, striata with 10 pL L' week ! EM-4 probiotics 96.66% tended to be higher,
compared to contral treatments (without EM-4 probiotics) which was 8.89%. Budianto &
Heny {2017] stated that the bacteria Baciius sp. has bactenocin compounds with specific
inhibiting action on the growth of 5. inise and P, fluorescens. Sireplomyces bactera has
the potential to control pathogenic bacteria by means of competition, parasitism or by
producing secondary metabolite compounds (Lutfi 2018). The combination of the twa
microbes can provide a high percentage of survival compared to the no combination
scenario, According to Iramto & Austin (2002), probiotic bacteria can increase the
survival or reduce mortality through the development of the immune system due to an
increasing phagocyte and lyseryme activity, thereby suppressing pathogenic bacterial
colonies, Sanchez et al (2024) stated that probiotics can increase immune stimulation in
fish, as a protection against pathogenic bacteria that causes death in fish culture,

Feed efficiency,; absolute weight and length growth. The results of the analysis of
the efficiency of various feed on C. siriata showed that the interaction between factors,
the microbial addition factors from swamps and the addition of commercial nitrification
bacteria, can increase the value of fish feed efficiency, which |s significantly affected by
the treatment type and concentration. LSD test results of the efficency of fish feed for 40
days of rearing are presented in Table 6.

Table 6
L5D test result of the efficiency of Channa striata Teed for 40 days of rearing
The singie milUence of SWamps microbes | THe main effects of
The single effect of i
{P) (150 gs=3 32) nitrifying bacteria (M)
nitrifying bacteria (N) —; Pz P P4 (15Dl gs=1.66)
M1 18.93* 47,347 37.97%  59.65¢ 40,597
N2 22.00¢ 29.520 3489 4410 32.63
BACE Beafluw, 2029, Volame 13, Issus 3 7
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The main effects of
swamp microbes (P)  20.47° 38.430 36.43"  51.88°
(LSDg.0s=2.35)

Based on these results, the effects of the different combinations on the C. striata feed
efficiency could be observed. The value of the C. striata feed efficiency in the treatment
of the media of rearing was: (1) significantly higher without commercial nitrification
bacteria than for the treatment with nitrification bacteria; (2) significantly higher with a
combination of Chlorophyta, Bacillus sp. and Streptomyces sp., compared to other
treatments and interactions between factors; (3) significantly higher with a combination
of Chlorophyta, Bacillus sp., Streptomyces sp. and without commercial nitrification
bacteria than the results of other treatments. It is thought that swamp microbes added to
the media enter the digestive tract of C. striata during the process of respiration and
while eating. Chlorophyta that enters the digestive tract could be a natural food source,
while Bacillus sp. and Streptomyces sp. which entered the digestive tract could be
working together to improve their digestibility. High digestibility in the feed will increase
the absorption of nutrient, which at optimal levels will increase the value of feed
efficiency, favoring fish growth. Bacillus sp. is a bacterium that can increase digestibility
because it can secrete protease, lipase and amylase enzymes (Singh et al 2016).

The bacteria which are members of the genus Bacillus are known to produce a
wide variety of antimicrobial substances and bacteriocins that can suppress pathogenic
bacteria (Deghhanifar et al 2019). Streptomyces sp. is a genus of actinomycetes that can
produce various antibiotic compounds. Common antibiotic compounds produced by
Streptomyces have restrictions such as narrow range spectrum, low permeability to
specific tissues, and toxicity for the live organisms, as human body (Dehghanifar et al
2019). It has the potential to control pathogenic bacteria by conducting competition,
parasitism or by producing secondary metabolites (Lutfi 2018). The bacterium Bacillus
sp. increases the value of feed efficiency by secreting enzymes that can stimulate
digestion, while Streptomyces sp. secretes antibiotics able to suppress pathogens. Both
bacteria work together to improve the digestibility and immunity of C. striata, which
ultimately results in high feed efficiency. Bacterial activity in the digestive tract will
experience rapid fluctuations with microbes entering through feed or water and causing
changes in the intestinal microbial balance. The entry of these microbes is antagonistic to
the pathogenic microbes in the digestive tract, improving growth, protein efficiency ratio
and feed efficiency (Midhun et al 2018; Nargesi et al 2019).

Swamp microbial addition factor, commercial nitrification bacteria addition factor,
and interactions between factors influenced the feed efficiency in a significantly different
manner, depending on the treatment. Based on the results of the LSDo.os test (Table 7)
on the main effect of the addition of commercial nitrification bacteria, the increase of the
absolute weight of C. striata following the treatment of the rearing media was: (1)
significantly higher without commercial nitrification bacteria than with commercial
nitrification bacteria; (2) significantly higher with the addition of a combination of
Chlorophyta, Bacillus sp. and Streptomyces sp. than with the other treatments; (3)
significantly higher than the other treatments’ results with a combination of Chlorophyta,
Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria, but (4) not
significantly higher from the treatment results given a combination of Chlorophyta,
Bacillus sp. and without commercial nitrifying bacteria.

Table 7
LSD 0.05 test results of growth in absolute weight of Channa striata

The single effect of The single influence of swamps microbes The main effects of

S : (P) (LSDp.05=0.08) nitrifying bacteria (N)
nitrifying bacteria (N) —p; P2 P3 2 (LSD0.0s=0.04)
N1 1.30% 2.267 1.70¢ 2.32F 1.900
N2 1.73¢ 1.41° 1.88¢ 2.08¢ 1.783
The main effects of 1.51= 1.84° 1.79° 2.20¢
AACL Bioflux, 2020, Volume 13, Issue 2. 8
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swamp microbes (P)
(LS00 2:=0.05]

Based on the resuits of the variance analysis, swamps microbial addition factor and
interactions between factors significantly influenced the increase of the absolute length,
but the factor of adding commercial nitrification bacteria has no significant effect. The
LSD results of growth in absolute length of C. striata are presented in Table 8.

Table 8
LSD test results for growth in the absolute length of Channa striala

The single effect of The single influence of swamps microbes  The main effects of

The s : (P) (LSDh 05=0.10) nitrifying bacteria ()
nitrifying bacteria (N) —7 P2 P37 ] (not significant)
N 069 179  09F 227 2.12
N2 143 108 160°  174° 2.09

The main effects of
swamp microbes (P) 0,942 1.44¢ 1.267 2.009
[LSDp.gs=0.07)

The main influence of the addition of microbes on the increase of the absolute length of
snakehead fish in the treatment of rearing media with a combination of Chlorophyta,
Bacillus sp. and Streptomyces sp. was significantly different than in other treatments.
The influence of interactions between factors on the increase of the absolute length of C.
striata was significantly higher in the treatment of rearing media with a combination of
Chiorophyta, Bacillus sp., Streptomyces sp. and without commercial nitrification bacteria
than the in the results of the other treatments.

The addition of a combination of swamp microbes and commercial nitrification
bacteria gave significant results on the increase of absolute weight and absolute length.
The highest absolute weight and length increase was produced by the treatment of
rearing media with @ combination of Chlorophyta, Bacilius sp., Streptomyces sp. and
without commercial nitrification bacteria, and the lowest by the treatment without the
addition of microbes. The treatment without the addition of microbes is thought to be the
less effective in terms of absorption of nutrients in the feed, causing a sub-optimal
growth, compared to the other treatments. In the treatment of N1P4, swamp microbes
added to the media could be entered into the digestive tract of C. striata during the
respiration process and when eating. These microbes break down complex compounds
into simpler ones and increase digestibility of feed, by accelerating the process of
absorption of the food. The work of probiatics in aguaculture is the ability of microbes to
break down proteins, pofysacarides, lipids and stress resistance in aquaculture system
{de melo Pereira et al 2018). The addition of 10* CFU mL probictics to the rearing media
increased the length and weight of pacific white shrimp (L. vannamei) larvae, compared
to the controls (Widammani et al 2010). Bacilius ficheniformis at 10° CFU mL? in the
rearing media of Pangasius hypophthalmus showed a significant increase in the growth,
immune and antioxidant responses compared to 107 CFU mL* (Gobi et al 2016).

Dissolved oxygen and ammonia in the rearing media. The results of the analysis of
variance on day 0 showed that the factor of commercial nitrification bacteria, swamp
microbes and the interaction between the factors did not significantly influence the
dissolved oxygen content (Table 9). At 5 and 10 days after rearing start, the factor of
commercial nitrification bacteria and swamp microbes significantly affected the dissofved
oxygen content, but the interaction between the factors had no significant effect.

The results of dissolved oxygen in the rearing media at 5 and 10 days after
rearing start showed that the main effect of the addition of commercial nitrification
bacteria was significantly lower than without commercial nitnfication bacteria.

The main influence of the addition of microbes from swamp on the dissolved
oxygen in the rearing media was the best for dissolved oxygen concentration in culture
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media with & combination of Chlorophyta, Bacillus sp., and Streplomyces sp. (P4), than
in other treatments.

Table 9
LSD test result of dissolved oxygen in the rearing media
Dissotved oxygen (mg L)
Days after rearing
0 5 10 15 20 25 30 35 40
LSD 0.18 0.14 0.14 0.18 0.18 0.18

NiPL 60 353 353 340 3.10 3.00 297 .77 .67
.1 04 0} £000F #00c  £0.1°  #0.0c  #00F &0

NiP2 463 333 353 343 2.93 .83 &7 2.57 .47
0.1 0.1 #0131 201= £0.1% 0.1+ 01® £01% £0.1=

367 357 347 333 303 293 87+ 267+ 257

NIPI 301 202 202 #01% 01% #01% 01% 01% 201%
wipg 357 370 380 380 350 340 340 320 30
$0.1 201 $0.0 £0.17 £0.0° $£01° £0.1° 01° +0.1°
wpy 163 343 343 313 283 273 167 247 237
$0.1 %01 0.0 £0.1* £0.1° #0.4* £0.1* #01° *0.1°
wpz 187 347 347 13 30 293 287 267 287

#0101 #0101 #01 £04™ 01T H0.1M 401 01N 01
N2P3 353 343 3133 X7 3.10 3.00 2.90 2.7 2.60
0.1 #0.1 #0.3 204" £01°F +01c 201%™ H01%  01F
NIP4 37 363 153 340 3.30 .20 3.20 .00 2.50
04 01 201 201° *01° +03* £01° 017 $01°

LSE 008 00& 008 0.07 0.07 §.09 0.0% 0.9

NI 362 3568 35F 509 314 I04F  300F  280F  2T70F
N2 360 349 3440 483 300 297 28 2T1*  Lai

LSD 0.11 011 013 0.10 010 0.13 0.13 0.13

P1 362 348 348% 327 297 LB 2182 2G> 25D
P2 360 350 350 3280 298 1BRY e 262 152
P3 360 350" 3400 3300 307 LS redt 268 15B"
P4 362 367 357 350fF 3400 3300 330° 3100 3000

Ten days after rearing start, the P4 treatment had a significantly higher dissolved oxygen
content than the P3 treatment, but it was not significantly different from the PL and P2
treatments, The factors of commercial nitrification bacteria, microbial addition and their
interaction significantly Iinfluenced the dissolved oxygen content. The dissolved oxygen
test on the 15, 20, 25, 30, 35 and 40" days are presented in Tabie 9.

Ammonia analysis results on day 0 were not significantly influenced by the factor
of commercial nitrification bacteria, addiben and their interaction. The variance analysis
results on days 5, 10, 15, 20, 25, 30, 35 and 40 showed that the factor of commercial
nitrification bacteria, microbial addition and their interaction significantly affected
ammonia content, They are presented in Table 10, The results of LSD test on the 5, 10,
15, 20, 25 30, 35 and 40" days on the main effect of the addition of commercial
nitrification bacteria showed that the ammonia content in the rearing media with
commercial nitrification bacteria was significantly lower than in the treatments without
commerclal nitrification bacteria, The main effect of the addition of microbes from the
swamp suggested that the ammonia content in the rearing media with a combination of
Chicrophyta, Bacilus sp. and Streptomyces sp. was the best for reducing ammaonia
concentration of rearing media compared to the other treatments. The results of LSD on
the 5, 10, 15 and 20™ days, in the scenano of the interaction between factors,
demonstrated that the N1P4 treatment had significantly lower ammonia levels compared
to the other treatments, but not significantly different from N2P2 treatment. The results
of LD on the 25, 30, 35 and 40™ days in the scenario of the interaction between factors,
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suggested that the N1P4 treatment had slgnificantly lower ammaenla levels compared to
other treatments, but not significantly different from N2F2 and N2P4 treatments.

Table 10
L50 test results for ammonia every 5 days on the rearing media

Pesar) of Amimoss concendmtion (mg L)
Dins aier regring

a 5 i 15

NIP] 0290 03831 0393 0410 0540 0674 0651 0548

£007 #001= £001* 2001% #0010 004F 2001 00" 200002
NP2 033 073 03 023 0.3 0293 0314 0321 03

#0.03 +000° 2001° £0.01° £001° £001* 2001° 2001° *0.01%
0283 0257 0267 07 0197 0.363 0482 0585 Q652
01 #2001 004 20010 H001* =02t 20020 20010 20.02°
1P 0267 0 023 0170 0147 0.243 0260 0286 0270

01 #001* 004 0010 001 002" 0020 20020 H0002°
popy 0230 023 0263 0203 0193 0282 0363 0385 03%

.01 H001° £0M* 0017 0T 002F  H002° 0010 2002¢
pppz 0290 0233 0243 QU3 Dsd 0250 0268 0273 027
.4 HO= 01t 0010 001t #0001t 20010 2010 2t
0250 0277 087 0&T 0187 0277 0296 0300 0306
002 +001° =001t +001c #0001 +001* 20010 2001F £001F
0303 0237 07 0187 0153 0250 0268 0273 0277
03 000" £000* £001°  £001°  £000* £0.01° =0.01* *0.01*

20 25 30 X 40
150 003 0013 0014 0013 0090 0021 0019 00k
0327

[E3] 0006 0005 0007 0.006 0010 0011 0080 0011
N1 D251 028y 029 025F (218 0380 D432 (466 055
2 0268 0J50¢ 0260 02000 0476 0265 0299 0308 031¥

LSD 0008 0009 0010 D05 0014 0015 0013 0016

F1 0260 03180 03280 030F  0200° 04117 051 053 DoAY
2 0307 0I5F 0263 020 0a8F 027 0291 0BF 030
] 0267 O 05 0nFE 009 0.32(F 0389 O44F D49
4 0285 0228 0238 017 0155 0247 0264 0269 027

Related to the factor of adding nitrifying bacteria, the lowest ammonia content was
observed In the treatment with nitrifying bacteria. It Is assumed that the added
nitrification bacteria are able to carry out the process of mitnfication on the rearing
media, According to Rurangwa et af (2014), nitrification takes place through 2 reaction
stages, where in the first stage the oxidabon of ammonium to nitrte s carried out by
ammanium oxidizing microbes (Mtrosomonas sp.) and in the second stage nitrite
oxidation is performed by nitrite oxidizing microbes {(Nitrobacter sp.), Among the addition
of swamp microbial factors, the lowest ammania content was observed In the treatment
with a combination of Chlorephyta, Bacilus sp. and Streplormyces sp. I s suspected that
the three microbes could break dovwm ammonia. Ammaosiia is the main source of nitrogen
in addition to nitrate, which could be used by microalgae for their metabolic processes
{Murhayati et al 2014). Bacilus sp. could oxidize ammonia to nitrite throogh
heterotrophic and chemaotrophic processes (Edwards 2011).

Among the facters' interactions, N1P4 treatment had the lowest ammonia levels
on the 5™ day until the end of rearing. It was suspected that microbes from the swamp
were able to break down the organic material, derived from feces or Teed, inta
compounds that were not harmful to C. strata, The M1P4 results were not significantiy
different from the N2P2 and MZP4 results. In présence of the commercial nitrification
bacteria in the same ecosystem as Bacilus sp. and Streptormyces sp., the nitrification
process activity and the growth of nitrifying bacteria are inhibited. Nitrifying bacteria
{autotrophic bactera) produce very small blomass and slow growth, Nitrifying bacteria
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takes 12 hours to regenerate, while heterotrophic bacteria Bacillus sp. and Streptomyces
gp. anly need 30 minutes (Ebiling &t al 2008). If there 15 & limited nitrogen to carbon
{high C:N ratio}, the nitrification process Is inhibited and heterotrophic bacteria develop
rapidly, Heterotrophic bacteria will assimilate ammonia directly into bacterial proteins,
and they will develop rapidly. It will cause competition in the struggle for oxygen, space
and nutrients with autotrophic bacteria (Blancheton et al 2013),

Ammonia levels in all treatments with microbes on 10™ day to 207 day of rearing
decreased and increased untll the 407 day. On the 107 to 207 day, It was presumed that
the ammonla accumulation from metabolic waste had not vet ocourred, therefore the
microbes given to the rearing media were able to work optimally. On the 25" to 40" day,
it was supposed that the ammonia accumulation from metabolic waste had been
accumulated in the rearing media, so that the added microbes couldnt optimally reduce
their ammaonia levels. Meanwhile, the treatment without the addition of microbes (N1P1)
experienced an increase in ammonia along with the increase in the rearing time.
Increasing ammonia |&vels in the N1P1 treatment was caused of the rearing without
siphoning during 40 days. It resulted in & buildup of organic material derived from
metabolic waste and levels of ammaonia in the rearing media. The decomposing bacteria
from matural swamp water added to the media have not been able to make an optimal
decompaosition,

Conclusions. The addition of swamp microbes Chiorophyta, Bacllus sp. and
Streptomyces sp. on the C. siriata rearing media was more efficient than other
treatments because they provided better water guality values and gave the best survival
rate, feed efficiency and growth of C. striata in swamp aquaculture, although there was
no nitrification bacteria used. Baciius and Streptomyces were the best combination of
microbial swamp for C. siriatz culture in swamp water aguaculture which used
Chiorophyta as green water system.
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Optimization of striped snakehead fish (Channa
striata) culture using swamp microbial

combination and nitrification bacteria

Marini Wijayanti, Dade Jubaedah, Ocktin Yulistya, Tanbiyaskur, Ade D.
Sasanti

Agquaculture Study Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya University,
Indralaya, Ogan Ilir, South Sumatera, Indonesia. Corresponding author: M. Wijayanti,
mariniwijayanti@fp.unsri.ac.id

Abstract. Utilization of swamp areas as fish culture locations alters water quality. Therefore, it is
necessary to improve the water quality with environmental friendly biological treatments, such as the
addition of microbes as probiotics in media culture. The purpose of this study was to determine the
combination of microbes from swamps that can improve the water quality of the swamp fish culture and
production media. The research used Completely Randomized Design (CRD) factorial with two factors
censisting of the first factor with two treatments and the second factor with four treatments and three
replications. The first factor consisted of two scenarios: (1) without the addition of nitrification bacteria
(N1) and (2) with the addition of nitrification bacteria (PROBAC) 5x10° CFU mL (N2). The second factor
consisted of four scenarios: (1) without the addition of swamp microbes {P1) and with the addition of:
(2) Chiorophyta (3.43x107 sel L'') and Bacilius sp. (10° CFU mL') (P2); (3) Chiorophyta (3.43x 107 sel L~
1y and Streptomyces sp. (10° CFU mL) (P3); (4) Chlorophyta (3.43%107 sel L), Bacillus sp. (10° CFU
mL™) and Streptomyces sp. (10° CFU mL) (P4). The result showed that the addition microbes from
swamps in the combination of N1 and P4 treatment scenarios was able to improve the water quality
value better than the other treatment scenarios, producing the best survival rate (63.94%), feed
efficiency (59.65%), absolute weight growth {2.32 g) and absolute length growth of (2.27 cm).

Key Words: fish culture, biological treatments, probiotic, water quality.

Introduction. The swamp aquaculture must improve and maintain the water guality for
fish rearing media, through environmentally friendly biological treatments, since the
wastewater of fish rearing on swamps reduces the quality of swamps water. One of the
treatments is adding probiotics in the rearing media. Irianto & Austin (2002) stated that
environmental damaging can be prevented with probiotics able to degrade the organic
materials in the habitat. Hartini et al (2013) showed that the addition of probiotics at a
dose of 10 pL L! week! can improve and maintain optimal water quality. In other
studies, the addition of effective probiotic microorganisms can reduce ammonia levels
and suppress the population of pathogenic microorganisms from the culture media
(Trisna et al 2013).

Swamps have high biodiversity, including sediment microbes able to improve the
physical and chemical properties of their media. The identified swamp microbes include
Chlorophyta, Bacillus sp. and Streptomyces sp. (Wijayanti et al 2018). Bacteria (Bacillus
sp.) with concentrations of 105 CFU mL! (Khotimah 2018) and Chlorophyta microalgae
with the optimum concentration of 10% of the maximum density (Utami 2019) are able
to grow in the fish culture media and they can be used as environmental probiotics.
Chlorophyta is a microorganism that can be used as green water in aquaculture media.
Wijayanti et al (2018) showed that the use of Chlorophyta increased the level of
dissolved oxygen in the pond culture media 60.52% and swamp water culture media
63.63%. The increasing dissolved oxygen is caused by Chlorophyta carrying out
photosynthetic activity which produces dissolved oxygen in the culture media. Bacillus sp.

AACL Bioflux, 2020, Volume 13, Issue 2. 1
http://www.bioflux.com.ro/aacl
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