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ABSTRACT 

 
This research aimed to determine the most effective dosage of potassium diformate additives in feed 
to increase the immune performance of nilem carp (Osteochilus hasselti). This research used 
Completely Randomized Design (CRD) experimental method with 4 treatments and 4 replications. The 
treatment used was the addition of potassium diformate on feed (0 %, 0.1 %, 0.3 % and 0.5 %). After 
28 days of treatment, nilem fingerlings were challenged intraperitoneally with Aeromonas hydrophila 
bacteria with a density of 10

8
 cfu ml

-1 
and then observed for another 14 days. Observed parameters 

were the number of leukocytes and erythrocytes, survival rate, clinical symptoms and water quality. 
The results showed that leukocytes and erythrocytes numbers were significantly different in each 
treatment. The leukocytes and erythrocytes numbers of nilem fingerlings after 28 days of potassium 
diformate treatments are higher than control. After challenged test, the numbers of leukocytes were 
increased until Day-10

th
 due to the infection and decreasing to normal conditions on Day-14

th
. The 

numbers of erythrocytes were decreased until Day-10
th
 due to hemolytic activity of A. hydrophila and 

increasing to normal conditions on Day-14
th
. Clinical symptoms after challenged test were relatively 

similar such as hemorrhagic, ulceration, exopthalmia, dropsy and abnormal swimming movements. It 
can be concluded that 0.3 % of potassium diformate addition has the highest survival rate after 
challenged test compared to other treatments (81.67 %), has the highest number of leukocytes and 
erythrocytes during infection, and recover faster than other treatments. 
 

Keywords: Aeromonas hydrophila, Erythrocyte, Immunostimulant, Leukocytes, Survival rate 
 
 

ABSTRAK 
 
Penelitian ini bertujuan untuk menentukan dosis penambahan kalium diformat yang paling efektif 
dalam pakan untuk meningkatkan kinerja kekebalan ikan nilem (Osteochilus hasselti). Penelitian ini 
menggunakan metode eksperimen Rancangan Acak Lengkap (RAL) dengan 4 perlakuan dan 4 
ulangan. Perlakuan yang digunakan adalah penambahan kalium diformat pada pakan (0%, 0,1%, 
0,3% dan 0,5%). Setelah 28 hari pemberian pakan, benih nilem diuji tantang secara intraperitoneal 
dengan bakteri Aeromonas hydrophila dengan kepadatan 10

8
 cfu ml-1 dan kemudian diamati selama 

14 hari. Parameter yang diamati adalah jumlah leukosit dan eritrosit, tingkat kelangsungan hidup, 
gejala klinis dan kualitas air. Hasil penelitian menunjukkan bahwa jumlah leukosit dan eritrosit berbeda 
secara signifikan antar perlakuan. Jumlah leukosit dan eritrosit pada nilem setelah 28 hari pemberian 
kalium diformat lebih tinggi daripada kontrol. Setelah uji tantang, jumlah leukosit meningkat hingga 
Hari ke-10 karena infeksi dan menurun ke kondisi normal pada Hari ke-14. Jumlah eritrosit menurun 
hingga Hari ke-10 mengindikasikan adanya aktivitas hemolitik A. hydrophila dan meningkat ke kondisi 
normal pada Hari ke-14. Gejala klinis setelah uji tantang relatif sama seperti hemoragik, ulser, 
exopthalmia, abdominal dropsy, dan berenang abnormal. Perlakuan penambahan kalium diformat 
0,3% memiliki tingkat kelangsungan hidup tertinggi setelah uji tantang dibandingkan dengan 
perawatan lain (81,67%), memiliki jumlah leukosit dan eritrosit tertinggi selama infeksi, dan pulih lebih 
cepat daripada perawatan lain. 
 
Kata kunci: Aeromonas hydrophila, Eritrosit, Imunostimulan, Leukosit, Tingkat kelangsungan hidup
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1. Introduction 

Nilem carp (Osteochilus hasselti) is one of 
the freshwater fish commodities that are widely 
cultured by the community, especially in West 
Java (Mulyasari et al., 2010). The fish has high 
economic value and the eggs have the potential 
to become export commodities as a substitute 
for caviar (Subagja et al., 2006). Nilem carp is 
quite popular due to the tasty of meat and eggs 
(Pratiwi et al., 2011). 

The market for nilem carp is quite 
extensive, ranging from traditional markets, 
restaurants to exports. Its economic value will 
increase if it has been processed and made into 
products such as jerky, fried baby fish, pindang, 
smoked and canned (Yandra et al., 2014). 
Along with the high market demand for nilem 
carp, it must be supported by increasing 
production from aquaculture. The main obstacle 
in aquaculture production is the occurrence of 
disease outbreaks (Mishra et al., 2017). 
Disease outbreaks disrupt aquaculture 
productivity, even cause failures and 
economical losses for farmers (Kurniawan, 
2012). Environmental factors which are not 
suitable for the aquaculture and decreased 
water quality may cause fish to be susceptible 
to disease (Rahmawati and Hartono, 2012). 
The bacteria that commonly infected freshwater 
fish are Aeromonas hydrophila and causes the 
Motile Aeromonas Septicemia (MAS) disease 
(Fernandez et al., 2014). A. hydrophila 
infections in fish are characterized by small 
injuries on the body surface which resulted in 
loss of fish balance, darkening body colour, 
prominent eyes and bleeding (Noor El Deen, 
2014). Therefore, there is a need for prevention 
efforts to anticipate the risk of fish disease 
infections. One solution to anticipate the 
disease is by increasing the fish resistance on 
pathogens through immunostimulant 
administration. Immunostimulant are biological 
and chemical compounds that can activate 
leukocytes to make fish more resistant to 
infection by viruses, bacteria, fungi and 
parasites (Raa, 2000). One of the 
immunostimulant that can be used is potassium 
diformate.  

Potassium diformate (PD) as feed additive 
is categorised as dietary acidifier and proposed 
to replace the use of AGP (Antibiotic Growth 
Promoter). Organic acids and salts in 
potassium diformate can also contribute in ATP 
generation to produce energy in the body (Da 
Silva et al., 2013). The benefit of potassium 
diformate in commercial fish feed is that it can 
kill Gram-negative bacteria directly or have a 
bactericidal effect so that the mortality rate of 
the fish will be decreased (Kühlmann et al., 

2011). Low pH value in potassium diformate 
may alter cell metabolism and enzyme activity, 
thus inhibiting intraluminal microbial growth, 
especially pathogenic ones. Some research has 
shown a reduction in the number of bacteria in 
stomach and intestines. However, Lactobacillus 
(lactic acid bacteria) which is beneficial was not 
affected, even growing in amount, so that it 
inhibits the pathogen (Lückstadt, 2008). 
Positive effect of potassium diformate on fish 
immune is not widely studied. This research 
aimed to determine the most effective dosage 
of potassium diformate additives in feed to 
increase the immune performance of nilem carp 
(Osteochilus hasselti) 

 
2. Materials and Methods 

2.1. Description of this Research   
 

The materials used in this research include 
nilem fingerlings (average body length 5-7 cm) 
obtained from Ciparanje Freshwater Fisheries 
Area, Faculty of Fisheries and Marine Sciences, 
Universitas Padjadjaran; potassium diformate 
with brand name AQUAFORM (PT. Novindo 
Agritech Utama, South Tangerang, Indonesia); 
A. hydrophila isolates from Molecular 
Microbiology and Biotechnology Laboratory 
Faculty of Fisheries and Marine Sciences, 
Universitas Padjadjaran; and commercial feed 
(FF999 produced by PT Central Proteina Prima 
TBK, South Jakarta, Indonesia). This research 
was conducted in October to December 2018 at 
Hatchery in Ciparanje Freshwater Fisheries 
Area and Molecular Microbiology and 
Biotechnology Laboratory, Faculty of Fisheries 
and Marine Sciences, Universitas Padjadjaran. 
The method used was Completely Randomized 
Design (CRD) method with 4 treatments and 4 
replications. Nilem fingerlings were kept in 16 
aquariums with size of 40 x 30 x 30 cm

3
 for 28 

days. Each aquarium consisted of 20 nilem 
fingerlings and were fed with feed that had 
been given potassium diformate (PD) with 
different doses of 0 % PD (A); 0.1 % PD (B); 
0.3 % PD (C) and 0.5 % PD (D). The feeding 
rate is 5% from biomass. 

 
2.2. Mixing of PD in feed 
 

Commercial feed and PD were weighed 
according to the treatment, then poured into a 
tray. Mixed them gently for 5 minutes until 
homogeneous and sprayed with water as much 
as 10% from total feed as a binder then dried in 
room temperature without exposed to direct 
sunlight. 

 
2.3. Number of Leukocytes and Erythrocytes 
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Observation of leukocytes number and 
erythrocytes number was done six times; 
before treatment, 28

th
 after PD treatment, the 

3
rd

 day after challenged test, the 7
th
 day after 

challenged test, the 10
th
 day after challenged 

test and the 14
th
 day after challenged test. 

According to Blaxhall and Daisley (1973) the 
first step taken was to slice the base of the fish 
and then blood was sucked up to a scale of 0.5 
with a thoma pipette. Then, added turk’s 
solution for leukocyte to scale 11 and added 
hayem solution for erythrocyte to scale 101. 
Blood was homogenized then drip on the 
haemocytometer and closed with object glass. 
 
2.4. Culture of A. Hydrophila 
 

The isolates of A. hydrophila were 
inoculated on NA (Nutrient Agar) media using 
the scratch method to obtain a single colony, 
then incubated at 30 ºC for 24 hours. The 
results of the grew bacteria were taken by 
using one needle as much as 1 ose and 
dissolved with NB (Nutrient Broth) media. After 
that, the bacteria were incubated in a shaker 
incubator for 24 hours at 30 ºC at a speed of 
150 rpm. Then the density calculation was 
performed to obtain a density of 10

8
 cfu ml

-1
 

using a spectrophotometer with a wavelength 
of 540 nm and an absorbent value reaching 
0.8-1 for a density of 10

8
 cfu ml

-1
. 

 
2.5. Challenged test with A. hydrophila  
 
 The infection of A. hydrophila against 
nilem carp was done intraperitoneally section 
with a density of 10

8
 cfu ml

-1
. Observation after 

challenged test was carried out for 14 days 
including leukocytes and erythrocytes number, 
survival rate and clinical symptoms. Observed 
clinical symptoms were body damage, fish 
feeding response, fish motion response and 
recorded daily. 
 
2.6. Statistical Analysis 
 

Data of leukocyte number, erythrocyte 
number and survival rate (before and post 
challenged test) were analyzed by F-test 
ANOVA with 95 % confidence level. The data 
which showed significantly different result will 
continue with Duncan's multiple distance test 

at the 95 % confidence level (Gaspersz, 1991). 
Data on macroscopic clinical symptoms and 
water quality were analyzed descriptively. 
 
3. Results and Discussion 
 
3.1. The Number of Leukocyte 
 

The increase and decrease in the number 
of leukocytes can be used as an indication of 
the health condition in fish's body. Leukocytes 
play an important role in the fish defence 
system against pathogenic infections (Maryani 
et al., 2018). Leukocytes function as non-
specific immune defenses that will localize and 
eliminate pathogens by phagocytosis 
(Anderson, 1974). The fish defence system will 
release neutrophils from blood vessels when 
an infection occurs, this can be caused by 
external chemical stimulation or chemotaxis 
(Vadstein, 1997). The average number of 
nilem fingerlings leukocytes is shown in Figure 
1. 

Based on Figure 1, the lowest increase in 
the average number of leukocytes occured in 
treatment A, while the highest increase 
occurred in treatment C. Normal leukocyte 
number of freshwater fish is ranged from 2.0 - 
15.0 × 10

4
 cells/mm

3
 (Lagler et al., 1977), then 

based on Hidayatullah's research results 
(2018) the number of nilem carp leukocytes is 
6.48 - 7.17 × 10

4
 cells/mm

3
. The number of 

leukocytes after treatment increase until Day-
28

th
 showed higher numbers compared to 

nilem fingerlings fed with feed without 
potassium diformate additives (p < 0.05). The 
increasing number of leukocytes after feeding 
with potassium diformate was caused by 
organic acid which is made using dual salt 
technology to trigger an increase in the number 
of leukocytes. 

The number of leukocytes after the 
challenged test varied with each treatment. 
The higher the potassium diformate dosage 
given does not always increase the number of 
leukocytes, this is presumably due to 
potassium diformate which is in the form of salt 
which may disrupt the osmoregulation system 
in fish. According to Lantu (2010) too many salt 
in fish body will cause more energy in fish 
bodies to stabilize the osmoregulation system. 
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Figure 1. Leucocyte number of nilem (Osteochilus hasselti)  during treatment period. Different 
superscript letters indicated significant differences. PD (Potassium diformate) 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Erythrocyte number of nilem (Osteochilus hasselti) during treatment period. Different 

superscript letters indicated significant differences. PD (Potassium diformate) 
 

The results showed that the average 
number of nilem fingerlings leukocytes in 
treatments A, B, C and D were increased in 
Day-3

rd
 after challenged test due to the infection 

of A. hydrophila. This is supported by the 
research results of Shariff et al., (2001) which 
states that leukocyte counts increase after 
infection with A. hydrophila bacteria. The 
increase in the average number of leukocytes 
lasted until after Day-10

th
. However, the 

average number of nilem fingerlings leukocytes 
were decreased after Day-14

th
 of challenged 

test. The highest decrease occurred in 
treatment C with a dose of 0.3 % potassium 
diformate which was equal to -23.60 %, while 
the lowest decrease occurred in treatment A by 
-8.32 %. The increasing number of leukocytes 
in nilem fingerlings showed that there was a 
disease caused by A. hydrophila infection while 
the decrease in the number of white blood cells 
is due to the ability of A. hydrophila to infect the 
nilem fish fingerlings on the 14

th
 day begins to 

decline and the body of the fish experiences a 
healing period which is marked from the 
number of white blood cells decreasing towards 
normal. The number of leukocytes after 
challenged showed that potassium diformate 
additives in different doses of feed gave a 
significantly (P < 0.05). 

 
3.2. The Number of Erythrocyte 
 

Erythrocytes contain hemoglobin which 
functions in binding oxygen. The number of 
erythrocytes is influenced by fish activity, water 
temperature, type, age, gender and nutritional 
status (Witeska, 2013). The average number of 
erythrocytes in nilem fingerlings is shown in 
Figure 2.  

Based on Figure 2, the lowest increase in 
the average number of erythrocytes occurred in 
treatment A which is equal to 2.05 × 10

6
 

cells/mm
3
, while the highest increase occurred 

in treatment C, which is equal to 2.49 × 10
6
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cells/mm
3 

(P < 0.05). The number of 
erythrocytes in teleostei fish generally ranges 
from 1.00 - 3.00 × 10

6
 cells / mm

3
 (Irianto, 

2005). The increasing amount of erythrocytes 
will increase the hemoglobin. Therefore, more 
oxygen can be bound. The results showed that 
nilem fingerlings in all treatments experienced a 
decrease in the number of erythrocytes which 
was quite drastic, however, the number of 
erythrocytes in treatment B, C and D were 
relatively higher compared to treatment A. This 
is presumably due to the increasing amount of 
leukocytes in nilem fingerlings body as a result 
of the increasing in body resistance due to 
potassium diformate addition. Therefore, lower 
level infection in treatments B, C and D resulted 
the internal organs such as the liver, spleen and 
spinal cord still functioning to form erythrocyte. 
Something similar found in the Sukenda et al., 
(2018) that the number of erythrocytes in tilapia 
fingerlings has decreased when infected by A. 
hydrophila bacteria. According to Amlacher 
(1970), apart from bacterial infection, the 

response to food can also influence the blood 
composition, including the number of 
erythrocytes which also affect the hematocrit. 
The number of erythrocytes of nilem fingerling 
from treatment A were decreased by -1.08 % 
on Day-14

th
 of challenged test while the other 

treatment experienced an increase. The biggest 
increase was found in treatment C with 0.3 % 
dose of potassium diformate (5.59 % increase 
in erythrocytes number). The increasing 
number of erythrocytes towards normal on Day-
14

th
 after the challenged test showed that nilem 

fingerlings was in the healing period. 
 

3.3. Survival Rate 
 

Survival rate is a comparison between the 
number of living organisms at the end of a 
period and the number of living organisms at 
the beginning of the period (Effendie, 1997). 
The average survival rate of the treatment 
period is shown in Figure 3. 

 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 3. Survival rate of the nilem (Osteochilus hasselti) during treatment period. Different 
superscript letters indicated significant differences. PD (Potassium diformate)

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Survival rate after 14
th
 days of challenged test 
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Based on Figure 3, nilem fingerlings from 

all treatments have high survival rate, however, 
nilem fingerlings which given potassium 
diformate as feed additives have higher survival 
rate. The average survival rate of treatment A 
was 96 %, treatment B and treatment C were 
99 % and treatment D was 98 %. The F test 
results (p < 0.05) toward survival rate showed 
that the addition of potassium diformate in 
treatments B and C were significantly different 
from treatment A but not significantly different 
from treatment D. The results of the average 
survival rate after 14

th 
days of challenged test is 

presented in Figure 4. 
 Based on Figure 4, it can be seen that 
survival rate of nilem fingerlings after 
challenged test were varied in each treatment 
(P < 0.05). The highest survival rate occurred in 
treatment C (81.67 %). Therefore, higher 
dosage of potassium diformate addition in feed 
does not always increase the survival rate of 
nilem fingerlings. Too many potassium 
diformate, which is in the form of salts, in the 
body of the fish will disturb the osmoregulation 
system.  
 Previous studies on tilapias showed that 
red tilapia which fed with potassium diformate 
and challenged by Streptococcus agalactiae 
showed lower mortality rate compared to 
control fish (Ng et al., 2009). It is in agreement 
with Elala and Ragaa (2015) which found a 
decrease in tilapia mortality rate (A. hydrophila 
challenge) since there is an increase in 
phagocytic activity and serum lysozyme of the 
treated group with concentration of 0.3% 
potassium diformate. 
   
3.4. Macroscopic Clinical Symptoms 
 

3.4.1. Body Damage 

Based on the results of observations, nilem 
fingerlings body had shown the damage at the 
6

th
 hour after injection. Damage was seen at the 

body surface of nilem fingerlings which had 
been infected by A. hydrophila. Other 
symptoms which also occurring when infected 
by these bacteria were round or irregular ulcers 
with grayish red color and inflammation in the 
abdominal cavity (Noga, 2013). Damage on 
nilem fingerlings at the first 24

th
 hours for each 

treatment during the challenged test were 
shown in Table 1. 

Based on Table 1, body damage was first 
seen in treatment A in the form of hemorrhagic 
and ulceration. Clinical symptoms which 
appeared on nilem fingerlings in each treatment 
were not evenly distributed. This was 
presumably due to different body resistance of 
each individual. According to Irianto (2005), 
body resistance is determined by the type of 
fish, age, sex and nutrition. Body damage of 
nilem fingerlings in each treatment after 
challenged test are shown in Table 2. 

Based on Table 2, body damage has 
begun to be found on Day-1

st
 after challenged 

test. According to Most et al., (2002) in 
Wahjuningrum et al., (2013), A. hydrophila 
bacteria has optimal growth in the exponential 
phase which occurred at the first 4

th
 - 12

th
 hour. 

This showed that the A. hydrophila infection 
have multiplied and infected nilem fingerlings 
on 3

rd
 hour after challenged test Day-1

st
. 

However, clinical symptoms began to appear 
after 6

th
 hour. According to Haditomo et al., 

(2014) A. hydrophila bacteria has optimal 
growth in the exponential phase which occurs 
at the 16

th
 - 22

nd
 hours. 

 
Table 1. Body damage at the first 24

th
 hours for each treatment after challenged test 

Hours 
Treatment 

A (Control) B (0.1% PD) C (0.3% PD) D (0.5% PD) 

3 - - - - 

6 abd Ad ad A 

9 abd Abd ad Abd 

12 abd Abd abd Abd 

15 abd Abd abd Abd 

18 abd Abd abd Abd 

21 abd Abd abd Abd 

24 abd Abd abd Abd 

Description: a (hemorrhagic), b (ulceration), c (exopthalmia) and d (dropsy) 
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Table 2. Damage of nilem fingerlings in each treatment after challenged test 

Days- 
Treatment 

A (Control) B (0.1% PD) C (0.3% PD) D (0.5% PD) 

1 abd Ad ad Ad 

2 abcd Abd ad Abd 

3 abcd Abd ad Abd 

4 abcd Abd abd Abcd 

5 abcd Abd abd Abcd 

6 abcd Abd abd Abcd 

7 abcd Abcd abd Abcd 

8 abcd Abcd abd Abcd 

9 abcd Abd abd Abcd 

10 abcd Abd ab Abcd 

11 abcd Abd ab Abd 

12 abcd Ab ab Abd 

13 cbd Ab a Ad 

14 cbd Ab a Ad 

Description: a (hemorrhagic), b (ulceration), c (exopthalmia) and d (dropsy) 

 
 Observation of challenged test Day-2

nd
 

was performed in every 8 hours. Treatment A, 
showed clinical symptom in the form of 
exopthalmia (Figure 5). According to Olga 
(2012) fish infected with A. hydrophila bacteria 
experience macroscopic clinical symptoms 
such as loss of appetite, injuries on the body 
surface, bleeding in the gills, dropsy, ulceration 
and if surgery was performed there will be 
swelling and damage to the liver, kidney and 
spleen. Mangunwardoyo et al., (2010) also 
states that fish infected with A. hydrophila 
shows pathological changes such as body color 
turned dark, weak, unresponsive to both feed 
and shock and local bleeding in the body. 
  A. hydrophila will excrete exotoxin and 
endotoxin compounds. Endotoxin compounds 
are consisted of hemolysin, protease, enteroxin, 
lechitinase and leucocidine. Substances of 
hemolysin and lechitinase can lyse erythrocytes 
and destroy various tissue cells. Exotoxins 
released by A. hydrophila will be spread 
throughout the body through the bloodstream, 
causing hemolysis and rupture of blood 
vessels. Rupture in blood vessels and tissues 
will result in bleeding out of the veins causing 
hemorrhagic on the body surface. 
 Damage on the body's surface is getting 
worse on Day-3

rd
 to Day-9

th
. Nilem fingerlings 

from treatment A showed hemorrhagic, 
exopthalmia, ulceration (Figure 5) and dropsy. 
Hemorrhagic are the first reaction from the A. 
hydrophila infection which causes damage to 

the tissue. Dropsy is caused by the release of 
Aerolysin Cytotoxic Enterotoxin (ACT-gene) 
which can cause tissue damage (Indriani et al., 
2014). According to Noor El Deen et al., (2014), 
A. hydrophila infection in fish is characterized 
by small injuries on the body surface which 
results in loss of fish balance, darkening body 
color, exopthalmia and bleeding. The damage 
on the body surface experienced by nilem 
fingerling after challenged test can be seen in 
Figure 5. 
 After Day-14

th
 the body damages are tend 

to heal in potassium diformate treatments, this 
is due to potassium diformate can improve the 
general health status of cultured animals by its 
stronger antimicrobial effect towards coliform 
bacteria, Escherichia coli and Salmonella sp., 
than towards lactobacilli (Elala & Ragaa, 2015). 
It also reported that the total bacteria per gram 
of faeces was significantly reduced in the fish 
fed with an organic acid blend and potassium 
diformate as feed additives (Ng et al., 2009). 
Similarly, Da Silva et al., (2013) found that 
organic acids (butyrate, propionate and acetate) 
have the highest inhibitory activity against vibrio 
species in marine shrimp. These acids can 
penetrate through the membrane of Gram-
negative bacteria and release protons into the 
cytoplasm. Thus, the bacteria consume a large 
amount of ATP to excrete protons in trying to 
maintain a balanced intracellular pH, resulting 
in the depletion of cellular energy with eventual 
cell death (Defoirdt et al., 2009). 
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Figure 5. Body damage: (a) Healthy fish, (b) Ulceration, (c) Dropsy & Ulceration, (d) Hemorrhagic,   
(e) Comparison of exopthalmia & healthy fish and (f) Comparison of necrosis & healthy fish 

3.4.2. Fish Feeding Response 
 
 Feeding response of nilem fingerlings 
infected by A. hydrophila were observed every 
day. Fish infected with A. hydrophila showed 
signs of abnormal fish behavior, swim slowly, 
gasp at the surface of the water and low 
response to feed (Kabata, 1985). Feeding 
response of nilem fingerlings can be seen in 
Table 3. 
 Based on Table 3, it can be seen that, in 
challenged test Day-1

st
, nilem fingerlings from 

all treatment showed a normal feeding 
response. Nilem fingerlings from treatment A 
has shown a moderate feeding response on 
Day-2

nd
 and low feeding response on Day-3

rd
 to 

Day-11
th
. Decrease in feeding response also 

happened in other treatments. Nilem fingerlings 
of treatment B and D showed a decreasing 
feeding response in Day-3

rd
 to Day-7

th
. 

Meanwhile, feeding response of nilem 
fingerlings from treatment C started to decrease 
from Day-3

rd
 to Day-5

th
, however, feeding 

response started to increase on Day-6
th
. 

According to Muslikha et al., (2016), the 

symptoms of fish infected with A. hydrophila 
bacteria varies, from sudden death, lack of 
appetite, abnormal swimming movement, pale 
gills, flatulence and ulcerated skin. Ulcerated 
skin can occurs in any part of the fish and often 
surrounded by red tissue. Other organs that are 
often affected by this disease are bile, digestive 
tract, liver, kidney. 
 In Day-8

th
 the feeding response in all 

potassium diformate treatments was returned to 
normal condition, this is due to the release of H

+
 

ions by potassium diformate which made acid 
condition (low pH level) in the digestive tract 
(Yustiati et al., 2019; Nugraha et al., 2020). 
Similar results also found by Kirchgessner et 
al., (1992), who reported that formic acid (in this 
case potassium diformate) can reduce Gram-
negative bacteria and increased lactic acid 
bacteria (LAB). LAB can proliferate at a 
relatively low pH condition, which means that 
they are more resistant to potassium diformate 
than Gram-negative bacteria. Furthermore, 
colonization of LAB inhibited pathogenic 
bacteria attachment and proliferation in the 
digestive tract. 

 



19 

 
Omni-Akuatika Vol. 16 No. 1 May 2020 : 11 - 23 

 

Table 3. Feeding response of nilem fingerlings 

Days- 
Treatment 

A (Control) B (0.1% PD) C (0.3% PD) D (0.5% PD) 

1 +++ +++ +++ +++ 

2 ++ +++ +++ +++ 

3 + ++ ++ ++ 

4 + ++ ++ ++ 

5 + ++ ++ ++ 

6 + ++ +++ ++ 

7 + ++ +++ ++ 

8 + +++ +++ +++ 

9 + +++ +++ +++ 

10 + +++ +++ +++ 

11 + +++ +++ +++ 

12 ++ +++ +++ +++ 

13 ++ +++ +++ +++ 

14 ++ +++ +++ +++ 

Description: (+) Low response to feed, (++) Moderate response to feed and (+++) High response to 
feed.

 In Day-8
th
 the feeding response in all 

potassium diformate treatments was returned to 
normal condition, this is due to the release of H

+
 

ions by potassium diformate which made acid 
condition (low pH level) in the digestive tract 
(Yustiati et al., 2019; Nugraha et al., 2020). 
Similar results also found by Kirchgessner et 
al., (1992), who reported that formic acid (in this 
case potassium diformate) can reduce Gram-
negative bacteria and increased lactic acid 
bacteria (LAB). LAB can proliferate at a 
relatively low pH condition, which means that 
they are more resistant to potassium diformate 
than Gram-negative bacteria. Furthermore, 
colonization of LAB inhibited pathogenic 

bacteria attachment and proliferation in the 
digestive tract. 
 
3.4.3. Fish Motion Response 

Fish swimming movement response 
toward shock was observed for 14

th
 days after 

injection of A. hydrophila. According to Olga 
(2012), fish which is infected with the A. 
hydrophila will have a decreasing swimming 
movement and tend to swim on the surface of 
the water. This is due to damage to the fins 
which affects swimming movements to become 
unstable. The results of observations toward 
swimming response of nilem fingerlings infected 
by A. hydrophila are shown in Tabel 4. 

 
Table 4. Swimming response of nilem fingerlings infected by A. hydrophila 

Days- 
Treatment 

A (Control) B (0.1% PD) C (0.3% PD) D (0.5% PD) 

1 ++ ++ ++ ++ 

2 ++ ++ ++ ++ 

3 + ++ ++ ++ 

4 + ++ ++ ++ 

5 + ++ ++ ++ 

6 + ++ ++ ++ 

7 + ++ ++ ++ 

8 + ++ ++ ++ 

9 + ++ ++ ++ 

10 + ++ ++ ++ 

11 + ++ ++ ++ 

12 + ++ ++ ++ 

13 + ++ ++ ++ 

14 + ++ ++ ++ 

Description: (+) Motion response is not normal and (++) Motion response is normal 
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Table 5. Water quality observations 

Treatment 
Parameter 

Temperature (
o
C) pH Dissolved Oxygen (DO) (mg L

-1
) 

A (Control) 24.3 - 25 7.58 – 7.75 5.9 – 6.7 
B (0.1% PD) 24.2 - 25 7.59 – 7.75 5.9 – 6.7 
C (0.3% PD) 24.2 - 25 7.55 – 7.71 5.9 – 6.5 
D (0.5% PD) 24.3 – 25.1 7.55 – 7.71 5.8 – 6.5 

Standard 
20-28 

(Serdiati, 1988) 
6.5 – 8.5 

(SNI) 
≥ 5 

(SNI) 

 
 Based on Table 4, nilem fingerlings from 
all treatment had a normal movement response 
on challenged test Day-1

st
 after A. hydrophila 

injection. However, nilem fingerlings from 
treatment A began to show changes in 
swimming movement such as slow response, 
moving towards the oxygen source, staying at 
the bottom of the aquarium and having no 
motion response toward the shock stimulant. 
This is allegedly due to the damage on the body 
surface and lack of nutrient intake.  
 Nilem fingerlings in treatment B, C and D 
showed normal motion response after 
challenged test. The fish showed agile 
movement and respond to the shock stimulant. 

3.5. Water Quality 
 
 Bad water quality may cause the stress on 
fish. Therefore, the water quality in this 
research was well maintained to prevent stress 
on fish before the challenged test. Observation 
of water quality was carried out six times 
(weekly) during the research (from the first day 
of treatment until the end of the challenged 
test), includes measurement of temperature, 
acidity (pH) and dissolved oxygen (DO) levels. 
The results of water quality observations during 
the research can be seen in Table 5. 

The results of the observations in Table 5 
showed that water quality measurements during 
research still meet the existing standards. The 
average temperature measurement values for 
each treatment ranged from 24.2 - 25.1 ⁰C, the 
average pH measurements ranged from 7.55 - 
7.75 and the average DO measurements 
ranged from 5.8 - 6.7 mg L

-1
. These results 

showed that the addition of potassium diformate 
in treatments B, C and D did not affect water 
quality which is still met the standards in 
accordance with Serdiati (1988) and the 
Indonesian National Standard (SNI) in 1999 for 
cultured carp. 

 
4. Conclusion 
 

Based on the results, it can be concluded 
that potassium diformate addition with a dose of 
0.3% is the most effective to increase the 
immune performance of nilem fingerlings which 

can be seen from the increase in the number of 
leukocytes and erythrocytes after 28 days of 
treatments. After being challenged by A. 
hydrophila for 14 days there was a decrease in 
the number of leukocytes by -23.60%, an 
increase in the number of erythrocytes by 
5.92% and a survival rate of 81.67% while 
survival rate in control was only 16.67%. 
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