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Abstract 
 
This study was conducted to evaluate the feed utilization and protein effect ratios of 

combined and single diet administration of potassium di formate (KDF) in juvenile 

rainbow trout (Oncorhynchus mykiss). 600.000 trout fry were stocked as 50.000 in 

each cage and were fed 3 meals a day in the range of 25-80 grams and two meals a 

day up to 80-250 grams (until harvest time) and fed with commercial feeds until 

satiation. 3 kg/ton (T1), 5kg/ton (T2) and 7 kg/ton (T3) KDF were added to the diets 

and given to fish for 11 months. In the study, when the specific growth rates (SGR) of 

fish were compared, the results obtained in the T1, T2 and T3 groups were generally 

higher than in the control group. While no significant difference was found between 

T1 and T2 groups (p>0.05), there is a significant difference between T3, the other 

experimental groups and the control (p<0.05). In the study, a significant difference was 

found between the feed conversion rate (FCR of all groups, (p<0.05)). When the 

protein efficiency ratio (PER) was compared to the control group and the other groups, 

a significant difference was detected, while the same situation was found among the 

KDF supplemented groups (p<0.05). While the survival rate (SR) was significantly 

different between the control and experimental groups (p<0.05), there was no 

statistical difference between the experimental groups (p>0.05). The results of the 

study showed that the application of 7 kg/ton KDF can be considered a useful feed 

additive and a growth promoter for rainbow trout juveniles. 

Introduction 
 

Rainbow trout is one of the most important 
freshwater fish species for aquaculture in the world. The 
most important features of this species are that it is 
extremely resistant to stress factors, the feed 
conversion ratio can be reduced to almost 1:1, the 
broodstock maturation and larval stage periods are 
shorter and easier than most marine fish, nutrient 

content, particularly it can be considered as a species-
rich in unsaturated fatty acids (Camire, 2001) With the 
total world fisheries production being close to 1.6 
million tons, it has gained an important place in 
aquaculture in Turkey and the annual production has 
reached the limit of 127.905 tons. Considering that the 
total amount of fisheries produced by aquaculture in 
Turkey is 421 thousand tons, how important is trout 
production for the country's fisheries (TUIK, 2020). 
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The origin of many additives used in the feed 
industry is based on the nutrition of terrestrial animals. 
As is known, the digestive system of trout is different 
from thatof terrestrial animals. Crude protein, which is 
present at the rate of 48% in the feed of carnivorous fish 
such as rainbow trout, from the larval stage onwards, 
decreases to 42% in the later life periods of the fish. This 
ratio in the feed content is obtained from raw protein-
rich animal origin fish meal, vegetable origin soybean 
meal and raw materials such as corn gluten 
(Rodehutscord., 1997) Fish meal is a raw material 
obtained from South American countries such as Peru 
and Chile and Northern European countries such as 
Norway and Denmark. In the supply of fishmeal 
containing 65-71% crude protein, a very limited amount 
of products can be found due to the laws in the 
mentioned countries for environmental protection and 
the development of natural fish populations. These 
difficulties in the supply of raw materials have deepened 
the search for solutions both by researchers dealing with 
fish nutrition and by fish producers looking for ways to 
reduce feed costs (Engin, 2020). 

Dietary acidifiers have shown to be effective in 
increasing growth performance and nutrient availability 
in various aquatic species. They reduce the pH of 
digestion of the stomach and foregut, which stimulates 
pepsin activity, and improves protein digestibility and 
mineral absorption (Lückstadts, C. 2007; Jun-sheng et 
al., 2006). The addition of citric acid/formic acid to the 
diet increases the bioavailability of minerals such as 
phosphorus, magnesium, calcium and iron in rainbow 
trout (Oncorhynchus mykiss), fangri (Pagrus major) and 
Indian carp (Labeo rohita) (Jun-sheng et al., 2006; 
Vielma et al., 1997). Today, some studies have reported 
that graded KDF levels affect the growth of aquatic 
organisms, feed use efficiency and protein retention 
efficiency (Zhou et al., 2009; Nermeen et al., 2015). Abu 
Elala and Ragaa (2013) stated that the addition of 2 or 3 

g kg-1 KDF to Nile tilapia (Oreochromis niloticus) diets 
significantly affected growth performance and feed use 
efficiency. However, oral administration of KDF 
significantly improved feed intake, body weight gain, 
feed conversion rate and protein productivity rate of 
various tilapia species (Liebert et al., 2010; Cuvin-Aralar 
et al., 2010). 

To the best of our knowledge, the effects of 
potassium di formate on rainbow trout have not been 
found in the experimental setting except for a few 
studies. This study aims to reveal the results of 
potassium di formate application on some growth 
parameters and FCR in rainbow trout in a commercial 
enterprise. 

 

Materials and Methods 
 

Fish stocking and feeding 
 

The study was carried out in a commercial trout 
cage system with three replicates which were located in 
Karkamış Dam Lake, Gaziantep - Turkey. A total of 
600,000 rainbow trout juveniles were used in the study. 
The fish with an average live weight of 25±0.5 g were 
stocked in a total of 12 net cages, with 50,000 in each 
cage. The fish were fed three meals a day in the range of 
25-80 grams, and 2 meals a day until the harvest time of 
80-250 grams. The feed was provided by Kilic Fish Feed 
Company and the nutrient contents of the feeds are 
given in Table 1. In the study, the feeds produced with 
KDF (Assay:98%, Moisture: ≤2.0%, sigma Commerce 
Corporation, Germany), (3kg, 5kg, 7 kg KDF / ton feed) 
and without KDF additive (Control Group) were given to 
the fry until the end of the study. The feeding of fish was 
done in triplicate. The feed amount given to the fish was 
recorded. Once every 15 days, 50 fish were taken from 
the net cages by random sampling method and stunned 
with tricaine methanesulfonate (MS-222,100 mg/L, 

Table 1. Nutritional composition of starter feed for trout. 

Ingredients Control diet T1 T2 T3 

Moisture (%) 7.9 8.3 8.2 8.3 
Protein (%) 48 48 48 48 
Fat (%) 12 12 12 12 
Ash (%) 7.8 7.8 7.7 7.9 
Crude Fiber (%) 1.97 1.94 2.07 1.96 
Brut Energy (kcal/kg) 4.900 max. 4.900 max. 4.900 max. 4.900 max. 
Digestable energy (kcal/kg) 4.360 4.360 4.360 4.360 
DP/DE (mg/kj) 29.50 29.50 29.50 29.50 
KDF (kg/t) 0 3 5 7 

 
 
 
Table 2. Growing parameters of Rainbow trout. 

Trials Initial 
weight(g) 

Final 
weight(g) 

FCR SGR (%) IFC (g) WG (g) PER SR (%) CF 

Control 25±1.25 250±15.2 1.43±0.03d 1.54±0.03c 309.16b 275.0±1.18d 1.98±0.28d 80.79±0.12b 1.150±0.12c 
T1 25±1.35 250±22.7 1.35±0.08c 1.58±0.02b 308.82b 287.5±0.96c 2.07±0.23c 81.27±0.01a 1.02±0.01b 
T2 25±1.28 250±33.4 1.22±0.01a 1.58±0.02b 290.61c 300.6±0.76b 2.30±0.21a 81.33±0.01a 1.00±0.01b 
T3 25±1,30 250±33.9 1.28±0.02b 1.60±0.05a 311.72a 306±1.32a 2.20±0.18b 81.30±0.01a 0.91±0.08a 
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buffered to pH 7.4). These fish were individually 
weighed on a balance with an accuracy of 0.1 g 
(Sartorius BSA224S-CW electronic balance) and their 
length (total) was determined using a 1mm partitioned 
measuring board. Against any fish diseases, commercial 
vaccination was applied. Water temperature, dissolved 
oxygen and pH were controlled throughout the study 
period (temperature 15±1, dissolved oxygen 
7.7±0.28.3±0.1 mg L-,1 and pH 7-7.8). Ammonia, nitrate, 
and nitrite concentrations in water are not between 
deadly impact levels as the quality of the water resource 
was drinking water quality. 

Growth performance indicators were calculated 
using the following formulas (Ricker, 1975): 

Specific growth rate (SGR,%day-1)= ln (final weight 
in grams) – ln (initial weight in grams) x100) / t (in days). 

Mean Daily Weight Gain (MDWG) = 100 x [(Total 
final weight – Total initial weight)/Days of the 
experiment] 

Survival (%) = 100 x (Total number of harvested fish 
/ Total number of initial stock) 

Condution factor (K) = W (weight) /L3 (length) × 100 
Protein efficiency ratio (PER) =wet weight gain (g) 

/total protein given (g). 
Feed conversation ratio (FCR) = Weight of feed 

given (g) / Fish WG (g) 
Dead fish in all experimental groups were 

immediately collected and removed daily from the cages 
and the number of dead fish was recorded. 
 
Statistical analysis 
 

The data obtained were statistically assessed by 
the analysis of variance (ANOVA, through the general 
linear model procedure of the SPSS14.0 software). The 
values were expressed as means ±standard error. 

Duncan's multiple range tests were used to test the 
significance of the difference between means by 
considering the differences significant at p < 0.05. 
 

Results 
 

When the FCRwas examined in the study, a 
significant difference was found when the control group 
was compared with the KDF added groups (p<0.05). The 
FCR of fish fed with KDF-added feeds provided better 
results than the control. When the experimental groups 
were compared among themselves, a significant 
difference was found in all three groups (p<0.05). 
Accordingly, the best FCR was seen in the T2 with a value 
of 1.22±0.01, followed by the T3 with 1.28±0.02 and the 
T1 with 1.35±0.08. 

When comparing specific growth rates in fish, in 
general, fish fed with all KDF added feeds had a higher 
SGR than feeds without KDF added. While no significant 
difference was found in the T1 and T2  (p>0.05), a 
significant difference was found in the T3 with other 
groups and the control group (p<0.05). Accordingly, the 
highest SGR ratio was found in the T3 with 1.60±0,05. 

The fish whose average initial live weight of 25±0.7 
g in the study achieved higher individual weight gain as 
a result of the 160-day feeding-raising period compared 
to the feeds without KDF added. When the control 
group and other groups were compared, a significant 
difference was detected, while the same situation was 
also detected among the KDF supplemented groups 
(p<0.05). According to the results obtained, the highest 
individual weight gain was found in the T3 with 
306±1.32 g (Figure 1). 

The protein efficiency ratio was best seen in the 
groups fed with KDF added feeds compared to the 
groups fed with feeds without KDF addition. When the 

 
Figure 1. Variations of SGR; %, FCR and PER of the experimental fish during the trial period. 
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control group and other groups were compared, a 
significant difference was detected, while the same 
situation was also detected among the KDF 
supplemented groups (p<0.05). According to the results 
obtained, the best PER was found in the T2 group with 
2.30±0.21. 

When the survival rates of the fish were compared, 
a significant difference was found between the control 
and experimental groups (p<0.05), while there was no 
statistical difference between the experimental groups 
(p>0.05). Accordingly, the highest survival rate was 
found in the T2 group with 81.33%. 

While no significant difference was observed in the 
condition factor T1 and T2 groups (p>0.05), a significant 
difference was found in the control and T3 groups 
(p<0.05). 

The highest fillet meat wastage rate was found in 
the control group, and the experimental groups gave 
better results than the control group (Table 2). 
 

Discussion 
 

In aquaculture, the use of fish feed additives such 
as probiotics, organic acids and their salts has been 
attracting attention recently, both to increase growth 
performance and to control diseases (Lückstadt, 2006). 
All these compounds have been reported to increase the 
survival rate and growth performance in aquatic species 
by improving the function of digestive enzyme activity 
and immune responses (Guardiola et al., 2016). 

In the study, parameters such as specific growth 
performance (SGR), FCR, Individual live weight gain (GR), 
Protein efficiency rate (PER), Survival rate (SR), 
Condition factor (CF) and meat waste rate were 
determined by adding potassium di formate to trout 
feeds. . Studies on feed additives in trout show that the 
results of issues related to probiotic additives are mostly 
revealed (Park et al., 2016; Zorriehzahra et al., 2016). It 
is seen that a few studies in which there are almost no 
studies on potassium di formate are carried out in 
experimental environments and with a low number of 
individuals (Farsani et al., 2020). 

Some studies have been carried out on the subject 
in different species and it has been revealed that the 
growth of fish can be increased by using some organic 
acids. Recently, effects of KDF on Oreochromis niloticus 
(Nermeen et al., 2015), Salmo salar (Morken et al., 2012) 
and Sciaenops ocellatus (Castillo et al., 2014) have been 
reported. Vielma and Lall, (1997) reported that formic 
acid supplemented diet led to better absorption of P, Mg 
and Ca in rainbow trout. Luckst et al., (2008) noted no 
significant improvement in intestinal pH in KDF-fed 
Atlantic salmon (Salmo salar), although improved 
digestibility of protein, dry matter and gross energy was 
observed. Farsani et al., (2020) reported that KDF had 
positive effects on SGR, FCR and SR in their study on 
rainbow trout. These results are in parallel with our 
results.  

It is striking that the studies on the subject focus on 
tilapia species. It is seen that the studies are conducted 
on low populations in low-scale production or 
experimental environments, and low doses of KDF are 
used in parallel with this (Ramli et al., 2005; Lim et al., 
2010; Cuvin-Aralar et al., 2010). In this context, various 
factors such as species and physiological age of 
experimental fish, type and level of organic acids, diet 
composition and culture conditions can all influence the 
manifestations of potential growth-promoting effects of 
dietary organic acids in aquaculture (Wing-Keong et al., 
2009). The results we obtained showed parallelism with 
the previous studies, moreover, in the study, not only 
the SGR and FCR results but also the parameters such as 
GR, PER and CF were revealed. However, the study 
differs from other studies in that it was carried out on a 
high number of individuals in a commercial mesh cage 
business. 
 

Conclusion 
 

As a result, in this study, which lasted 
approximately 11 months, it was revealed that the 
addition of 7 kg/ton KDF to rainbow trout feeds had a 
positive effect on growth performance and FCR rate. 
This study provides encouraging evidence for the use of 
such additives in aquaculture. In the future, the 
development of studies on different cultured fish and 
increasing the trials will make significant contributions 
to improving the aquaculture industry and potentiate 
fish welfare. 
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