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Abstract
The aim of the study was to determine the effect of different levels of BioAcid Ultra on growth performance,
survival, enzymatic activity, hematological and biochemical parameters of fingerlings rainbow trout. For this purpose,
900 fish were stocked in three treatments at the Concrete pools and fed 4 times a day by 0.1% and 0.2% of BioAcid
Ultra (T1 and T2) for 60 days. After 60 days feeding on the experimental diets, there were no significant difference
(P>0.05) was observed in survival of fish. Groups of fish which were fed diet supplemented with 0.1% and 0.2% Bio
Acid Ultra displayed improved (P<0.05) growth performance, including GBM and SGR. No significant differencein
enzymatic activity (Alkaline Phosphatase (ALP), Alanine aminotranferase (ALT) and Asparatate aminotransferase
(AST)) and hematological parameters (Red blood cells (RBCs), white blood cells (WBCs), hemoglobin (Hb) and
Hematocrit (Hct)) was observed between T1, T2 and control group (P>0.05). No significant difference (P>0.05) in
serum Glucose, Triglyceride and TP was observed in treatments and control group. The results of the present study
showed a significant (P<0.05) decrease in Globulin in T1, whereas serum albumin was higher in T1 when compare
with control group (P>0.05). In the present study, the best performance of fish in terms of growth performance in
fingerlings rainbow trout, was recorded at organic acids at a 0.1% dose.

Keywords: BioAcid Ultra; Growth performance; Enzymatic activity;
Biochemical; Rainbow trout
Introduction
Successful production of fish depends on the availability of suitable
food that can be caused inhancment of health and growth especially
in the larval stage [1]. One of many strategies to improve fish health
and performance in aquaculture is by including feed additives such as
amino acid, antibiotic and organic acid to produce functional feeds
[2]. Use of the antibiotic growth promoters in fish feed improves
their growth, feed conversion and survival rate. However, these
antibiotics produce resistance in micro-biota of fish that may lead to
cross–resistance among human. Consequently, researchers focused on
alternative additives such as organic acids, probiotics, herbs, enzymes
and essential oils. Among them, short-chain organic acids are of special
interest due to their beneficial effects in preservation of feed [3-5].

thus lowering the uptake of possibly pathogenic organisms and their
toxic metabolites by the farm animals [14]. They reduce the pH level
in the stomach, particularly in the small intestine, through delivery of
H+ ions, and on the other hand they inhibit growth of Gram-negative
bacteria through the dissociation of the acids and the production of
anions in side bacterial cells [15,16]. Positive effects of organic acids on
protein hydrolysis have been demonstrated [15]. Feed supplementation
with organic acids has been shown to lead to lower duodenal pH,
improved nitrogen retention and increased nutrient digestibility [16].
Despite the discrepancies among the published data, more research
is needed to better understand the potential beneficial effects of these
compounds and their mixtures. Therefore, in the present study attempted
to investigate the effects of different levels of BioAcid Ultra (Buffer mixture
of formic acid, propionic acid and lactic acid) on growth performance,
survival, enzymatic activity, hematological and biochemical parameters of
fingerling rainbow trout (Oncorhynchus mykiss).

Organic acids and their salts have been used as feed additives
functioning as acidifiers of animal feeds. Such organic acids, including
acetic, butyric, citric, formic, lactic, malic, propionic and sorbic acid
have been shown to improve health and growth performance in
livestock [6]. The beneficial effects of acid-preserved products caught
the attention of the scientific community, leading to the investigation
of the effects of these short-chain acids in fish feeds. The use of organic
acids has been reported to enhance of nutrient utilization, growth
performance, digestibility, mineral absorption, alter gut microflora
population and increase the disease resistance in aquaculture [7]. The
pastive effcts of acidifiers in different species including rainbow trout
(Oncorhynchus mykiss) [8], red hybrid tilapia (Oreochromis sp.) [9],
rohu (Labeo rohita) [10], yellow catfish (Pelteobagrus fulvidraco) [11],
Beluga (Huso huso) [12], and red drum (Sciaenops ocellatus) [13] have
been demonstrated.
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In animal nutrition, acidifiers exert their effects on performance
via different mechanisms. Acidifiers function as conserving agents by
reducing the pH of the feed, thereby inhibiting microbial growth and
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Materials and Methods
Diet experimental design
Commercial trout diet as basal diet was purchased from Chineh
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Company, Tehran, Iran. Biochemical analysis of basal diet and
treatmen diets showed in Table 1. BioAcid Ultra was purchased from
Aria trading company Dallman (exclusive representative Biochem,
Germany). Based on dietary levels of organic acids used in previous
studies with fish, which range from 0.1% to 3.0% [11-18], level of
BioAcid Ultra (0.1% and 0.2%) in two treatments were evaluated. Two
experimental diets were prepared by supplementing the basal diet with
0.1% (T1) and 0.2% (T2) BioAcid Ultra. Pellets are maintained in the
refrigerator at 4°C until use.

Fish and experimental condition
Water quality parameters such as temperature and dissolved
oxygen were measured daily by Thermometer and oxygen meter
(Model WTW320I), respectively. They were kept under optimal range.
Nine hundred rainbow trout fingerlings (average weight 10 ± 0/05
g) were purchased from Private detective propagation and rearing of
salmon (Lorestan, Iran). In this study, 9 Concrete pools (0.8 × 4 × 2 m)
were designed. Two feeding treatments (T1 and T2) and one pool as
control were conducted as follows:
Control = basal diet (no BioAcid Ultra).
Treatment
=
1 (T 1)

basal diet + 0.2% BioAcid Ultra.

Three replicates were maintained for each treatment. Each pool
was connected to a flow-through water system. After an initial 14 days
acclimation period, fingerlings were randomly distributed in pools
(100 fingerlings per pool).
Fingerlings were fed based on their body weight and temperature
4 times (06:00, 12:00, 18:00 and 24:00) a day at 3% of body weight [19],
for a period of 60 days.

Growth Performance and survival rate
Growth performance, weight and length of Fish (20 fish per pool) was
monitored once every 15 days following a 12-h starvation until the end
of experiment. Growth performance and survival rate of the fingerlings
rainbow trout were calculated using the following Formula [20,21].
FCR ( Feed conversion ratio ) = F / ( Bt – B0 ) ;
SGR % d − 1 ( Specific growth rate ) =

( Ln Wt

100 × (Wt / TL3 ) ;

GBM ( Gain of body mass ) = Wt – W 0;
Survival rate
= 100 × ( Nt / N 0 ) .

Where: F: relative food intake (g), Bt and B0: final and initial fish
biomass (g); Wt and W0: final and initial body weight (g); t: time of
rearing (days); TL: total length; Nt and N0: final and initial fish number.

Blood sampling
After a 60-day rearing period, five fish from each treatment (three
from each tank) were quickly anesthetized using Clove powder (200
mg/l) then body surface of fingerlings rainbow trout were cleaned
with blotting paper to avoid any contamination. Blood was collected
using a hypodermic syringe from the caudal blood vessels [22]. The
blood samples were transferred to heparinized tubes for hematological
parameters and non-heparinized tubes to obtain serum for biochemical
parameters. The blood was centrifuged at 3,000 rpm for 10 min at
4°C based on Pradhan et al. [23] and Nelson and Somogyi [24]. The
collected plasma and serum were stored at -70°C for further analyses.

Hematological parameters

basal diet + 0.1% BioAcid Ultra and

Treatment
=
(T 2 )

CF or K ( Condition factor
=
)

− Ln W 0 ) × 100 / t ;

Red blood cells (RBCs) and white blood cells (WBCs) were counted
under a light microscope using a Neubauer hemocytometer with
Hayem’s solution as the diluting fluid for RBC and Truck’s solution
for WBC [23,25]. The hemoglobin (Hb) concentrationwas analysed
following the cyanmethemoglobin method [26]. Hematocrit (Hct)
was determined by centrifuging blood in heparinized microhematocrit
capillary tubes at 3,500 rpm for 10 min [27]. The relative numbers of
the types (lymphocytes, neutrophils and monocytes) in the stained
peripheral blood were recorded [28], and the percentage of each blood
type was calculated as the average blood cell type/sum of averages of all
types of blood cells × 100 [29].

Serum biochemical factors
Biochemical indices, including glucose, total protein, albumin,
triglyceride and cholesterol in serum were analyzed using commercial
kit (Pars Azmun Co. Ltd., Tehran, Iran) and measured by a
spectrophotometer (Model WAP-S2000-UV/VIS, Cambridge-UK)
following the manufacturer’s instructions [24,30]. Globulin levels are
calculated by subtracting the amount of albumin from total protein [31].

Enzymatic assays
Ingredient (%)

Basal diet

T1

T2

Fishmeal

50

50

50

Soybean meal

20

20

20

Wheat flour

12

12

12

Fish oil

10

10

10

Vitamin premixa

2

2

2

Mineral premixb

1.5

1.5

1.5

Filler

4.5

4.5

4.5

Crud protein

44.00

44.10

44.13

Lipid

13.00

13.53

13.41

Moisture

11.00

11.00

11.00

Ash

13.00

13.48

13.78

Proximate composition (% wet weight)

Contains (mg/kg food): E (30), K (3), niacin (40), thiamine (2), riboflavin (7),
pyridoxine (3), folacin (1.5), pantothenic acid (18), biotin (0.7) and cyanocobalamin
(0.18).
b
Contains (mg/kg food): Mg (100), Zn (60), Fe (40), Cu (5), Co (0.1), I (1) and
Antioxidant (100).
a

Table 1: Ingredient and proximate composition of basal diet and experimental diets.
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Alkaline Phosphatase (ALP), Alanine aminotranferase (ALT) and
Asparatate aminotransferase (AST) were assayed using commercial kit
(Pars Azmun Co. Ltd., Tehran, Iran) and measured by an autoanalyzer.
ALP was measured according to Bessey et al. [32]. ALT and AST were
measured according to Huang et al. [33].

Data analysis
All data are shown as mean ± SD (standard deviations). Normality
of data was tested by Shapiro-Wilk's test. Data were subjected to oneway ANOVA and significant difference between the treatments was
determined by Duncan's test. The values of P<0/05 were considered
significantly different. All analyses were performed using statistical
software SPSS (version, 17).

Results
The growth performance and survival of fingerlings rainbow trout
fed diets supplemented with varying levels of dietary BioAcid Ultra
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is presented in Table 2. There were significant differences (P<0.05)
in growth performance between treatments and control group. No
significant difference (P>0.05) in survival was observed in fish fed
different diets for 60 days. Fish that were fed diet supplemented with
0.1% and 0.2% Bio Acid (T1 and T2) displayed improved (P<0.05)
growth performance, including GBM and SGR. The amount of CF and
FCR in the T1 was significantly higher than the control group (P<0.05),
but there were no significant difference (P>0.05) between T2 and
control group and between T2 and T1 (Table 2).

on biochemical blood parameters are shown in Table 4. No significant
difference (P> 0.05) in serum Glucose, Triglyceride and total protein
was observed in treatments and control group. Fish fed on diet
supplemented with 0.1% and 0.2% BioAcid Ultra (T1 and T2) showed
significantly (P< 0.05) higher Albumin contents. The serum Globulin
level was significantly (P< 0.05) decreased in fish fed diets containing
0.1% BioAcid Ultra. No significant difference (P>0.05) in serum
Globulin was observed in T2 and control group, and in T1 and T2
(Table 5).

Effects of different levels of dietary BioAcid Ultra on hematological
parameters of fingerlings rainbow trout are presented in Table 2. No
significant difference (P> 0.05) in RBC, Hct and Hb was observed
in treatments and control group for 60 days. Although there was
significant difference (P<0.05), in WBC between T1, T2 and control
group (Table 3). The percentage of the lymphocytes, neutrophils and
monocytes showed no significant changes between treatments and
control group (Table 4).

Effects of different levels of dietary BioAcid Ultra on enzyme
activity of fingerlings rainbow trout are presented in Table 5. There
was no significant (P>0.05) effect in fish fed on diet supplemented with
0.1% and 0.2% BioAcid Ultra as compared to control groups (Table 6).

Discussion
Growth rate is considered as an important index for the
determination of economic efficiency of commercial fish culture and
is affected by number of factors [34]. Organic acids are of one of them
that show beneficial effects in preservation of feed [3-5]. A number of
previous studies indicate that a broad range of organic acids, their salts
or mixtures of those can improve growth and feed utilization [6-14].
Adding organic acid blend (formic acid and its salts as well as sorbic
acid) to the diet of rainbow trout fingerlings significantly improves SGR
of the fish when compared to the control [35]. This result is in agrement
with our result that organic acids at a 0.1% dose can improve growth
performance in fingerlings rainbow trout. Similary, Baruah et al. [17]
suggested the addition of citric acid in diets significantly increased the
weight gain (WG) and the SGR of carp juveniles, while it reduced the
FCR. Castillo et al. [13] suggested improve growth performance in
juvenile red drum may be in part due to an increment in the activity
of digestive enzymes, because pepsin activity, pancreatic enzyme
activities (trypsin and lipase) and intestinal enzyme activities (leucinaminopeptidase and phosphatases) were higher with the inclusion of
organic acids in the diet. However, phytase and organic acid showed
no significant effect on growth performance in juvenile yellow catfish
(Pelteobagrus fulvidraco) [11]. It seems that effects of organic acids on fish
depend on the fish species, type of organic acid and dosage used [6].

Effects of varying doses of dietary BioAcid Ultra supplementation
GBM(g)

SGR (%)

CF (g/cm)

FCR (%)

Survival (%)

T1

82.44 ± 5.50a

2.50 ± 0.12a

1.06 ± 0.06a 0.77 ± 0.01a

97.33 ±
2.51a

T2

77.68 ± 0.03a 2.4000 ± 0.02a 0.99 ± 0.03ab 0.79 ± 0.01ab

99.00 ±
1.00a

Control

65.82 ± 2.88b 2.0867 ± 0.18b 0.87 ± 0.09b 0.84 ± 0.05b

98.00 ±
1.73a

Values with different superscript letters denote significantly different means within
each column (P<0.05).
Table 2: Effects of varying doses of dietary BioAcid Ultra on Growth performance
and Survival of O. mykiss at the end of feeding trial.
Hct (%)

Hb (g/dL)

T1

RBC (a106/mm3) WBC (a103/mm3)
1.23 ± 0.09a

8.49 ± 0.81a

51.50 ± 9.19a

4.0767 ± 0.67a

T2

1.24 ± 0.24a

9.10 ± 0.70a

52.25 ± 6.01a

4.0667 ± 0.36a

Control

0.92 ± 0.11a

6.82 ± 0.02b

41.50 ± 2.12a

3.9400 ± 0.14a

Values with different superscript letters denote significantly different means within
each column (P<0.05).
Table 3: Effects of varying doses of dietary BioAcid Ultra on hematological parameters
of O. mykiss at the end of feeding trial.
Monocytes

Neutrophils

Lymphocytes

T1

1.50 ± 0.71a

3.50 ± 2.12a

95.00 ± 1.41a

T2

1.00 ± 1.41a

1.00 ± 1.41a

98.00 ± 0.00a

Control

1.33 ± 2.31a

2.67 ± 2.31a

96.00 ± 4.00a

Hematological parameters including RBC, WBC (both number and
the percentage of Lymphocytes, Neutrophils, Monocytes) Hb, Hct are
important factors that could be considered during the fish diet quality,
fish conditions and toxic effect of substances assessment [36]. These
factors are considered valuable indices to assess fish health [37,38]. Our
result revealed that dietary addition of 0.1% and 0.2% BioAcid Ultra
showed no change on hematological parameters (except WBC ) as well
as the percentage of Lymphocytes, Neutrophils and Monocytes, that
means adding BioAcid Ultra in dosage 0.1% and 0.2% has no effect

Values with different superscript letters denote significantly different means within
each column (P<0.05).
Table 4: Effects of varying doses of dietary BioAcid Ultra on the percentage of the
lymphocytes, neutrophils and monocytes in O. mykiss at the end of feeding trial.
Glucose (mg/dl)

Triglyceride (mg/dl)

Cholesterol (mg/dl)

TP (mg/dl)

Albumin (mg/dl)

Globulin (mg/dl)

T1

125.00 ± 49.87a

261.33 ± 61.72a

216.67 ± 23.07a

5.98 ± 0.11a

2.49 ± 0.41a

3.49 ± 0.34b

T2

110.00 ± 44.53

318.67 ± 129.10

277.67 ± 7.64

5.98 ± 0.04

2.15 ± 0.31

ab

3.83 ± 0.27ab

Control

145.00 ± 9.54a

1.60 ± 0.10b

4.22 ± 0.17a

a

a

312.67 ± 2.52a

a

268.33 ± 84.69a

a

5.82 ± 0.09a

Values with different superscript letters denote significantly different means within each column (P<0.05).
Table 5: Effects of varying doses of dietary BioAcid Ultra on biochemical blood parameters of O. mykiss at the end of feeding trial.
ALP (U/L)

ALT (U/L)

AST (U/L)

596.76 ± 39.64a

21.67 ± 4.04a

546.67 ± 143.85a

T2

575.60 ± 18.31a

23.33 ± 5.51a

486.33 ± 86.87a

Control

603.64 ± 21.17a

22.33 ± 4.04a

570.33 ± 25.42a

T1

Values with different superscript letters denote significantly different means within each column (P<0.05).
Table 6: Effects of varying doses of dietary BioAcid Ultra on enzymatic activity of O. mykiss at the end of feeding trial.
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on health and immune system of rainbow trout fingerlings. Baruah et
al. [10] reported a significant increase in Hb, Hct, while no effect was
observed on WBC and RBC counts in rohu juveniles fed on 3% citric
acid and 500 U/kg phytase. Khajepour et al. [37] revealed that adding
3% citric acid in diet significantly increased (P<0.05) Hb content and
Hct values in Beluga. Although, 3% citric acid showed no effect on RBC
and WBC count which reflects that diet acidification does not cause
any stress (dietary imbalance) that usually cause an increase in WBCs
count [37]. In another study, 3% citric acid in Red sea bream showed
no effect on Hct [39]. On the other hand, 1% and 2% citric acid in Red
sea bream [40], and 3% citric acid in Common carp [37] increased Hct.
In the case of fingerlings rainbow trout, our results in agreement with
the results of Khajepour et al. [37] in Beluga. Similarly in the case of Hb
and Hct, our result in agreement with the results of Sarker et al. [39].
In this study, fish fed dietary 0.1% and 0.2% BioAcid Ultra showed
no effect on total serum protein, Glucose, Triglyceride and Cholesterol.
Similarly, serum glucose and total proteins in Beluga were not affected
by citric acid inclusion which indicates that acidification does not
cause any metabolic stress [37]. However, Baruah et al. [10] reported
significant increases in total protein, albumin and globulin values were
observed in rohu juveniles fed on 3% citric acid and 500 U/kg phytase.
on the other hand in present study Globulin and albumin decreased
and increased in T1, resspectively. Similar results have been reported
by Baruah et al. [10] that 3% citric acid increased albumin in rohu
juveniles.
Bitiren et al. [41] indicated that significant increase in the activities
of serum ALP, AST and ALT are considered as the response of
organism to stressors. Our data show that fish fed dietary BioAcid
Ultra had no effect on ALP, ALT and AST of fingerlings rainbow trout.
Therefore, we can state that fish could tolerate the addition of 0.1%
and 0.2% BioAcid Ultra without any deleterious effects on fish. These
results are in full agreement with those of El-Kerdawy [42]. In another
study, Ashouri et al. [43] indicated the activity of ALT was significantly
higher in fish fed on 2 mg nano-Se/kg; but no significant differences
were found in serum ALP activity among the experimental groups. In
the present study, similar results of using BioAcid Ultra in Rainbow
trout to other studies were found. Therefore, there are many beneficial
effects of using organic acids in fish performance, but there are also
reports in which no effect was found.

Conclusion
In conclusion, Observed difference in different studies indicates
differences in fish species, sources and levels of organic acids in
response to organic acids. In the present study, the best performance
of fish in terms of growth performance in fingerlings rainbow trout,
was recorded at organic acids at a 0.1% dose without any deleterious or
stressor effects on fish.
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