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Abstract The dietary supplementation of acidifier in Cirrhinus mrigala juvenile was evalu-
ated in terms of change in growth, autochthonous intestinal microbiota and haemato-
biochemical parameters for period of 60 days. Acidifier was added at a level of 0 (control
diet), 0.5, 1 and 1.5% to the practical pellet diet. At the end of the experiment, growth
parameters, survival, bacillus bacterial population, haematological and immunological param-
eters were analysed. Higher WG%, SGR and PER and lower FCR (P < 0.05) was found in
group fed 1.5% OA. Lysozyme activity and respiratory burst activity (nitroblue tetrazolium)
were significantly affected by dietary 1.5% acidifier (P < 0.05). In fish fed on the diet with
1.5% acidifier showed a significant increase of total heterotrophic autochthonous bacterial and
Bacillus levels (P < 0.05) compared with those fed on the diets supplemented with organic
acid. In addition to increase in WBC, RBC, haemoglobin and platelets count levels were
observed in this group. Relative % survival rate was found to be higher in the fish fed on 1.5%
acidifier after challenging with Aeromonas hydrophilla bacteria. These results indicated that
dietary supplementation of acidifier at a dose of 1.5% improved growth performance and
enhanced the beneficial intestinal microbiota and stimulate immune response of Cirrhinus
mrigala juvenile.
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Introduction

The awareness campaigning and constant criticism by socio-environmentalists promotes
the aquaculture industry to adopt environment-friendly practices in all fields of fish and
shrimp production, if sustainability is to be achieved (Williams et al. 2000). Growing
awareness from consumers and producers has enhanced the desires for responsible and
sustainable aquaculture.

One of many strategies to improve fish health and performance in aquaculture is by
including feed additives to produce functional feeds. Feed additives are non-nutritive
ingredients that are included in diet formulations to influence physical and chemical
properties of the feed for improving fish performance (NRC 2011). 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 of livestock and poultry
by altering the gastrointestinal tract function and energy metabolism, increasing the
availability of nutrients and inhibiting the growth of pathogenic bacteria (Lückstädt
2008). These organic acids and their salts have been approved by the European Union
to be suitable alternatives of AGP for livestock for enhancing performance of particular
organisms.

In general, organic acids comprise short-chain fatty acids (C1-C7), volatile fatty acids and
weak carboxylic acids with one or more carboxyl groups in their structure. The mechanism of
action of these weak acids in limiting microbial growth had been reviewed by Booth and
Stratford (2003). Organic acidifier can improve the general health status of cultured animals by
its stronger antimicrobial effect towards gram-negative bacteria, such as Escherichia coli and
Salmonella sp., than towards lactobacilli (Zhou et al. 2009). The undissociated form of an
organic acid is lipophilic and can passively diffuse through the cell wall of pathogenic
bacteria. In the more alkaline cytoplasm of bacteria, organic acid dissociates and causes
the internal pH to decrease. This inhibits bacterial cell metabolism and enzyme activity.
Thus inhibit the growth of pathogens especially gram-negative bacteria in fish gut but acid
tolerant bacteria like Lactobacillus spp. etc. remained unchanged or may even be enhanced
in numbers (Zhou et al. 2009).

Dietary acidifiers have demonstrated effectiveness in enhancing the growth perfor-
mance and the nutrient availabilities in various aquatic species as they lower down the pH
of the digesta of the stomach and the foregut, which results in stimulating the pepsin
activity, increasing protein digestibility and mineral absorption (Lückstädt 2007; Jun-
sheng et al. 2006). Dietary inclusion of citric acid/formic acid enhances the bioavailability
of minerals, including phosphorus, magnesium, calcium and iron in rainbow trout (Onco-
rhynchus mykiss) and sea bream (Pagrus major) (Jun-sheng et al. 2006; Vielma and Lall
1997). It was reported that the total bacteria per gram of faeces was significantly reduced
in the fish fed with an organic acid blend and potassium diformate diets (Ng et al. 2009).
Similarly, in marine shrimp propionate, butyrate and acetate salts display the highest
inhibitory capacity against vibrio species (Da Saliva et al. 2013), as these acids can
penetrate through the cell wall of gram-negative bacteria and release protons into the
cytoplasm. Thus, the bacteria use a large amount of ATP to excrete protons in trying to
maintain a balanced intracellular pH and result in the depletion of cellular energy with
eventual cell death (Defoirdt et al. 2009). Dietary supplementation of acidifier increased
growth, survival and reduced FCR in Arctic charr Salvelinus alpinus (Ringo 1991),
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rainbow trout Oncorhynchus mykiss (deWet 2005), tilapia (Ramli et al. 2005) and catfish
Clarias gariepinus (Owen et al. 2006) and Kuruma shrimp Masurpenaeus japonicas
(Tung et al. 2006). To our knowledge, there have been no previous reports on the acidifier
(mixture of formic acid and calcium propionate in 1:1 ratio) to influence growth, nutrient
utilization, survival and the humoral and cellular non-specific immunity of Cirrhinus
mrigala which is an important fish species in tropical countries. Hence, the current study
was carried out to assess the effect of dietary supplementation of acidifier on growth
performance and haemato-biochemical parameters of Cirrhinus mrigala juvenile.

Materials and methods

Acclimation of experimental fish

Juveniles of mrigal, Cirrhinus mrigala were procured from Palghar fish farm, Panvel,
Maharashtra, India. Fish were transported in 21 l polythene pack with sufficient oxygen
(20 fish/pack). On reaching the wet laboratory, they were carefully transferred to a
circular tank (1000 l) and were left undisturbed the whole night with aeration. In the
next day, in order to ameliorate the handling stress, the fish were given a mild salt
treatment followed by antibiotic treatment using oxytetracycline at the rate of 15 mgl−1

(APHA– AWWA – WEF 1998) for first 3 days. Water was exchanged every 24 h for first
2 days and later only 50% water was exchanged for every 3 days. The stock was
acclimatized under aerated conditions for a period of 15 days and was fed with a practical
diet containing 30% crude protein.

Experimental design, set up and fish maintenance

The experiment was conducted for a period of 60 days in the wet laboratory of the
Aquaculture Division, CIFE, Mumbai, Maharastra, India. Total 12 plastic rectangular tubs
(80 × 57 × 42 cm, 150 l capacity) covered with perforated lids were used for conducting
the experiment. The tubs were initially washed and filled with potassium permanganate
solution (4 mg l−1) and were left overnight. Then they were flushed out the very next day
and were thoroughly washed with clean water. One hundred eighty acclimatized finger-
lings of mrigal with initial body weight ranging from 2.87 ± 0.01 g to 3.26 ± 0.05 g were
randomly distributed in the three replicates of each of four experimental groups such as
control (without organic acid, OA), 0.5% OA, 1% OA and 1.5% OA using completely
randomized design (CRD). Mixture of formic acid and calcium propionate in 1:1 ratio was
used as organic acid source in this experiment. Feed was given at 2.5% of the body weight
for 60 days, twice in day at 8:00 and 18:00 h under normal light regime (light/dark: 12/
12 h). Uneaten feed and faecal matters were siphoned out daily with about 75% water
exchange. The water quality parameters, i.e. temperature, pH, dissolved oxygen (DO),
carbon dioxide (CO2), ammonia-nitrogen and nitrite-nitrogen were recorded every week.
Dissolved oxygen (DO) and pH ranged from 6.46 to 7.12 mgL−1 and 7.4 to 8.5,
respectively. The total ammonia and nitrite levels varied between 0.22–0.49 mgL−1 and
0.03–0.15 mgL−1, respectively. Water temperature varied from 27.4 to 29.2 °C and CO2

was not detected in any of the tubs. The values were within tolerable limits for carp
(Jhingran 1991).
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Diet formulation and preparation

The basal diet (Table 1) was used as the control diet. 0.5% acidifier (formic acid + calcium
propionate in 1:1 ratio), 1.0% acidifier (formic acid + calcium propionate in 1:1 ratio) and
1.5% acidifier (formic acid + calcium propionate in 1:1 ratio) were supplemented in the basal
diet to prepare the three respective experimental diets. All the diets were isonitrogenous (35%
Crude Protein) and isoenergetic (420 to 425 Kcal/100 g). Full proximate composition of diet is
shown in Table 2.

Soybean meal, fish meal and groundnut oil cake were used as protein source, wheat
bran, rice flour and corn flour were used as energy source, oil mix (sunflower oil + cod
liver oil) was used as lipid source, vitamin and mineral mixture (PREMIX PLUS), and
vitamin C were taken as feed supplement, and Butylated hydroxytoluene (BHT) was used
as antioxidant/preservative for feed formulation. As per formula all the ingredients
weighed, ground and mixed (except oil and additives) well and distilled water was added
to make dough followed by cooking in autoclave for 20 min. Butylated hydroxytoluene
(BHT) was dissolved in oil and added in the dough after cooling and mixed thoroughly.
The vitamin-mineral mixture and vitamin C were then mixed followed by addition of
required inclusion level of acidifier (In case of treatment diets). Pellets were prepared by
pelletizer having 2 mm diameter size. Finally the pellets were air-dried (final moisture
level <12%). After drying, the pellets were packed in airtight polythene bags, labelled
properly and stored until further use. During feeding pellet strands were broken in to
smaller size.

Growth performance and nutrient utilization

Fish from each tank were collectively weighed at every 15-day interval and accordingly
feeding rate was adjusted. Fishes were starved overnight before taking the weight. Growth
performance and nutrient utilization in mrigal juvenile was evaluated in terms of percent

Table 1 Composition of the experimental diets

Ingredients Control 0.5% OA 1% OA 1.5% OA

Fish meal 18 18 18 18
GNOC 21 21 21 21
Soyabean meal 30 30 30 30
Corn flour 9 9 9 9
Wheat bran 8 8 8 8
Rice flour 8 8 8 8
Oil mix 4 4 4 4
Vit and min 2 2 2 2
BHT 0.2 0.2 0.2 0.2
Organic acid – 0.5 1 1.5

Composition of vitamin-mineral mix (PREEMIX PLUS) (quantity/2.5 kg)

Vitamin A, 55,00,000 IU; vitamin D3, 11,00,000 IU; vitamin B2, 2000 mg; vitamin E, 750 mg; vitamin K,
1000 mg; vitamin B6, 1000 mg; vitamin B12, 6 mcg; calcium pantothenate, 2500 mg; nicotinamide, 10 g; choline
chloride, 150 g; Mn, 27,000 mg; I, 1000 mg; Fe, 7500 mg; Zn, 5000 mg; Cu, 2000 mg; Co, 450 L-lysine, 10 g;
DL-methionine, 10 g; selenium, 50 ppm; satwari, 2500 mg
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weight gain (PWG), specific growth rate (SGR), feed conversion ratio (FCR), protein
efficiency ratio (PER) and percent survival based on the following standard formulae:

Weight gain% WGð Þ ¼ 100 final weight−initial weightð Þ
.
initial weight

Specific growth rate SGRð Þ ¼ 100 ln final weight−ln initial weightð Þ
.
no:of days of feeding trial

�

Feed conversion ratio FCRð Þ ¼ feed intake
.
weight gain

Protein efficiency ratio PERð Þ ¼ total wet weight gain gð Þ
.
crude protein fed gð Þ

Survival% ¼ 100 final no:of fish harvested
.
initial no:of fish stocked

� �

Analysis of gut microflora activity

The gut microflora analysis was done at the end of feeding trial after 60 days. Nine fish were
randomly selected from each treatment (i.e. three fish from each replicate group) and collected
in sterile plastic bags. The fish were starved overnight before the sampling.

The surface of the fish was sterilized by the application of alcohol and standard aseptic
procedures were used to make the biopsy. The gut was aseptically taken out from each
fish. The gut of all three fishes in each replicate of a treatment was weighed equally to
make 1.0 g of sample and homogenized. This was then transferred to tubes containing
9.0 ml sterile 0.85% saline. The homogenates were serially diluted to 10−6 in 9-ml
volumes of sterile 0.85% saline.

Media for bacterial analysis were obtained from Hi-Media. The solid media was employed
and the bacteria enumerated were as follows: total plate count agar (total bacterial count),
Bacillus medium (for Bacillus count). The isolation was made by serial dilution and spread
plate technique. 0.1 ml of diluted sample was plated on the appropriate enriched medium. The
plates were incubated at 28° C for 24–48 h in BOD incubator. After the requited incubation
period, the plates were taken out and reported as an average of duplicate plates. The plates
with 30–300 colonies were taken for total bacterial count and for the remaining bacteria,
the plates having colonies from lowest dilution were taken for enumeration. Counts were
expressed as cfu g−1 and transformed into log10 values before statistical analysis. Numbers
of colonies reported in the present study are an average of three replicate plates. Isolated
colonies (at least 10 per plate) were used for identification by morphological tests (Bergy
1986; Guimaraes et al. 2006).

Sample collection

Two fish from each replicate with a total of six fish from each treatment were anaesthetized
with clove oil (50 μl L−1). Blood was collected by caudal puncture using a medical syringe
(no. 23), which was previously rinsed with 2.7% EDTA solution. Blood collected was then
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transferred immediately to the test tube containing a pinch of EDTA powder (as an anticoag-
ulant) and shaken gently in order to prevent haemolysis of blood. The blood samples were
used for determination of haemoglobin content, total erythrocyte count, total leukocyte counts
and for nitroblue tetrazolium (NBT) assay. For serum, again three fishes from each replicate
were anaesthetized and the blood was collected without anticoagulant and allowed to clot for
2 h, centrifuged (3000×g for 5 min) and serum was separated out and kept at −20 °C.

Haematological and haemato-biochemical parameters

Haemoglobin content

The haemoglobin content of blood was analysed by estimating cyanmethaemoglobin using
Drabkins Fluid (Qualigens). Five millilitres of Drabkins working solution was added to 20 μl
of blood in a clean and dry test tube. The absorbance was measured using a spectrophotometer
(MERCK, Nicolet, evolution 100) at a wavelength of 540 nm. The final concentration was
calculated by comparing with the standard cyanmethaemoglobin (Qualigens, India).

Haemoglobin g dL−1� � ¼ OD Tð Þ
.
OD Sð Þ � 251

.
1000

h i
� 60

where OD (T) = absorbance of test and OD (S) = absorbance of stand.

Total erythrocyte and leukocyte count

RBC andWBC diluting fluids were used for taking total erythrocytes count and total leukocyte
counts, respectively. It was done by mixing 20 μl of blood with 3980 μl of corresponding
diluting fluid in a clean test tube and was shaken well to suspend the cells uniformly in the
solution. A small drop of this mixture was charged to Neubauer’s counting chamber of
haemocytometer and counting was carried out.

Number of cells
.
ml ¼ Number of cells� dilution

Area counted � depth of fluid

Serum total protein, albumin, globulin and AG ratio

Serum total protein and albumin were estimated by biuret and bromocresol green (BCG) dye
binding method, respectively (Reinhold 1953; Doumas et al. 1971) using the kit Qualigens
Diagnostics. The absorbance was measured against a blank in a spectrophotometer at 630 nm.
Globulin level was calculated by subtracting the albumin values from the total serum protein.
A/G ratio was calculated by dividing albumin values by globulin values.

Respiratory burst activity

The respiratory burst activity of the phagocytes was measured by nitroblue tetrazolium
assay following the method of Secombes (Secombes 1990) modified by Stasiack and
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Baumann (Stasiack and Bauman 1996). Fifty microlitres of blood were placed into the
wells of ‘U’-bottom microlitre plates and incubated at 37 °C for 1 h to allow adhesion of
cells. Then the supernatant was removed and the wells were washed three times with
phosphate-buffered saline (PBS). After washing, 50 μl of 0.2% NBT was added and
incubated for a further 1 h. The cells were then fixed with 100% methanol for 2–3 min
and washed three times with 30% methanol. The plates were air-dried and 60 μl of 2 N
potassium hydroxide and 70 μl of dimethyl sulphoxide were added to each well. The OD
was recorded in an ELISA reader at 540 nm.

Serum lysozyme activity

Serum samples were diluted with phosphate buffer (pH 7.4) to final concentration of 0.33 mg
per ml. In a suitable cuvette, 3 ml of Micrococcus luteus suspension in phosphate buffer
(A450 = 0.5–0.7) was taken, to which 50 μl of diluted serum sample was added. The content of
the cuvette was mixed well for 15 s and reading was taken in a spectrophotometer at 450 nm
exactly after 60 s of addition of serum sample. This absorbance was compared with standard
lysozyme of known activity following the same procedure as above. The activity was
expressed as U/min/mg protein.

Challenge study with Aeromonas Hydrophila

After 60 days of feeding, 12 fish per group were challenged with virulent Aeromonas
hydrophila 018 obtained from the Aquatic Animal Health and Management Division,
Central Institute of Fisheries Education (CIFE), Mumbai. Initially, the A. hydrophila were
grown on nutrient broth for 24 h at 30 °C in a BOD incubator and harvested by
centrifuging the culture broth at 6000 rpm for 10 min at 4 °C. The cells were then washed
three times in sterile phosphate-buffered saline (PBS), pH 7.2 and final concentration was
adjusted to 108 cfu ml−1. The fish in each experimental group were intraperitoneally
injected with 0.2 ml (2 × 107 cfu ml−1) of bacterial suspension. Mortality was observed
for 15 days. Tissues were removed from the dead fish for bacteriological culture to confirm
A. hydrophila as the cause of death.

Relative percent survival (RPS) in different treatment groups were calculated as follows:

Relative % survival ¼ 100−
Test Mortality

Control Mortality
� 100

blood was collected for analysis of haematological parameters, haemato-biochemical param-
eters, NBT and lysozyme activity in post-challenged fish.

Statistical analysis

Mean values of all parameters were subjected to one-way ANOVA to study the treatment
effects and Duncan’s multiple range tests were used to determine the significant differences
among means. Comparisons were made at 5% probability level. All the data were analysed
using statistical package SPSS (Version 16).
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Results

Effects of different dietary acidifier levels on the growth performance and feed utilization are
shown in Table 3. Compared to the control treatment, fish fed on 1% acidifier supplemented
diet displayed (P < 0.05) improved percent body weight gain, specific growth rate (SGR),
protein efficiency ratio (PER) and feed conversion ratio (FCR) followed by fish fed on 1.5%
acidifier supplemented diet, and the lowest growth performance and nutrient utilization was
recorded in the fish of control group. No mortality was observed in fish of any experimental
group during the experiment (Tables 4 and 5).

Intestinal microbiota analyses of Cirrhinus mrigala juvenile fed on different levels of
acidifier are shown in Table 6. At the beginning of the trial, total heterotrophic bacteria
(THB) and Bacillus levels in the intestine of Cirrhinus mrigala juveniles were 6.21 and
2.96 log10 cfu g−1, respectively. At the end of the trial, fish fed on 1.5% acidifier displayed
a significant increase of total heterotrophic bacterial and Bacillus levels (P < 0.05), compared
to the initial levels and the control group.

The effects of the different levels of acidifier on the innate immune responses of Cirrhinus
mrigala juvenile during pre-challenge and post-challenge periods are shown in Table 5. The
lysozyme activity of serum of pre-challenged fish was significantly affected by dietary
supplementation of 1.5% OA (P < 0.05) as compared to fish of control group. Post-
challenged fish also displayed the same pattern as found in the pre-challenged fish. No
significant differences in respiratory burst activity (OD 540) were observed between the
treatments (P > 0.05) during pre-challenge and post-challenge study.

Haematological and haemato-biochemical parameters of Cirrhinus mrigala juvenile fed on
diets supplemented with different levels of acidifier are shown in Table 4. Red blood cell
(RBC) and white blood cell (WBC) increased significantly in the fish fed diet supple-
mented with 1 and 1.5% acidifier compared to fish of control and 0.5% OA group
(P < 0.05) during both pre-challenge and post-challenge periods. In the pre-challenge
study, there was no significant difference observed for haemoglobin level in the different
treatment groups, however. 1% OA group shows higher value for haemoglobin content.
Platelets level in 1% acidifier fed group showed significantly increased pattern (P < 0.05)
as compared to the other group. During pre-challenge and post-challenge study, haemato-
biochemical parameters such as total protein, albumin, globulin and albumin-globulin
ratio in fish of different treatments did not show any clear trend. However, during pre-
challenge study, fish of 0.5% supplemented group showed significantly higher total
protein and albumin levels than fish of control group but globulin and albumin-globulin
ratio did not vary significantly among fish of any treatment. During post-challenge study,

Table 3 Growth performance and feed utilization of Cirrhinus mrigala juvenile fed with diet supplemented with
different levels of acidifier (organic acids)

Treatments % Weight gain SGR FCR PER Survival %

Control 96.45 ± 3.54a 1.12 ± 0.03a 3.00 ± 0.04b 0.94 ± 0.01a 100
0.5% OA 153.30 ± 3.22b 1.54 ± 0.02b 2.31 ± 0.04a 1.22 ± 0.02b 100
1% OA 159.16 ± 4.05b 1.58 ± 0.0zb 2.26 ± 0.03a 1.25 ± 0.02b 100
1.5% OA 158.13 ± 2.65b 1.57 ± 0.01b 2.27 ± 0.01a 1.24 ± 0.00b 100

SGR specific growth rate, FCR feed conversion ratio, FCE feed conversion efficiency, PER protein efficiency
ratio, data expressed as mean ± SE n = 3, mean values in the same column with different superscript letters differ
significantly (P < 0.05)
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fish of 1% OA group showed significantly higher total protein and globulin levels than
fish of control group. Though there was no significant difference of albumin level and
albumin-globulin ratio between fish of control and 1.5% OA groups, fish of 0.5% and 1%
OA groups showed significantly lower values.

Post-challenge mortality

The relative percent survival of fish of the different experimental groups during post-challenge
period is illustrated in Fig. 1. Juveniles fed on the control diet showed the highest mortality rate
(80%) compared with the organic acid fed groups, which showed a reduction in the mortality
rate from 60 to 25% in the groups treated with 05, 1 and 1.5% acidifier supplemented in the diet.

Discussion

In the present study, supplementation of acidifier i.e. formic acid and calcium propionate
mixture in the ratio of 1:1 has shown significant improvement in growth performance in terms
of percent body weight gain, FCR, SGR, PER and percent survival in Cirrhinus mrigala
juveniles and consequently immune response too. Organic acid supplementation in diet
improved percent weight gain, SGR, PER and FCR in fish in comparison to fish fed diet
without supplementation of organic acids. This result was supported by the observations of De
Wet (2005), he fed rainbow trout fingerlings to five experimental diets, which consisted of a
control diet, three diets containing 0.5, 1 and 1.5% of an organic acid blend (Bolifor FA 2400 S

Table 5 Respiratory burst activity (NBT) and serum lysozyme activity in Cirrhinus mrigala juvenile fed with
diets supplemented with different levels of acidifier (organic acids)

Treatments NBT (A540) Lysozyme activity (A540)

Pre Post Pre Post

Control 0.25 ± 0.02a 0.19 ± 0.01a 269.40 ± 7.71a 157.39 ± 3.29a

0.5% OA 0.24 ± 0.02a 0.21 ± 0.01a 378.28 ± 3.68b 264.39 ± 10.29b

1% OA 0.21 ± 0.01a 0.21 ± 0.00a 369.55 ± 14.10b 360.75 ± 9.93c

1.5% OA 0.30 ± 0.01b 0.21 ± 0.01a 383.61 ± 12.38b 369.42 ± 9.37c

Mean values in the same column with different superscript letters differ significantly (P < 0.05)

Data expressed as mean ± SE, n = 3

Table 6 Total heterotrophic bacteria (THB) and Bacillus levels (log10 cfu g-1 intestine) in Cirrhinus mrigala
juvenile fed with diets supplemented with different levels of acidifier (organic acids)

Treatments THB (log10 cfu g−1) Bacillus sp.( log10 cfu g−1)

Initial 6.21 ± 0.24 2.96 ± 0.42
Control 6.61 ± 0.98a 3.12 ± 0.75a

0.5% Organic acid 6.92 ± 0.45b 3.30 ± 0.45b

1.0% Organic acid 7.14 ± 0.75b 3.63 ± 0.53c

1.5% Organic acid 7.28 ± 0.80c 3.77 ± 0.61d

Mean values in the same column with different superscript letters differ significantly (P < 0.05)

Data expressed as mean ± SE, n = 3

THB total heterotrophic bacteria
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Aqua, KEMIRA GrowHow®, Sweden) and a diet containing an antibiotic growth promoter
(AGP). The result showed the improvement in growth with increasing level of organic acid
inclusion with most significant result in fish of 1 and 1.5% OA fed group as compared to the
control. Similar kind of observation was also reported by Ramli et al. 2005 who tested
potassium diformate (potassium salt of formic acid; Formi®) as a growth promoter in tilapia
raised in a grow-out pond in Indonesia. To support this, Ringø (1992) also attributed the
significant improvement (P < 0.05) in the growth performance of Arctic charr fed 1% sodium
acetate supplemented diet and reared in brackish water. Furthermore, findings in salmonids
revealed that supplementation of 1.4% potassium diformate (a potassium salt of formic acid)
with fishmeal enriched diet showed higher SGR and lower FCR against the negative control in
Atlantic salmon (Christiansen and Lückstädt 2008). In a more recent trial, Petkam et al. 2008
determined the effects of acid/salt blend (containing of calcium formate, calcium propionate,
calcium lactate, calcium phosphate and citric acid) at different dietary levels (0.5, 1.0 and
1.5%) on the growth performance of tilapia. Despite a lack of statistically significant data for
LWG and FCR, the blend at 1.5% dietary level resulted in a numerical increase in LWG of
11% versus negative control. Thus, organic acid salts and blends may be useful for grow-out
tilapia culture (Lückstädt 2008). Baruah et al. (2007) investigated the synergistic effects of
citric acid and phytase on nutrient digestibility and growth performance in Indian major carp,
Labeo rohita against the low (25%) and high (35%) protein diets. The result indicated that
citric acid in both diets significantly increased LWG and SGR and reduced FCR in carp
juveniles. Zhou et al. 2008 observed an increase of 11.8% in the weight gain of hybrid tilapia
(Oreochromis niloticus × Oreochromis aureus) fed diets with 3 g kg−1 potassium diformate
(PDF) and an 11% increase in body weight of Nile tilapia (O. niloticus L.) fed a proprietary
organic acid blend 15 g kg−1 (Petkam et al. 2008). However, in a recent trial, Owen et al.
(2006) found that sodium butyrate when as a feed additive added at 0.2% to two diets differing
in their major protein source (fishmeal or defatted soya) of tropical catfish (Clarias gariepinus)
showed slightly higher weight gain, SGR and a concomitant reduction in FCR in fishmeal-
based diet as compared with the control diet, while fish fed defatted soya-based diet supple-
mented with 0.2% Na-butyrate showed no improvement.
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Fig. 1 Relative % survival of Cirrhinus mrigala juvenile fed with diets containing different levels of acidifier
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Hossain et al. (2007) reported that the use of 1% each of citric acid in the diet of sea bream
(Pagrus major) resulted significantly better LWGs and FCRs in fish in comparison to negative
control, whereas, fish of malic acid and lactic acid supplemented groups did not exhibit
improved growth performance. Various factors, such as species and the physiological age of
the experimental fish, the type and level of organic acids, the diet composition and the culture
conditions may all influence the manifestation of the potential growth-promoting effects of
dietary organic acids in aquaculture (Ng et al. 2009).

There is very little information available on normal values of blood cell count in various
species of fishes as it is subjected to changes with seasons (Fange et al. 1976). Fish blood
contains small number of progenitors of blood cells, produced by lymphomyeloid tissues
which, when appropriately stimulated, develop into early stages of blood cells called blast
cells, which may occur in the circulating blood in great numbers. Leukocyte count is
considered as an indicator of the health status of fish because of its role in non-specific or
innate immunity (Roberts 1978) and leukocytes play an important role in the immune response
of fish during inflammation (Secombes 1996). In the present study, total leukocyte counts and
platelets were reported to be significantly higher in fish 1.5% OA group as compared to
control. Roberts (1978) stated that in stress condition the WBC count increases.

An increasing trend of NBT value was observed with increasing level of dietary organic
acid blend. Although, the enzymatic potential of these cells to mount an innate response
through the oxidative pathway was detected. Monocytes and macrophages are activated CpG-
S oligodeoxy nucleotide (ODN) to secrete a wide variety of proinflammatory cytokines (Chace
et al. 1997; Sparwasser et al. 1997), some of which activate natural killer cells to secrete
interferons and have increased lytic activity for tumour cells (Ballas et al. 1996). Fish serum
lysozyme is believed to be of leucocyte origin (Lie et al. 1989). It has been found that
lysozyme activity increases concomitantly with leukocyte numbers (Fletcher and White
1973) and antibody titre (Vladimrov 1968). Similarly, the groups that had the maximum
lysozyme activity in our study also had the maximum leukocyte count. Lysozyme plays an
important role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria (Ellis 1990). Balca’zar et al. (2007) observed a correlation between
the colonization ability of indigenous lactic acid bacteria and the non-specific humoral
response, such as an alternative complementary pathway activity and lysozyme activity in
brown trout. Similarly, lysozyme is an important component in the immune system of fish. It is
bactericidal by hydrolysing bacterial cell wall peptidoglycans resulting in bacteriolysis. It is
also known to act as opsonin (Magnadottir 2006). In the present study, enhanced serum
lysozyme activity (P < 0.05) was recorded in all the treatment groups during pre- and post-
challenge study.

In the present study, serum proteins, albumins, globulins and albumin-globulin ratio were
analysed. Proteins are the most important compounds in serum and its concentration is
considered as a basic index for fish health status (Alexander et al. 2011; Misra et al. 2006).
Increases in the serum protein, albumin and globulin levels are thought to be associated with a
stronger immune response of fishes (Wiegertjes et al. 1996). Serum proteins are divided into two
major groups, albumin and globulins. Among the serum proteins, albumin and globulin are the
major proteins which play a significant role in the immune response (Alexander et al. 2011).

Supplementation of acidifier i.e. formic acid and calcium propionate mixture in the ratio of
1:1 has shown significant improvement in micro gut flora activity in juvenile of mrigal. To
support this observation, Zhou et al. (2008) reported that dietary potassium diformate stimu-
lated the colonization of some gut bacteria and inhibited the growth of others in hybrid tilapia.
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In contrast, Owen et al. (2006) reported that sodium butyrate supplementation did not
significantly affect the gut microflora composition of Clarias gariepinus (Burchell) even
though there was a tendency for a relative increase in the proportion of gram-positive bacteria.
Thus eubiotic effect of organic acid blend on the proliferation of indigenous probionts may be
the third reason for improving the growth performance because this gram-positive bacterium
plays a vital role in fermentation of certain non-digestible carbohydrates and increases the
availability of nutrients (Denev et al. 2009).

In post-challenged study with administration of Aeromonas hydrophilla infection, highest
survival was obtained in 1.5% OA fed group which is in agreement with the finding of Ramli
et al. (2005) who reported that the addition of potassium diformate in the diet of hybrid tilapia
significantly increased the survival rates of fish after challenge with V. anguillarum and the
effects were dose-dependent. In our study, relative percentage of survival after 15-day post-
challenge with A. hydrophila in the diet was increased in the fish fed on the 1.5% OA
supplemented diet, followed by the other 1 and 0.5% OA supplements (Fig. 1). An explanation
for this may be that, gram-positive bacteria have high intracellular potassium concentrations,
which provide a counteracting effect for the acid anions of the dissociated organic acids
(Russell and Diez-Gonzales 1998). Conversely, it can acidify the cytoplasm of gram-negative
bacteria, such as A. hydrophila and V. anguillarum, resulting in eventual cell death.

Hence, this study corroborates the functionality of acidifier at the level of 1.5% in the diet of
Cirrhinus mrigala juvenile which positively affects growth performance and nutrient utiliza-
tion, innate immunity, beneficial intestinal microbiota and some haematological parameters.
We suggest that a dietary supplementation of acidifier (formic acid and calcium propionate at
1:1 ratio) at 1.5% may be a suitable alternative of AGP or prophylaxis use of antibiotics in
aquaculture to obtain an economical and sustainable culture practice of carp species. This
prima facie report may be useful for the nutritionists to recast their feed formulation for
different species.
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