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ABSTRACT

Background: Organic acids and their salts are known as appropriate substitutes in feed for
improving the health, growth, and performance of fish.

Objectives: The present study was conducted to determine the effects of dietary lactic acid
supplementation on immunological factors, hepatic enzyme activity, and plasma proteins in
common carp, Cyprinus carpio. The fish were fed the diets mentioned above for 56 days, then
their growth performance, humoral immunity, and plasma hepatic enzymes were assessed.

Methods: A total of 180 fish (mean weight=25 g) were randomly distributed in twelve tanks
(150 L water in each tank) as four treatments, fed diets containing 0, 2.5, 5, and 10 g/kg lactic
acid (TO, T1, T2, and T3, respectively).

Results: At the end of the feeding trial, T2 showed significantly higher growth performance
than TO. Plasma total protein, albumin, and globulin levels of T1-T3 were significantly
higher than that of TO. However, plasma protein levels decreased significantly by elevation
in dietary lactic acid concentration (10 g/kg). No significant differences were observed in
plasma aspartate aminotransferase (AST) and alkaline phosphatase (ALP) activity among the
treatments, although alanine aminotransferase (ALT) activity decreased significantly in fish-
fed dietary lactic acid supplementation (T1-T3) compared with the control group (T0). All
humoral immunity parameters (lysozyme, complement, immunoglobulin, and bactericidal
activity) increased significantly in T1-T3 treatments compared to the TO group.
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1. Introduction

ecause of the world population growth and

the need for more protein sources, fish farm-

ing is very important in the food industry.

Common carp, Cyprinus carpio, is cultured in

broad places worldwide due to rapid growth,
high feed efficiency, and easiness of breeding (FAO, 2019).
This species is an important farming species in Iran and is
included in about 20% of fish in warm freshwater ponds
(Iranian fisheries statistical report, 2020).

Improving performance and health is an important goal of
aquaculture, and nutrition management, which directly and
indirectly affects the economic and health administration of
aquaculture production (Lee et al., 2015). Using economic
and growth-promoting feedstuffs in fish diets may greatly
reduce the production cost of fish farms. One of the most
important effects of nutritional management in fish farms
is boosting fish health, immunity, and disease resistance
(Mohiseni, 2017). As a major aquaculture species, common
carp have shown boosted immune and antioxidant power
when fed diets supplemented with various feed additives
(Alishahi et al., 2014; Abdulrahman et al., 2018).

Organic acids and their salts, known as “acidifiers”, have
been considered appropriate substitutes in food for improv-
ing the health, growth, and performance of livestock, in-
cluding fish (Lim et al., 2015). It was reported that dietary
acidifier supplementation positively influenced animals’
performance by altering the feed quality, metabolism, and
gastrointestinal tract health of animals (Huan et al., 2018).
Acidifiers can increase the quality of feed in farms by inhib-
iting microbial growth via the reduction in the feed pH (Lim
et al., 2015). Also, they positively affect nutrient digestion
by improving digestive enzymes’ activity in the stomach
and intestine. This is especially noticeable when the ani-
mals are young, or feed is high in protein (Castillo et al.,
2014). Organic acids have high gross energy and are easily
absorbed by the intestinal epithelial cells due to their short-
chain structure; therefore, they can contribute to different
metabolic pathways for energy production (Luckstadt,
2008). Since the energy content of acidifiers is completely
consumed in metabolism, they can increase the energy con-
tent of feeds. Collectively, all these properties of acidifiers
improve the immune function of fish.

Lactic acid is one of the organic acids on which few stud-
ies have been conducted in aquatic animals (Hoseini et al.,
2022). Improved growth performance and nutrient digest-
ibility have been reported in beluga, Huso huso, fed with
10-20 g/kg lactic acid (Matani Bour et al., 2018). Hoseini et
al. (2022) reported positive effects of lactic acid on immune
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and antioxidant responses in rainbow trout, Oncorhynchus
mykiss. Safari et al. (2021) found an increase in growth
performance and immune parameters of narrow-clawed
crayfish Astacus leptodactylus, a fed diet supplemented by
sodium lactate. As there is no study about the effects of lac-
tic acid on the health and immune strength of common carp,
the present study evaluated the impact of dietary lactic acid
supplementation on hepatic health, plasma proteins, and in-
nate immunity of common carp.

2. Materials and Methods
Diets preparation

To prepare the examined diets, the feed ingredients
were mixed, as shown in Table 1. Then, 400 g of water
was added per kg of mixed feedstuffs to form a paste.
The paste was pelleted by a meat grinder with a 3 mm
diameter and dried for 24 h. Lactic acid was added to
the feedstuff mixture in exchange for the water. Finally,
based on the amount of lactic acid added, four diets were
prepared to contain 0 (T1), 2.5 (T2), 5 (T3), and 10 (T4)
g/kg lactic acid (Hoseini et al., 2022). Diets were ana-
lyzed according to Hoseinifar et al. (2016).

Fish maintenance condition

A total of 220 juvenile common carp with an aver-
age weight of 25 g were obtained from a local farm and
stocked in a fiberglass tank with a water volume of 1500
L for 10 days for acclimation. They were fed the control
diet during the acclimation. Continuous aeration and wa-
ter flow of 2 L/min were provided for the fish. After the
acclimation, 12 tanks containing 150 L water were di-
vided into 4 treatments considering the diets mentioned
above (3 tanks per diet). A total of 180 fish with no ex-
ternal injuries were distributed in these tanks (15 homog-
eny-size fish per tank). The tanks were aerated and had
a water flow rate of 0.3 L/min. The fish were fed 3% of
biomass (three times a day) with experimental diets for
56 days. Then, growth performance was recorded in the
treatments as follows (Alishahi & Jangeran Nejad, 2012)
(Equation 1-4):

1. Final biomass (g)=number of remaining fish per
tank Xindividual weight of the fish,

2. Biomass gain (g)=final biomass—initial biomass,

3. Feed conversion ratio (FCR)=feed intake per tank
during the experiment=biomass gain,

4. Mean daily growth (g)=final biomass+days of rearing
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Table 1. Ingredients and chemical composition of the diets

Treatments
Diets
T0 T1 T2 T3
Corn meal 100 100 100 100
Wheat meal 280 277.5 275 270
Soybean meal 200 200 200 200
Poultry byproduct! 380 380 380 380
Corn oil 10 10 10 10
Sunflower oil 10 10 10 10
Mineral premix? 10 10 10 10
Vitamin premix? 5 5 5 5
Methionine* 3 3 3 3
Lysine® 2 2 2 2
Lactic acid® 0 25 5 10
Proximate composition (g/kg)
Diets
TO T1 T2 T3
Moisture 88.6 87.4 87.3 87.9
Crude protein 381 384 386 379
Crude fat 105 108 105 107
Crude ash 53.4 54.0 53.4 55.0
Crude fiber 42.1 42.0 41.0 42.3
Phosphorus 10.1 10.2 10.5 10.0
Calcium 16.3 16.5 16.2 16.5

!Crude protein 63%, Crude fat 16%, Crude ash 6%, Crude fiber 4%.

2Amineh Gostar Co. (Tehran, Iran). The premix provided the following amounts of the vitamin to the diets (per kg): A: 1600
IU, D3: 500 IU, E: 20 mg, K: 24 mg, B3: 12 mg, B5: 40 mg, B2: 10 mg, B6: 5 mg, B1: 4 mg, H: 0.2 mg, B9: 2 mg, B12: 0.01 mg, C: 60
mg, Inositol: 50 mg.

*Amineh Gostar Co. (Tehran, Iran). The premix provided the following amounts of minerals to the diets (per kg): Se: 0.15 mg,
Fe: 2.5 mg, Co: 0.04 mg, Mn: 5 mg, Iodate: 0.05 mg, Cu: 0.5 mg, Zn: 6 mg, choline: 150 mg.

*CheilJedang Co., Seul, South Korea, *CheilJedang Co., Seul, South Korea, ‘Food grade, 85% (Mobtakeran Shimi Co., Tehran, Iran).
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Sampling and plasma analysis

At the end of the experiment, two fish were taken
from each tank and immediately anesthetized in a bath
of 100 ppm eugenol (Hoseini et al., 2022). Then, the
fish blood samples were taken from the caudal vein of
the anesthetized fish using 2-mL heparinized syringes.
The blood samples were centrifuged at 3000 rpm to
separate the plasma. The plasma samples were kept at
-20°C until analysis.

Plasma total protein, albumin, globulin, and glucose
levels and aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline phosphatase (ALP)
activities were determined by a spectrophotometer using
Pars Azmun kits (Pars Azmun Co., Tehran, Iran).

Measurement of plasma total immunoglobulin (Ig)
was done using the polyethylene glycol precipitation
method (Siwicki & Anderson, 1993). The lysozyme
activity of plasma was measured by a turbidimetric as-
say based on Ellis (1990) method. Alternative comple-
ment activity was determined according to Nayak et al.
(2018) protocol and based on the sheep red blood cell
hemolysis method.

Statistical analysis

Data normality and variance homogeneity were con-
firmed by the Shapiro-Wilk and Levene’s tests, respec-
tively. All data were analyzed by one-way ANOVA.
Comparison among the treatments was performed by
Duncan’s test. All data were presented as Mean+SD, and
P<0.05 was considered significant. SPSS software, ver-
sion 22 was used for the statistical analysis
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3. Results

Results showed that dietary supplementation with lac-
tic acid had a beneficial effect on common carp growth
performance (Table 2). Diets with T2 (5 g/kg lactic acid)
significantly increased final biomass, biomass gain,
mean daily growth, and decreased FCR, compared to
T0. No mortality was observed during the experiment.

Total protein, albumin, globulin, and glucose in plasma
are presented in Figure 1. Dietary lactic acid supple-
mentation significantly affected plasma protein levels.
Plasma protein levels of lactic acid treatments (T1, T2,
and T3) were significantly higher than the control group
(T0). However, plasma protein levels of lactic acid treat-
ments had decreasing trend by increasing lactic acid
concentration. T3 had the lowest plasma protein levels
among lactic acid treatments. Dietary lactic acid supple-
mentation did not affect plasma glucose levels.

Plasma hepatic enzyme activity is presented in Figure
2. Dietary lactic acid significantly affected ALT activ-
ity with no significant effects on ALP and AST activity.
All concentrations of lactic acid supplement (T1, T2, and
T3) significantly decreased the activity of the ALT en-
zyme compared with the control group (T0). The plasma
ALT activity of T3 was significantly higher than that in
the T1 and T2.

Humoral immunological parameters are represented in
Figure 3. According to the results, all concentrations of
dietary lactic acid significantly increased lysozyme, al-
ternative complement, bactericidal activities, and total Ig
level in the plasma. The alternative complement activity
of T3 had no significant difference compared to TO.

Table 2. Growth performance of common carp fed with diets containing different levels of lactic acid

Mean+SD
Variables P
TO T1 T2 T3
Initial biomass (g) 387+2.30 387+3.06 385+1.15 387+2.31 0.760
Final biomass (g) 687+17.0° 708+18.0* 746%25.0° 690+21.5° 0.029
Biomass gain (g) 300+£15.9° 321+21.0% 360+26.1° 303+£20.9° 0.029
Feed conversion ratio 1.73+0.06° 1.66+0.05° 1.53+0.09° 1.71+0.06° 0.026
Mean daily growth (g) 5.37+0.28" 5.74+0.37% 6.44+0.46 5.41+0.35° 0.029

ababgionificant differences (Duncan; n=3).
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Figure 1. Plasma total protein, albumin, globulin, and glucose levels of common carp fed 0, 2.5, 5, and 10 g/kg lactic acid
supplement in per kg diet (TO, T1, T2, and T3)

Different letters above the bars show significant differences (Duncan; n=6).
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Figure 2. Plasma ALT, AST, and ALP levels of common carp fed 0, 2.5, 5, and 10 g/kg lactic acid supplement in per kg diet
(TO, T1, T2, and T3)

Different letters above the bars show significant differences (Duncan; n=6).
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Figure 3. Plasma immunoglobulin, lysozyme, complement, and bactericidal activity of common carp fed 0, 2.5, 5, and 10 g/kg

lactic acid supplement in per kg diet (T0, T1, T2, and T3)

Different letters above the bars show significant differences (Duncan; n=6).

4. Discussion

Lactic acid has not yet been investigated as a dietary ad-
ditive for common carp. The present study showed that
dietary lactic acid (5 g/kg) supplementation could im-
prove the growth performance of common carp, which is
partially similar to the results obtained in beluga (Matani
Bour et al., 2018) and narrow clawed crayfish (Safari et
al., 2021), except the effective lactic concentrations.

AST and ALT are important enzymes to control trans-
ferring an amino group of a-amino acids to a-ketoacids,
and they are the main indicators of liver function and
health. These enzymes give information regarding the
damage to organs, particularly hepatocytes. Because
during hepatocyte damage, large amounts of ALT and
AST are released into the circulation (Walling et al.,
2009). Lower values of plasma ALT were recorded in
the present study for common carp fed 2.5 and 5 g lactic
acid per kg diet, compared to the control group, suggest-
ing healthy liver for common carp fed these diets.

Plasma proteins in fish are the main blood constituents
that control the osmotic pressure, immune responses and
carrying other compounds (Christiansen et al., 2015). In
general, determining fish plasma protein is a useful way
to recognize the physiological health of fish (Manera &
Britti, 2008; Silva et al., 2010). Significant elevation in
plasma total protein, albumin, and globulin of fish-fed

lactic acid-supplemented diets may result from increased
protein synthesis in the liver. Acidifiers improve amino
acids’ availability through the reduction of the stomach
pH (increase in pepsin activity and protein digestion) and
the breaking of phytate complexes (that release bonded
amino acids) (Baruah et al., 2005). The plasma level of
total protein, albumin, and globulin is used to monitor
liver and kidney dysfunction (Ghelichpour et al., 2017).
Therefore, the elevation in plasma proteins, along with
the decrement in plasma ALT, confirms the promotion of
liver health through lactic acid-supplemented diets. The
present findings are in accordance with the results of pre-
vious research, which included dietary acidifiers such as
sodium diformate (Wassef et al., 2017), malic acid (Has-
saan et al., 2018), sodium acetate and sodium propio-
nate (Sangari et al., 2021), and blend of formic acid and
calcium propionate (Kumar et al., 2017) that increasing
plasma total protein and albumin in European sea bass,
Dicentrarchus labrax, Nile tilapia, Oreochromis niluti-
cus, yellowfin seabream, Acanthopagrus latus, and mri-
gal carp, Cirrhinus cirrhosus, respectively.

Several investigations have reported the beneficial ef-
fects of dietary organic acids and their salts on the immune
system of different fish species. For example, dietary bu-
tyric acid increased plasma lysozyme activity and total Ig
concentration in Asian sea bass, Lates calcarifer, which
indicates immunostimulation by butyric acid (Aalamifar
et al., 2020). Hoseinifar et al. (2016) reported enhanced

Taheri Mirghaed et al. (2023). Effects of lactic acid on carp. Iran J Vet Med, 17(3):263-272
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mucosal and humoral immune responses of Caspian white
fish, Rutilus kutum, and fry-fed sodium propionate-supple-
mented diet (2.5 g/kg). Also, adding 1 and 2 g/kg of propi-
onic acid to the Nile tilapia diet improved immunological
parameters, including serum bactericidal index, lysozyme
activity, and nitric oxide level (Reda et al., 2016). In the
current study, increased plasma total protein and globulin
of common carp fed with dietary lactic acid are in line with
increased humoral immune parameters. The same finding
was reported by Aalamifar et al. (2020), that fed Asian sea
bass with butyric acid-supplemented diets. Also, other re-
search studies showed increased plasma total Ig in differ-
ent fish species fed with different kinds of organic acids,
such as sodium propionate (Safari et al., 2021) and sodium
butyrate (Abdel-Latif et al., 2021).

5. Conclusion

In conclusion, dietary lactic acid supplementation can
increase growth performance, hepatic health, and immu-
nological parameters in common carp. The best growth
can be achieved at 5 g/kg dietary lactic acid, whereas
improvement in hepatic health and immune responses
is achievable at lower supplemental levels (2.5 g/kg).
Hence, supplementing diets with 2.5-5 g/kg lactic acid is
recommended for common carp feed.
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