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Abstract

This study was conducted to find out the effect of propionic fatty acid on some growth
indicators and blood immune traits in common carp fish Cyprinus carpio L. Four
concentrations of propionic fatty acid in form of four treatments as, 0.00% represents first
treatment as a control, 0.05% represents second treatment, 0.15% represents third treatment
and 0.20% fourth treatment. These percentages were added to a standard diet with a protein
content of 29.14%. A total 72 fish with an average weight of (25+0.08) g were distributed in
12 cages for each treatment with 3 replicate per treatment. The fish were fed 3% of their body
weight during the experimental duration. The experiment continued for 84 day. The results of
significant analysis showed that B 0.15% treatment was significantly (p<0.05) exceeded on
other treatments in all studied growth parameters such as FW, WG, DGR, RGR, SGR, MGR,
FI, FCR, FCE, and PER, followed by first treatment. As for blood parameters also the B
0.15% treatment was exceeded on other treatments in RBC, Hb, PCV, MCV, MCH, and
MCHC followed by B 0.05% treatment. As for the immunological parameters (WBC and
IGM) the B 0.15% treatment also exceeded on other treatments followed by B 0.05%
treatment. Hence concluded the adding of propionic fatty acid to the diet of common carp
fish had a positive effect on all the studied parameters.
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Introduction presence of a regular and balanced

diet, which is the basis for the
One of the most important indicators possibility of increasing the density of
of the success of fish farming is the fish farming per unit area. Intensive
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fish farming led to the presence of
many problems faced by intensive fish
farming, including the spread of
diseases, which means the inefficiency
of the immune system of fish in the
case of rearing at high densities, or that
the immune system is unable to
confront these diseases [1] [2]. When
fish eat diets the concentration of
hydrochloric acid decreases in the
stomach, and this increases the pH
levels. This increase has a detrimental
effect on the activation of pepsin and
pancreatic enzymes, which reduces the
capacity of the alimentary canal and
affects the growth performance of
fish.Acidifiers, such as fatty acids and
their salts, provide a potential
alternative to antibiotics and to
improve fish growth and health, as
fatty acids are involved in many
pathways of energy metabolism [3].
Also, the excessive and ill-conceived
use of antibiotics led to an increase in
resistance to pathogens as a result of
genetic mutations, or finding new
methods and  mechanisms  for
resistance to wused antibiotics, In
addition to the accumulation of these
antibiotics in the cells of the body [3];
[4]. For these reasons, the use of
antibiotics as a growth stimulator was
prohibited in different fish farming
systems [5]. Also, the continuous use
of antibiotics leads to the destruction
of beneficial bacterial communities in
fish, which leads to inhibition of the
effectiveness of the immune system of
fish [6]. Therefore, it has become
necessary to have alternatives to
enhance the immune system of fish
and thus promote the growth of
beneficial bacteria. Recently, focus has
been placed on the use of many
additives, including fatty acids
(acidifiers) [7]. Fatty acids are also
approved for use in fish farming by the
European Union (EU) as they have
been shown to be the most promising
natural growth promoters in terms of

controlling pathogens and promoting
fish growth [8].

Material and methods

Environmental measurements

The following physicochemical
parameters of water were measured
during the duration of the experiment
such as Water temperature, Dissolved
oxygen, pH, Salinity, and total
dissolved substances. Periodic
measurements were made to assess the
quality of the water and to indicate its
suitability for fish rearing.

Fish

Fingerlings of common carp
(Cyprinus Carpio L.) were brought
from one of the local hatcheries, Babel
Governorate, Al-Mahaweel district,
with 200 fingerlings, with an average
weight of (25 + 0.08) gm, by means of
a transport vehicle designated for
transporting fish. The fish were
sterilized with 3% saline solution for
five minutes until signs of stress
appeared on them. The fish were left
for 24 hours to rest, then they were
distributed among the experimental
cages, with six fish per cage, after
excluding the undesirable fish. After
that, it was acclimatized for 14 days, as
the fish were starved for three days,
after which food was given to them at
a rate of 1% of the biomass weight in
each tank (two meals per day).

Preparing the ration

The components of the ration were
brought from the local markets, mixed,
and then pressed using a thermal press.
Tables (1) show the components of the
ration. Then, propionic acid was added
at four levels: P 0.00%, P 0.05%, P
0.15%, and P 0.20%, with three
replications for each treatment.
Statistical analysis

The experiment was designed
according to the CRD design and the
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results were analyzed using the SPSS
data analysis software (21).

Studied parameters

Weight gain = Final Weight- Initial
Weight

Daily growth rate = Final Weight- Initial
Weight/ AT according to [9].

Relative  Growth  Rate =  Final
Weight*Initial Weight/ Initial Weight
according to [10].

Specific growth Rate = Ln Final Weight-
Ln Initial Weight / AT according to [11].

Metabolic growth Rate = Weight gain (g)
II{( Initial Weight/1000)*® + Final
Weight/1000)®® }/2]/study duration (g/kg
0.8/d) according to [12].

Feed Conversion Ratio = weight of food
intake / weight gain of fish according to
[13].

Feed conversion efficiency = weight gain
of fish / weight of food intake *100
according to [13].

Protein Efficiency Ratio = Weight gain /
protein intake according to [14].

Table (1) Ingredients of experimental diet

No Ingredients percentage in the diet (%)
1 | Soy bean meal 40
2 | AL-Wafi protein concentration 20
3 | Wheat bran 15
4 | Corn 15
5 | Barley 5
6 | Wheat flour 3
7 | Premix 1
8 | Qil 1
Chemical composition of diet
Component Result (%)
Moisture 5.03
Dry matter 94.97
Crude protein 29.14
Crude fat 1.74
Crude fiber 4.48
Nitrogen free extract (NEF) 51.1
Ash 8.51
Gross energy (Kcal/g) * 396.726
Digestible energy (Kcal/g)** 297.5445
Metabolizable energy (Kcal/g)*** 323.7654
Protein : Calorie ratio **** 979.34

* Gross energy (Kcal/g) it was calculated according to [15] by using factors 5.65,
9.45 and 4.22 Kcal/g of protein, lipid and carbohydrate, respectively.

** Digestible energy (Kcal/g) it was calculated by applying the coefficient of 0.75 to
convert gross energy to digestible energy according to [16] .

*** Metabolizable energy (Kcal/g) it was calculated using a value of 4.5 Kcal/g
proteins, 8.51 Kcal/g fat and 3.48 Kcal/g carbohydrates according to [17].

**** Protein : Calorie ratio it was calculated by below equation

P:E = crude protein x 10000/digestible energy, according to [18].

Results:

1- Environmental factors: The
environmental factors of the
water in the breeding basin
were  measured, so the
temperature ranged between

16.5 C at the beginning of the
experiment and 30 C at the end
of the experiment. The amount
of oxygen ranged between (7.8-
7.2), and the pH value ranged
between  (8.1-7).  Salinity
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ranged between (4.981 - 6.73).
The amount of total suspended

matter ranged (3015 - 4105), as
shown in Table (2).

Table (2) Some environmental factors of water in the breeding pond

Environmental factors
duration Temperature 0, salinit

P Mg/l pH Mg/ly DS
3-3 to 16-3-2022 16.50 7.8 8.1 4,981 3015
16-3 to 30-3-2022 18.00 7.5 7.8 5.380 3022
30-3 to 12-4-2022 22.70 7.5 7.5 5.370 3334
12-4 to 25-4-2022 24.30 7.4 7.3 5.501 3411
25-4 to 8-5-2022 25.00 7.5 7.2 5.622 3590
8- 5 to 21-5-2022 28.20 7.3 7.0 5.850 3701
21- 5 to 3-6-2022 30.00 7.2 7.0 6.730 4105

2- Growth parameters:

Table (3) shows that there are
significant differences between the
treatment in all studied parameters. P
0.15% was superior to the rest of the
treatments in FW, which recorded
(157.68 * 0.433) gm, in WG recorded
125.31 + 0.346) gm, in DGR recorded
(.49 £ 0.01) gm/day, and RGR
recorded (387.35 = 6.71)%. SGR
recorded (1.88 + 0.017)%/day MGR
recorded (10.20 + 0.06) pg/kg/day. The

control treatment recorded the highest
mean in FCR (2.37 £ 0.02), while in
the FCE it was superior P0.20% with
mean (43.840 £ 0.127)%, while in the
PER the highest mean was record to P
0.20% (1.506 = 0.003)%. Followed it
significantly in most parameters P
0.05%, then P 0.20% and the control
treatment recorded the lowest means in
those parameters.

Table (3) Some of the studied growth parameters (mean + standard error) for common
carp fish fed on diets containing different levels of propionic acid during the

experimental period.

Treat. & W FW WG DGR RGR SGR Fl MGR FCR FCE PER
concent. (gm) (gm) (gm) | (gm/day) (%) (%/day) | (g/Fish) | (g/Kg/day) (%) (%)
31.92 136.06 | 104.14 1.24 326.22 1.72 246.87 9.30 2.3700 | 42.18 | 1.4467
P 0.00% +0 '207 +1.683 | £1.673 | +0.020 | +5.684 | +0.016 | +1.275 +0.082 +0.02 | +0.463 | +0.017
7 c c c c c c c a b b
3233 151.47 | 119.14 1.41 368.57 1.83 283.25 9.94 2.3767 | 42.06 | 1.4433
P 0.05% : +0.534 | £+0.648 | +0.008 | +3.856 | +0.008 | +1.305 +0.04 +0.008 | +0.183 | +0.008
+0.192
b b b b b a b a b b
3237 157.68 | 125.31 1.49 387.35 1.88 286.66 10.20 2.2867 | 43.7167 | 1.4933
P 0.15% +0 '504 +0.433 | £0.346 | +0.005 | +6.713 | +0.017 | +1.406 +0.05 +0.014 | +0.297 | +0.006
7 a a a a a a a b a a
3261 148.75 | 116.13 1.38 356.09 1.80 264.89 9.78 2.2800 | 43.8400 | 1.5067
P 0.20% ; +0.609 | £0.337 | +0.003 | +2.601 | +0.008 | +1.386 +0.02 +0.005 | +0.127 | +0.003
+0.306
b b b b b b b b a a

3- Blood parameters:

The results of the statistical
analysis in Table (4) indicate that there
are significant differences (p<0.05)
between the concentration treatments
used, the P 0.15% recorded the highest
values among the three concentration
treatments. P 0.15% was recorded in
RBC (1.54 + 0.01)10° cells/ pm?®, in Hb
Table (5) shows that the two
treatments, P 0.15% and P 0.05%,

were significantly superior (p<0.05)
with values (9.58 + 0.39),(8.92 + 0.01)
(g/dl), respectively, as there were no
significant differences between them,
but they differed significantly from the
treatments, P 0.20%, and control. In
PCV, the treatment achieved P 0.15%
mean (23.80 £ 0.10)%, in MCV it
achieved (213.85 + 1.45) um®, in MCH
recorded (92.15 + 0.75%), and in
MCHC the four treatments did not
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record any significant difference
between them. The treatment, P 0.15%,
was followed by the treatment P 0.05%
and P 0.20% in all the above criteria,

while the control treatment recorded
the lowest mean in the above criteria.

Table (4) Some studied blood parameters (mean + standard error) for common carp
fish fed on diets containing different percentages of propionic acid during the duration

of the experiment.

Studied

RBC

Hb

MC MCH

WBC

parameter 10%mm® | g/dl) PS N MCY H C 10%/mm? TSP IGM
s 0 Cl O W] e | o 0 (/)
205 80.7
Lo |19 1o |15 o a2 | 2022 | 223 | 00027
P 0.00% 2001 | F0 104 | S | 204 | x241 w082 | 0 | )
d b 2 d 2 a c b b
221 873
127|892 s |17 0 | aea | 21139 | 250 | 0000
P 0.05% 005 | 57 |02 | 00| 416 | £107 w233 |50 |
b a g b 8 a b a a
238 92.1
154 | 238 1o P38 s 3006 | 2790 | 52| 0900
P 0.15% 2001 | T 101 | P | 207 | 054 055 | 50 |
a a g a 2 a a a a
208 85.8
13 | 172000 [ 183 10 | 3635 | 20333 | >3 | 000234
P 0.20% 000 | T2 | 201 | o | 206 | 044 2018 | 70|
c b 2 c g a c b b
4- Immunological The obtained results showed that the
parameters: amount of oxygen was suitable for
Table (4) shows that there are ralsmg gommon carp ﬂ/SIh’ é:js It; Va|l/J|e
significant  differences  (p<0.05) rar?_ge etween 7.8 mg 'anbl 7-f mgh.
between the treatments. P0.15% This ?]mc;unt IS very suitable | %r the
excelled in all  the studied growth of common carp, as Alabaster

immunological parameters, in WBC P
0.15% recorded the highest mean
(21790 + 055) 10° cells/um?,
followed by P 0.05%, in TSP P0.15%
recorded (292 + 0.00) g/100ml,
followed by, without significant
differences, P 0.05%, which recorded
(2.86 £ 0.00) g¢/100ml. As for the
immunoglobulin  IGM treatment P
0.15%, recorded (0.00444 + 0.00011)
g/L which did not differ significantly
from P 0.05%. The control treatment
recorded the lowest means in all
immunological traits (Table 4).

Discussion
1- Environmental
measurements

[19] indicated that the appropriate
ranges for growth and other vital
activities of carp fish from dissolved
oxygen in water amounted to 6-8.4 mg
/ L. The results in Table (2) showed
that the temperature was suitable for
breeding common carp fish, as Froese
and Pauly [20] confirmed that common
carp fish can live in warm waters and
in a wide range of temperatures
ranging from (3-35) °C. The pH value
was within the optimum limits for
common carp breeding. FAO [21]
showed that the appropriate pH for
common carp breeding ranged between

(6.5-9.5).
2- Growth parameters:
It seems that the acid

concentration used in this study played
an important and major role in the
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studied growth parameters, as it is
clear from Table (4) that the
treatments, P 0.15% and P 0.05%,
recorded the highest values in all
parameters , final weight, weight gain,
daily growth rate and Relative growth
rate is a measure of the qualitative
growth rate. It is also noted that all the
above-studied criteria decreased in
relation to the last treatment of
propionic acid, this is evidence that
increasing the concentration beyond
certain limits can have a negative
effect. The increase in growth
parameters relative to the two initial
concentrations of acid is consistent
with several studies that confirm that
the addition of acidifiers to fish feed
can positively affect most, if not all, of
the growth parameters from those
studies, study El-Naby et al. [22] those
who confirmed that the use of
acidifiers led to an increase in all the
studied growth parameters, the
researchers instructed the reason that
acidifiers could have the ability to
increase the surface area of the
alimentary canal by increasing the
height and width of the intestinal villi,
which leads to improved absorption of
nutrients later in the intestine of fish.
This was also confirmed by the study
of Zhou et al. [23], in which they used
three types of butyrate salts and were
fed in one proportion to grass carp fish.
They concluded that the different types
of salts used had no effect, but they
affected all the studied growth
parameters. These results are also
consistent with the findings of Wenshu
et al. [24] when they conducted a study
of the effect of sodium butyrate
encapsulated in microcapsules on
growth, intestinal mucosal formation,
immune response and adherent
bacteria in common carp (Cyprinus
carpio L), where they found that
sodium butyrate had an effect on All
studied growth parameters, as these
salts improved weight gain, specific

growth  coefficient, and  feed
conversion coefficient. The superiority
of the treatment, P 0.15, is due to the
presence of a good concentration
suitable for the growth of Gram-
positive bacteria, in addition to
providing the appropriate pH for the
action of digestive enzymes, because
the presence of organic acids leads to a
diversity of the activity of those acids
inside the intestine as anti-activities for
many types of bacteria, especially the
pathological ones, and this It gives a
wider space for beneficial bacteria to
expand in the intestine due to reducing
crowding out between different types
of bacteria. The optimal pH value
(optimal pH) which is (the pH value
that provides the highest enzyme
activity) and pH stability (the pH range
that provides suitable enzyme stability)
can greatly affect the enzyme activity
due to an increase in the amount of
acid in the diet fed to the fish. .
Therefore, the activity of many
enzymes diminishes when the pH
drops or rises from optimal levels [25].
This is what happened here in this
study, where it was observed that when
the acid concentration was increased to
high levels, the growth parameters
began to decline. Acidifiers work in
two important directions, the first is
that they provide the ability to lower
the pH of the gastrointestinal tract,
which provides good ranges for the
action of many enzymes, and the
second is that they participate in many
metabolic pathways to generate
energy, which increases the metabolic
processes within the body [3]. In both
directions in which acidifiers work,
acidifiers helped in this experiment to
lower the pH value and thus increase
digestion, which ultimately leads to an
increase in metabolism, and this may
explain the increase in the rate of
metabolic growth of fish at certain
levels of the concentrations used. In a
study conducted by Nordrum et al.
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[26], which dealt with the study of the
effect of graduated levels of
triglycerides on growth, digestive
processes and nutrient utilization in
Atlantic salmon, they found a decrease
in the digestion of carbohydrates and
an increase in the digestion of fats. The
presence of digestive processes, which
led to a high rate of metabolic growth.
This supports the results of this study,
where it was clear that the rate of
metabolic growth increased for the
treatment of P 0.15%. As for the low
rate of metabolic growth in treatment P
0.20%, it may come from the effect of
high concentrations of acidifiers on the
growth of beneficial bacteria that live
within medium acidity ranges, such as
lactic bacteria, as confirmed by Busti
et al. [27] that acidifiers change the
properties of prebiotics in the gut
microbiota. Or this decrease in the
level of metabolic growth rate may be
due to the palatability, as table (3)
shows the decrease in the amount of
feed intake due to the high
concentration of acids in the diet,
which  may reduce the fish’s
palatability to the diets, as the addition
of these materials in higher quantities
or  concentrations  reduces  the
palatability of the food and thus leads
to This leads to less food intake by fish
due to the strong odor and flavor
becoming undesirable to the fish
[28][29].

It is also noted in Table (4) a
significant decrease in the criterion of
the food conversion rate by increasing
the concentration, as the treatment
exceeded P 0.15%, followed by the
treatment P 0.05%, then P 0.20%. The
reason may also be due to palatability
or the reason may be due to the fact
that a decrease in the pH value to low
levels can affect the feed conversion
rate as the optimal pH (as discussed
previously) and the stability of the pH
affect the activity of enzymes in fish

[25]. These results are consistent with
the findings of Wenshu et al. [24].

The presence of propionic acid
may have improved, albeit slightly, the
protein efficiency ratio. These results
are consistent with the study of Yi et
al. [30] in mirror carp (Cyprinus
carpio) and confirmed by Zhang et al.
[31] in young eel (Anguilla rostrata)
and confirmed by Huang et al.[32] in
the Japanese sea bass Lateolabrax
japonicas..

3- blood parameters

The treatment, P 0.15%, was
superior to the rest of the other
concentration treatments in most of the
studied characteristics, especially red
blood  cells, hemoglobin  and
hematocrit. ~ This  treatment  was
followed by a treatment of P 0.05%,
then a treatment of P 0.20%. Certainly,
those standards increased, but when
the concentration increased beyond
those limits, those standards decreased.

The most important functions of
the blood are the supply of oxygen and
nutrients to tissues, immune functions,
coagulation, and hormone transport
functions [33]. There is also a close
correlation between the number of red
blood cells and the amount of oxygen
consumed and transported through
hemoglobin, given the various
important roles of blood as measuring
blood parameters provides a more
reliable picture of the metabolism of
fish and the short and long-term effects
of “suboptimal” farming conditions,
water quality, and condition Nutrition
[34]. It was found that there is a strong
correlation between blood parameters
and the rate of metabolic growth.
Where the higher the metabolism, the
greater the amount of oxygen that the
body needs to cover the high rate of
metabolism and thus increase the
number of red blood cells accordingly.
This is confirmed by the high rate of
metabolic growth in Table (3),

MJAS



accompanied by an increase in the
number of red blood cells (Table 4).
The close association between blood
parameters, especially red blood cells
and hemoglobin, with fish metabolism
stems from the fact that increased
metabolism requires sufficient amounts
of oxygen for the purpose of
metabolizing these nutrients in the
body [35]. The higher the metabolism,
the greater the amount of oxygen
needed by the fish for the purpose of
representing nutrients in the cells,
which prompts the body to promote
red blood cells and increase their levels
in order to keep up with the body’s
need for oxygen [36] Which forces red
blood cells to increase the amount of
hemoglobin in the bodies of those cells
because it is  responsible  for
transporting oxygen and thus an
increase in the volume of red blood
cells in addition to the increase in the
size of those cells because they contain
a larger amount of hemoglobin. This
explains the increase in the size of red
blood cells in the above results. Also,
hemoglobin is responsible for aerobic
metabolism, which works to deliver
oxygen to tissues, where tissues use
these gases as a final receiver for
electrons derived from oxidative
catabolic reactions and metabolism, as
the higher the metabolism, the greater
the need for [37]. This phenomenon
can be explained by the fact that the
hematopoietic activity in animals,
including fish, is the result of synergy
between various essential nutritional
factors, including vitamin B12, vitamin
B6, vitamin K, vitamin D, and the
presence of some acids, including
folic, propionic, butyric, and some
other acids, as well as some minerals
such as iron. zinc, copper...etc [38].
From this, the role of acids in
increasing blood activity becomes
clear in two directions. The first is the
ability of acids to increase the
digestion of nutrients, which includes

all digestible food in the diet and the
factors that aid in their digestion. The
second direction is the increase in
growth as a natural result of increased
digestion. In both directions, fish need
large amounts of Greater than blood, in
the study of Hongyan et al., [39] in the
search for the relationship between
body mass and blood parameters in
young Vyellowfin tuna fish Thunnus
albacares, they proved that the greater
the body mass, the greater the amount
of blood in those fish as an indicator of
a high metabolism.

As the results show in Table (4),
the two treatments of the second and
first concentrations were superior in
the standard of the number of white
blood cells, followed by the treatment
of the third concentration. direct effect
of functional additions or as a result of
improved health of fish) [36].

Immunoglobulin (IGM) is also
considered the first barrier in fish
resistance to diseases, and its function
is to identify foreign bodies such as
bacteria and viruses and weaken them
[40]. Zarei et al. [41] also confirmed in
his study the effect of dietary butyric
acid glycerides on the performance of
Acanthopagrus fingerlings. latus, the
content of total immunoglobulins and
lysozyme activity in the skin mucus
increased with the increase of dietary
butyric acid glyceride, as it was
observed in our study and when
dealing with fish that the fish had a
high content of the amount of mucus in
the skin, which is one of the most
important first defense means in the
[42].

Total serum proteins play an
important role in the humoral
immunity of fish and the innate
immune response [43]. The amount of
serum  proteins  increased  with
increasing acid concentration until
reaching the highest concentration and
then began to decrease. The results of
this study confirmed the results
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obtained by Rasha et al. [44], where
they indicated that there was a
significant increase in total
erythrocytes, hemoglobin  content,
platelet count, hematocrit, average
hemoglobin in the body, and total
number of white blood cells in most
treatments, and the average volume of
lymphocytes and lymphocytes
increased. neutrophils; Elham et al.
[45] showed that acidifiers have a high
effect on fish immunity.

Conclusions:

The results showed that
propionic acid can be safely used in
common carp diets and that this acid
has a positive effect on growth
parameters, blood parameters, and
immunological parameters.  The
optimum acid addition percentage was
0.15% to the used fish diets.

Recommendations: The need to
include this acid in the diet of common
carp because of its positive effect on
all the studied criteria, especially the
immunological ones, because of its
role in improving the health of fish,
and this is what many breeders suffer
from because of the large number of
deaths as a result of breeding at high
densities in our country, Irag.
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