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ABSTRACT

Background: Carotenoids such as p-carotene, a-carotene, lycopene, lutein and p-cryptoxanthin are a family of pig-
mented compounds which are synthesized by many vegetable crops and microorganisms but not animals. In human
and murine models, carotenoids are shown to mediate their effects via different mechanisms such as gap junction
communication, cell growth regulation, modulating gene expression and immune response. In some fish species,
the immunomodulating action of synthetic carotenoids has been the subject of some research. How ever, studies
on the effects of carotenoids from natural sources on fish growth performance and immune parameters are lacking.
In the current study, a preliminary study with 60 days feeding was conducted to study the influence of different
natural sources of carotenoids from some vegetable crops on growth and some immune indices in rainbow trout
(Oncor hynchus mykiss).

Materials, Methods & Results: Purified isonitrigenous (crude protein: 40.16%) and isocaloric (3660 kcal kg™) diet
with 4.5 g of powdered crops namely tomato (Solanum lycopersicum) and sweet pepper (Capsicum annuum) per kg
feed or control diet without any treatment was prepared. Rainbow trout weighing 150 + 9 g were distributed equally
into 2 groups with 33 fish in each group. Each group contained 11 fish in triplicate reared in individual ponds. In
treatment group, fish were fed diet containing 4.5 g of powdered crops for 60 days while in control group, basal diet
without any treatments was fed. At the end of the feeding trial, 4 fish per tank were sampled to analyze the growth
parameters. Seven fish were also bled from the caudal vein to collect serum sample for immune parameters. During
this study no mortality of fish was observed in different groups. Results of this study showed that condition factor and
feed intake were similar among the groups while specific growth rate and weight gain showed a significant increase
in treatment group compared to control group. Immunological parameters namely peroxidase content, antibacterial
activity, al-antiprotease, total antiprotease activities and total protein did not vary among the groups, even though
slight decrease in serum peroxidase content was shown in treatment group. On the other hand, serum lysozyme
activity of fish fed treatment diet was significantly higher than control group.

Discussion: Enhanced growth performance in the current study might be attributed to some intermediary metabolism
which could enhance nutrient utilization and may ultimately result in improved fish growth. Lysozyme is secreted by
leukocytes and is a marker of leukocyte activity, increasing concomitantly with phagocytic activity. Administration
of natural carotenoids in fish diet exerts a stabilizing or protective effect against oxidative damage, and enhances the
proliferation of these cells, which could result in increased serum lysozyme level. Feeding natural carotenoids might
act as a direct scavenger of reactive oxygen species and decrease the body’s need for certain antioxidant enzymes.
Therefore, slight decrease in serum peroxidase content can be attributed to this point. In conclusion, this study showed
that rainbow trout appear to benefit from inclusion of crops in diet in terms of improved growth performance and
immune system.
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INTRODUCTION

Fish respond to infectious agents in both non-
specific and specific ways even though they rely mostly
on non specific immune systems. Immunostimulants
have the ability to augment the resistance to diseases
by enhancing nonspecific and specific defense mecha-
nisms [5]. Among immunostimulants, depending on
their sources, natural ones are preferable because they
are biocompatible, biodegradable, cost effective and
safe for the environment [5,15].

Carotenoids are a family of pigmented com-
pounds that are synthesized by many vegetable crops
and microorganisms but not animals [8]. Some ma-
jor dietary carotenoids are B-carotene, a-carotene,
lycopene, lutein and B-cryptoxanthin [14]. Recent
studies show that carotenoids may mediate their ef-
fects via different mechanisms such as gap junction
communication, cell growth regulation, modulat-
ing gene expression and immune response [8,14].
However, carotenoids such as a- and p-carotens and
B-cryptoxanthin have the advantage of being converted
to vitamin A and its related role in the development and
disease prevention. A few studies in fish have been ob-
served on the influence of dietary synthetic caroteniod
sources on immune responses [1,6,7,16,17]. However,
study the effects of carotenoids from natural sources
in modulating immune responses in fish still lacking.
The effects of carotenoids from marine algae and red
yeast on rainbow immune system were previously
observed [2]. Hence, an investigation aimed to study
the effects of some vegetable crops as the sources of
carotenoids on the immune mechanisms in rainbow
trout was performed.

MATERIALSAND METHODS

Specimens

Sixty-six fish (mean body weight
150 + 9 g) of the rainbow trout (Oncorhynchus
mykiss) were kept in 300 L running water concrete
tanks at 14 + 1°C and in a fish farm in Tabriz, Iran.
Study was started from July 2010 and specimens were
exposed to a natural photoperiod (14:10 h light/dark
schedule) in the fish farm. Fish were acclimatized to
the experimental rearing condition for 14 days. Dis-
solved oxygen, ammonia, nitrate, nitrite and pH were
monitored and remained within limits recommended
for rainbow trout.

Carotenoid preparation

Tomato (Solanum lycopersicum) and sweet
pepper (Capsicumannuum) were sundried. The dried
crops were finely ground and passed through a fine
meshed sieve to ensure homogeneity. Powders were
mixed in equal volume and stored at 4°C for further
use.

Dietary intake of carotenoid

Sixty-six fish were divided randomly into two
groups, in triplicate, with 11 fish in each tank. Two
purified isonitrigenous (crude protein: 40.16%) and
isocaloric (3660 kcal kg™) diets supplemented with
vegetable crop powder (4.5 g kg') or without carot-
enoid as control group were prepared as shown in Table
1. Feeding trial was conducted for 60 days. Feed was
given at 1.5 % of total biomass, three times daily.

Tablel. Composition of the experimental diet (% of dry matter).
Experimental diets

INGREDIENT
Fish meal, menhaden? 50.00
White wheat 10.00
Soybean meal (48%) 17.27
Soybean oil 7.00
Grain corn 12.48
DL-Methionine 0.5
L-Lysine 0.5
Vitamin mixture? 0.5
Mineral mixture® 0.5
Vitamin E 0.5
Choline chloride 0.1
Binders 0.15
PROXIMATE ANALYSES (IN DRY MATTER)
Dry matter (%) 90.26
Crude protein (%) 40.16
Crude lipid (%) 15.54
Crude fiber (%) 3.99
Digestible ener
g(kcal kg™ Y 3660

tATA Co. Tabriz, Iran. Crude protein: 64.5%. *ATA Co. Tabriz, Iran.
Vitamin premix (mg kg unless otherwise stated): vitamin A 600 1U;
vitamin D, 300 IU; vitamin E 7; vitamin B, 8; vitamin B, 7; vitamin B,
15; vitamin B, 22; vitamin By 6; vitamin B, 3; vitamin B,, 3; vitamin H, 4;
vitamin C 25. °ATA Co. Tabriz, Iran. Mineral premix (mg kg diet): Copper
25; Ferrous 75; Zinc 35; Selenium 3; Manganese 20; Magnesium 20.
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Growth performance

At the end of feeding period, 4 fish from each
individual tank were starved for 24 h, then weighted
and factors such as feed intake (g feed/ fish), weight
gain, specific growth rate (SGR) and condition factor
(CF) were calculated as following:

Weight gain =final weight (g) — initial weight (g);

SGR =100/ (InW,-W.)/ T; where W and W,
are the initial and final weight, respectively, and T is
the number of days in the feeding period;

CF =W,/ L® x 100, where W, is final weight
(9), L is total length (cm).

Blood collection

At the end of the feeding trial, 7 fish from each
tank were sampled. The fish were anaesthetized with
solution containing clove powder (200 mg L*). Blood
samples were collected from the caudal vein and al-
lowed to clot at 4°C for 5 h. After centrifugation, serum
was removed and frozen at -80°C until use.

Immunological parameters
- Lysozyme activity

Briefly, 25 uL of individual serum was mixed
with 175 pL Micrococcus lysodiekticus! suspension at
750 ug mL*in 0.1 M phosphate citrate buffer, pH 5.8.
The change in turbidity was measured after 4 and 9 min
at 450 nm at approximately 20°C using a microplate
reader. A unit of lysozyme activity was defined as the
amount of sample causing a decrease in absorbance of
0.001 per min and expressed as U mL™* of serum [19].
- Serum bactericidal assay

Briefly, 33 pL of serum in triplicate was di-
luted with 100 pL of 108 mL™* bacterial suspension of
Salmonella typhimurium (ATCC 1370) in Tryptone
soy broth (TSB)2. After incubation for 6 h at 18°C,
plate was shaken slightly for 10 min and supernatant
was discarded. 100 pL of 3-(4,5-dimethylthiazol-2-yl)
2,5-diphenyltetrazolium bromide (MTT)3 (0.5 mg mi?)
was added to each well [20]. After 15 min in the dark,
the optical density (600 nm) of the viable bacteria was
measured.

- Serum al-antiprotease assay

In tubes 10 pL of serum was diluted with 20
ug of trypsin dissolved in 100 L of Tris-HCI (50 mM,
pH 8.2). In the serum blank, trypsin was replaced with
100 uL of Tris-HCI, and in the positive control no se-
rum was added to trypsin. All tubes were made up to

200 pL with Tris-HCl and incubated at room temperature
for 1 h. Then, 2 mL of 0.1 mM substrate, BAPNA (Na-
benzoyl-DL-arginine-p-nitroanilide HCI)* dissolved in
Tris-HCI (containing 20 mM calcium chloride), was
added to all tubes and incubated for a further 15 min [13].
Finally the color-change was stopped by adding 500 pl
of 30% acetic acid and the optical density was read at
410 nm in a UV-visible spectrophotometer®. The OD of
the positive control, i.e. the activity of trypsin without
the addition of any serum was taken as 100% activity.
The OD values of the serum blank were deducted from
trypsin plus serum, and the percentage trypsin inhibition
by the serum was calculated [13].

- Serum total antiproteases assay

In tubes 10 pL of serum was diluted with 20
Mg of trypsin dissolved in 100 uL of PBS (pH 7.4).
All tubes were incubated at room temperature for 30
min. Then, 1 mL of casein dissolved in PBS (2.5 mg/
mL), was added to all tubes and incubated for a fur-
ther 15 min. Finally the color-change was stopped by
adding 500 pL of 10% trichloroacetic acid. All tubes
were centrifuged at 800 g for 10 min to remove the
precipitate. The optical density was read at 280 nm in
a Biophotometer® [13].

- Serum peroxidase content

Serum samples (15 pL) were placed in each
well of a 96 well plate. 135 mL of HBSS without Ca*?
or Mg**was then added to each well. Finally, 50 mL of
20 mM 3,30,5,50-tetramethylbenzidine hydrochloride
(TMB)" and 5 mM H,0, was added. The color-change
reaction was stopped after 2 min by adding 50 mL of
2 M sulfuric acid and the optical density was read at
450 nm by ELISA reader [3].

Total protein content

Serum total protein was determined following
the method of Bradford [9].

Satistical analysis

The results were subjected to Independent-
Sample T-Test to compare different treatments using
the SPSS 15. Correlation coefficients were significant
with P < 0.05.

RESULTS

During this study no mortality of fish was
observed in different groups. Significant differences
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(P < 0.05) in SGR and weight gain were recorded
between dietary treatments while feed intake and
CF were not significantly affected by treatment diet
(Table 2). Immune parameters of two groups are pre-
sented in Table 3. Serum peroxidase content, antibac-

terial activity, al-antiprotease and total antiprotease
values did not show any significant changes. Serum
total protein was not also enhanced in treatment group.
Serum lysozyme activity of fish fed treatment diet was
significantly higher than control group.

Table2. Growth performance of rainbow trout fed diets with experimental diets (initial average weight
150 + 9 g). Values are means * SE of three replicates. Means in one row with different letters are significantly

different (P < 0.05).

Parameter Control group Treatment group
Specific growth rate 0.932 £ 0.029? 1.680 £0.017°
Condition factor 1.530 £ 0.035 1.420 + 0.046
Weight gain 45.775 = 0.501° 79.188 + 1.014°
Feed intake 73.388 £ 1.006 63.705 £ 0.919

Table 3. Immune parameters of rainbow trout fed with experimental diets (initial average weight 150 + 9 g). Values are means
+ SE of three replicates. Means in one row with different letters are significantly different (P < 0.05).

Parameter

Control group

Treatment group

Peroxidase content

(450 nm) 0.268 + 0.004 0.258 + 0.005
Anti Bacterial activity 0.727 + 0.039 0.752 + 0.04
(600 nm) T e
o,-antiprotease
(410 nm) 0.046 + 0.005 0.051 + 0.005
Total antiprotease 2.484 +0.015 2.406 +0.018
(280 nm)
Total protein 48.344 + 1.55 47566 +0.77
(mg mL*)
Lysozyme . A
(U mL™) 2.944 + 0.152 5.153 £ 0.05
DISCUSSION

Pepper is an important agricultural crop for
the nutritional value, mainly due to natural colors and
antioxidant compounds. Lycopene, a powerful natural
caroteniod in pepper, and B-carotene are also present
which act as chain-breaking antioxidants and as scav-
enger and quencher of singlet oxygen [12]. Tomato
is also lycopene-rich food with other carotenoids,
namely lutein and B-carotene which are present in
much smaller amounts [10].

In the current study, administration of vegeta-
ble crops influenced the specific growth rate and weight

gain in rainbow trout during the term of the experiment.
This result is consistent with previous study, where
higher growth rate and reduced feed conversion was
observed [18]. The positive role of these products can
be attributed to some intermediary metabolism which
could enhance nutrient utilization and may ultimately
result in improved fish growth.

In this study serum lysozyme activity also
increased with the addition of vegetable crops. A
similar pattern in fish lysozyme activity following the
administration of carotenoids was previously shown
[1,2]. Itis believed that lysozyme is secreted by leuko-
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cytes and is a marker of leukocyte activity, increasing
concomitantly with phagocytic activity. Incorporation
of carotenoids into the leukocyte plasma membrane
lipids exerts a stabilizing or protective effect against
oxidative damage, and enhances the proliferation of
these cells, which could result in increased serum
lysozyme levels [1].

When fish encounter pathogens, myeloper-
oxidase and eosinophil peroxidase in granules of
phagocytic cells can be released by degranulation
when properly activated. They use H202 and halide
ions to form chlorides and chloramines to help in the
fight [4]. In the present study, no changes in serum
peroxidase content compared to the control diet oc-
curred even though slight decrease was shown in
treatment group. Similarly, decrease in leukocyte
superoxide dismutase activity and serum glutathione
peroxidase concentration following administration of
beta-carotene in healthy adults was previously shown
[11]. It was previously assumed that supplemental
carotenoids may act as a direct scavenger of reactive

oxygen species and decrease the body’s need for
certain antioxidant enzymes [11].

In general, our present study indicates the
potential protective role for carotenoids from some
vegetable crops on rainbow trout growth performance
and lysozyme activity.
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