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ARTICLE INFO ABSTRACT

A feeding experiment was conducted to evaluate the effects of dietary soybean lecithin (SBL) supplementation on
performance, hemato-immunological parameters, lipid biochemistry, antioxidant status, digestive enzymes ac-
tivity and intestinal histomorphometry of Caspian brown trout, Salmo trutta caspius in the pre-spawning stage.
The basal diet was supplemented with 0% (control), 3%, 6%, 9% and 12% of SBL to obtain five experimental
diets. Fish with an average weight of 350 + 10 g were randomly distributed among five experimental groups
and fed for 90 days. Dietary SBL resulted in better performance including specific growth rate (SGR), weight gain
(WG) and feed conversion ratio (FCR) (p < 0.05). Among the different hemato-immunological parameters,
white blood cell counts (WBC), lysozyme, alternative complement activity (ACH50) and total immunoglobulin
(IgM) content of serum were significantly increased with dietary SBL inclusion (p < 0.05). For antioxidant
enzymes, glutathione S-transferase (GST) and catalase (CAT) showed significant differences among various
experimental diets (p < 0.05). Furthermore, digestive enzymes activity including alkaline protease, lipase and
amylase were increased in those fish received SBL supplemented diets (p < 0.05). Our results revealed that the
dietary SBL improved some physiological responses of the fish and indicate 6-9% dietary SBL supplementation
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would improve the physiological competence of the pre-spawning Caspian brown trout breeders.

1. Introduction

The beneficial effects of dietary phospholipids (PLs) including var-
ious structural (e.g., lipoproteins and digestion of lipids), metabolic
(e.g., eicosanoids and inositol) and developmental/physiologic (e.g.,
embryonic and early larval development) roles have been extensively
reviewed [1]. It has been known that aquatic animals (e.g., crustaceans
and fish) cannot synthesize PLs at a rate adequate to fulfill requirements
and will depend on exogenous PLs to meet the metabolic requirements
[2].

The lecithin molecule, composed of choline, phosphate and fatty
acids, plays important roles in hepatic lipid and carbohydrate meta-
bolism of fish [3]. Soybean lecithin (SBL) is a natural-sourced, con-
sistent and superior feed ingredient. It is also an excellent source of
dietary PLs in aquafeeds. Furthermore, bio-surfactant property of SBL
makes it suitable for use as an agent to improve luminal emulsification
of dietary lipids [4].
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The positive role of PLs in diet has been proved in several freshwater
and marine fish species during different life stages such as Atlantic
salmon (Salmo salar) juvenile by Hung et al. [5]; sea bream (Sparus
aurata) larvae by Seiliez et al. [6]; Striped Knifejaw (Oplegnathus fas-
ciatus) broodfish by Yong et al. [7]; pikeperch (Sander lucioperca) larvae
by Hamza et al. [8]; Caspian brown trout (Salmo trutta Caspius) alevin
by Kenari et al. [9]; Channel Catfish (Ictalurus punctatus) juvenile by
Sink and Lochmann [10] and Common carp (Cyprinus carpio) finger-
lings by Adel et al. [11].

The nutritional status of fish at various ovarian developmental
stages greatly affects gonadal maturation, reproductive performance,
and finally progeny quality [12]. Nutrition of fish species broodstock
including salmonids, is poorly understood. Furthermore, the Caspian
brown trout is an endangered species and currently being considered
for conservation program in the southern part of the Caspian Sea [13].
To the best of our knowledge, there is no information regarding the
species nutritional requirements, especially during pre-spawning stage
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of the fish. Therefore, the present study was conducted to examine the
effects of varying dietary SBL levels on some important physiological
parameters of pre-spawning Caspian brown trout.

2. Materials and methods
2.1. Experimental fish

The experiment was conducted at the Cold-Water Fishes Research
Center (Tonekabon, Mazandaran province, Iran) for a period of 90 days.
Hatchery reared individuals (with an average weight of 350 = 10g)
were randomly assigned to five groups (30 fish per group) maintained
in 1700L concrete tanks. During the experimental feeding period,
physicochemical parameters of rearing water were routinely mon-
itored. The natural photoperiod was used and the water quality para-
meters including pH, DO, temperature, salinity and water flow rate
were 7.6-7.9, 85 * 0.5,12 + 1.0°C, < 1g/land 3 * 0.21/min, re-
spectively. Experimental diets were fed to fish at 2% of their respective
body weight three times a day.

2.2. Experimental diets

Dietary formulation and proximate composition of the basal diet in
the present study have been given in Table 1. Experimental diets were
prepared via dietary inclusion of various amounts of SBL (Behpak In-
dustrial Company, Behshahr, Mazandaran, Iran) to the basal diet
(Table 2). In brief, SBL was added to the basal diet at different levels of
0% (control), 3%, 6%, 9% and 12%. According to NRC [14], present
commercial diets for salmonids could contain 25-30% lipid, while the

Table 1
Dietary formulation and proximate composition of the basal
diet (%).

Ingredients (%)

Fish meal * 37
Soybean protein concentrate 11
Wheat flour 10
Meat meal 8
Corn gluten 8
Fish oil * 9
Cellulose 5
Yeast, brewers dried 4
Soybean meal " 4
Vitamin premix © 2
Mineral premix ¢ 2
Proximate composition (%)

Moisture content 9.31
Crude protein 43.45
Crude lipid 16
Crude fiber 2.5
Ash 17.7
Gross energy (MJ kg~ 1)° 18.26

2 Pars-Kilka Mazandaran, Iran.

b Behpak Industrial Company, Behshahr, Mazandaran,
Iran.

¢ Composition of vitamin premix (IU, g or mg/kg): A
(3600000 IU), D5 (8000000 IU), E (14.4 g), K5 (800 mg), B,
(78), B> (2.64g), Niacin (11.8g), Calcium pantothenate
(3.92g), Bg (1.17g), By (0.4g), Biotin (40mg), Choline
chloride (100000 mg). Aras Bazar Pharmaceutical Company,
Mazandaran, Iran.

4 Composition of mineral premix (g/kg): Mn (39.68 g), Fe
(20g), Zn (33.88 ), Co (48, I (0.39 g), Se (0.08 g), Choline
chloride (100g). Aras Bazar Pharmaceutical Company,
Mazandaran, Iran.

¢ Gross energy (MJ kg™') calculated according to
23.6kJ g~ ! for protein, 39.5kJ g~ for lipid and 17.0kJ g~ *
for NFE [14].
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Table 2
Different experimental diets used in the present study.

Treatment Diets specification

1 basal diet +12% soy oil

2 basal diet +9% soy oil + 3% lecithin

3 basal diet +6% soy oil +6% lecithin

4 basal diet + 3% soy oil +9% lecithin

5 basal diet +12% lecithin

Table 3
Fatty acid profiles of basal diet, soybean oil and SBL (% of total fatty acids).

Fatty acid Basal diet Soybean oil SBL
C14:0 1.51 0.11 0.12
C16:0 16.04 11.86 21.63
C18:0 6.85 4.75 -
C20:0 0.25 0.23 0.20
C22:0 0.46 0.32 -
C24:0 0.09 0.05 -
Total Saturates 25.20 17.32 21.95
Cl4:1n-5 0.13 0.02 0.05
C16:1n-7 3.11 0.14 0.03
C18:1n-9 24.45 25.6 16.15
C18:1n-7 3.89 0.84 4.13
C20:1n-9 0.29 0.20 0.11
C22:1n-9 0.06 0.15 -
C24:1n-9 0.46 - -
Total Monoens 32.39 26.95 20.47
C18:2n-6 10.91 48.25 48.85
C20:2n-6 0.25 - -
C20:4n-6 0.67 - -
Total n-6 PUFA 11.83 48.25 48.85
C18:3n-3 2.51 5.35 4.78
C20:3n-3 0.08
C20:5n-3 5.10
C22:6n-3 10.18 -
Total n-3 PUFA 17.87 5.35 4.78

basal diet used in the present study only contained 16% lipid. There-
fore, maximum soybean oil and/or SBL of 12% were included to the
basal diet which yielded maximum of 28% dietary lipid level well
within the recommended dietary lipid requirements for salmonids. One
should notice that soybean oil were added to the experimental diets at
the expense of SBL just to keep energy contents and fatty acid profiles of
the diets constant since they both have similar fatty acid profiles
(Table 3). Basal diet ingredients were weighed and after a thorough
mixing distilled water were added and mixed to yield the desired
consistency. Finally, dietary lipid sources (fish oil, soybean oil or SBL)
were added to the dough and pelleted (strands with 6 mm of diameter).
The strands were dried in a convection oven at 40 °C to the constant
weight and stored refrigerated at 4 °C.

2.3. Fish performance study

At the end of the experiment, fish were fasted for 24 h to determine
their performance. The following equations were used to calculate fish
growth performance [15]: weight gain (WG, %) = (W; — W;)/
Wi) X 100; feed conversion ratio (FCR) = dry feed intake (g)/weight
gain (g) and specific growth rate (SGR) g day~! = 100 (Ln W¢- Ln W;)/
t. W¢ is final body weight (g), W; is initial body weight (g) and ¢t is
experimental duration (days).

2.4. Sample preparation

At the end of experiment, six fish from each treatment were an-
esthetized with 200 mg/ml clove powder. Blood was collected from the
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caudal vein using 5ml heparinized (for hematology) and non-hepar-
inized (for biochemical analyses) syringes. Sera were separated by
centrifugation (Heraeus Labofuge 400) at 1600 g for 10 min and stored
at —20 °C for further analysis. Then, the all six fish were humanly sa-
crificed by a sharp blow to the head and internal organs were dissected
out on ice. Samples were placed in individually marked plastic test
tubes and stored at —80 °C for later determination of antioxidant status
(liver), digestive enzymes activity (pyloric caeca) and histological
analyses (intestine) according to the methods described below.

2.5. Hematological and biochemical analysis

The red blood cell (RBC) and white blood cell (WBC) counts were
determined using a Neubaeur hemocytometer [16]. Hematocrit per-
centage (Ht) was measured using the standard microhematocrit
method. Hemoglobin (Hb) levels were obtained using the cyano-
methemoglobin spectrophotometry method [17]. Monocyte, lympho-
cyte and neutrophil were determined using the Giemsa staining method
and blood smears were detected under a light microscope [18]. Mean
corpuscular volume (MCV), mean corpuscular Hb (MCH), and MCH
concentration (MCHC) were determined as described by Seiverd [19].

Lipid biochemical parameters including very-low-density lipopro-
tein (VLDL), low density lipoprotein (LDL), high density lipoprotein
(HDL), triglyceride (TG) and cholesterol (CHO) were estimated using
commercial kits (Pars Azmoon, Tehran, Iran) by means of a biochemical
auto analyzer instrument (Labsystemphotic100, Japan).

2.6. Immunological analysis

Serum lysozyme activity was determined turbidimetrically using a
slightly modified method described by Ellis [20]. Total im-
munoglobulin (IgM) levels were determined according to the method
described by Siwicki and Anderson [21] and finally alternative com-
plement activity (ACH50) was determined according to the method
described by Sunyer and Tort [22] and based on the haemolysis of
rabbit RBCs.

2.7. Antioxidants analysis

Prior to enzymes assay, liver tissues were cut into small pieces and
homogenized in phosphate buffer (0.050 M, pH 7.4) to obtain a 10%
(w/v) liver homogenate. The supernatant was obtained via centrifuging
the homogenates at 10000g for 20minat 4°C and kept frozen at
—80 °C until analysis. Superoxide dismutase (SOD) activity (Unit/mg
tissue protein), was determined as described by McCord and Fridovich
[23]. In brief, aliquots of 100 ul of tissue supernatant were added to
2ml of reaction mixture and incubated for 20 min at 37 °C. Then, the
absorbance was measured with a spectrophotometer (at 560 nm). Cat-
alase (CAT) activity (Unit/mg tissue protein) was determined as de-
scribed by Aebi [24]. In brief, 100 ul of tissue supernatant was in-
cubated for 1min with 1ml reaction mixture. The reaction was

Table 4
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terminated by adding 0.5 ml of ammonium molybdate solution. Then,
the absorbance was measured at 405nm. Glutathione s-transferase
(GST) activity (Unit/mg tissue protein) was determined According to
Keen et al. [25]. In brief, 100 pl of tissue supernatant were incubated
with 1 ml of the reaction mixture for 5min at 25°C. Finally, the ab-
sorbance was measured at 340 nm.

2.8. Digestive enzyme analysis

Pyloric caeca tissues were homogenized in 1:3 (w/v) cold 50 mM
tris-HCl buffer, pH = 7.5. The supernatant was obtained centrifuging
homogenates at 10000 g for 20 min at 4 °C and kept frozen at —80 °C
until analysis. Alkaline protease activity was determined as described
by Garcia-Carreno and Haard [26] using Azocasein 2% in Tris-HCI,
pH = 7.5 as substrate. The lipase specific activity was determined as
described by lijima et al. [27] using nitrophenyl myristate as substrate.
a-Amylase activity was determined according to Bernfeld [28] using
starch as substrate. The activity of all enzymes was expressed as specific
activity being micromole of substrate hydrolyzed per minute per mil-
ligram protein (U/mg).

2.9. Intestinal histomorphometry

For this purpose, middle intestine tissue samples were saline (0.6%)
washed and fixed in 10% buffered formalin for 24 h. After dehydration
in graded ethanol concentrations (50-99.9%), the samples were cleared
in xylene and embedded in paraffin wax. Histological sections were
stained with haematoxylin and eosin (H & E) and documented photo-
graphically with a digital camera. Finally, the images were analyzed
using LC software for villus height and muscular layer thickness mea-
sures [29].

2.10. Data analysis

Standard normality test of Kolmogorov-Smirnov was applied to
determine normality of dataset. After ensuring homogeneity of var-
iances using Levene's test, one-way analysis of variance (ANOVA) and
Tukey's HSD test were used to identify significant differences. All sta-
tistical analyses were performed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp, Armonk, NY, USA) at the significance level of
p < 0.05. Results were reported as Mean *+ SE.

3. Results
3.1. Growth performance

At the end of the experiment, final weight was significantly higher
in those fish fed diet supplemented with 9% SBL in comparison to other
experimental groups (P < 0.05). The highest FCR was observed in fish
fed on 12% SBL, which was significantly higher (P < 0.05) than the
fish fed on other experimental diets. Similarly, SGR and WG of fish fed

Growth performance of pre-spawning Caspian brown trout fed diets containing varying levels of soybean lecithin (n = 3).

Lecithin (%) in diets

0 3 6 9 12
Performance

w; 331.7 + 11.7% 327.7 *+ 11.17 348.7 + 14.5% 3417 + 13° 320 + 5.77°
Wi 616.7 + 20.5° 713.3 * 17.6* 756.7 + 13° 766.7 + 28.5% 453.3 * 16.9°
SGR 0.579 + 0.03° 0.727 + 0.02%® 0.725 + 0.02%® 0.766 + 0.02° 0.324 + 0.05°
FCR 1.79 + 0.09° 1.44 * 0.04° 1.44 + 0.04° 1.39 * 0.03" 3.3 * 0.5°
WG 86.18 + 6.41° 117.98 + 6.04* 117.45 + 5.25° 124.54 + 5.6 41.94 * 7.68°

Data are presented as mean * SE. Means in each row with different superscripts show significant difference (P < 0.05).
Wi (g), initial body weight; W (g), final weight; SGR (%), specific growth rate; FCR, feed conversion ratio; WG (%), weight gain.
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Hematological parameters of Caspian brown trout fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).

Lecithin (%) in diets

0 3
Parameters
WBC 6533.3 + 665.8% 9800 + 916.5"
RBC 1733333 + 76376 1640000 * 87177
HB 13.1 = 0.51 12.6 = 0.64
HCT 57 = 2 54.33 + 3.21
MCV 328.66 = 3.8 331 = 2
MCH 75.33 = 0.57 75.33 = 0.58
MCHC 229 = 0.2 23.1 = 0.17
NEUT 12.66 = 1.15 15.66 = 0.57
LYM 81.33 = 1.15 78.66 = 1.52
MO 5.66 = 0.57 4.66 = 0.57

9233.3 + 1537.3°

8966.6 + 802.08% 7966.6 + 723.4°°

153666 + 40414 168333 * 68.68.5 1596666 + 196044
11.7 £ 0.25 12.87 = 0.47 12.36 = 1.15
50.66 + 1.52 55.33 + 1.52 53 5

329.33 + 3.51 328.33 + 4.61 332.67 + 10.69
76 =1 76.33 = 0.57 78.33 = 2.08
23.16 = 0.3 23.26 = 0.2 23.33 + 0.05

13 + 2.64 11.66 = 1.52 12.33 = 0.57
82.66 + 4.16 84.33 = 1.52 82.33 = 1.15

4 £ 1.73 3.66 = 0.57 4.66 = 0.57

Data are presented as mean * SE. Means in each row with different superscripts show significant difference (P < 0.05).
WBC (cell/mL), white blood cell; RBC (cell/mL), red blood cell; Hb (g/dL), hemoglobin; Ht (%), hematocrit; MCV (fL), Mean corpuscular volume; MCH (pg), mean
corpuscular Hb; MCHC (g/dL), MCH concentration; NEUT (%), neutrophils; LYM (%), lymphocytes; MO (%) monocytes.

diet containing 9% SBL were significantly higher (P < 0.05) than other
experimental groups (Table 4).

3.2. Hematological and lipid biochemical analysis

At the end of the experiment, the WBC count was significantly
higher in fish fed 3%-9% SBL compared to control group received basal
diet without SBL supplementation. No significant differences
(P > 0.05) were observed in other hematological indices among ex-
perimental groups (Table 5). Except for HDL and CHO, there were also
no significant differences (P > 0.05) in VLDL, LDL and TG values
among various experimental groups (Table 6).

3.3. Immunological analysis

Serum lysozyme activity of fish fed 12% SBL supplemented diet
significantly differed from that of fish fed 3% SBL supplemented diet
(P < 0.05). The ACH50 of serum was significantly (P < 0.05) higher
in those fish fed 9% and 12% SBL supplemented diet compared to those
fish received basal diet supplemented only with 12% soybean oil and
the basal diet supplemented with 3% SBL. Serum IgM content was
slightly higher in fish fed 6% and 9% SBL supplemented diet in com-
parison to other experimental groups (Table 7).

3.4. Antioxidant enzymes

The lowest CAT activity was observed in fish fed 9% SBL which
significantly differed from control group received basal diet only sup-
plemented with soybean oil (P < 0.05). GST activity of those fish fed
control diet and also those fish received 9% SBL supplemented diet
were significantly different in comparison to other experimental groups
(P < 0.05). No significant difference (P > 0.05) were observed in

Table 6

SOD activity among various experimental groups (Table 8).

3.5. Digestive enzymes

Alkaline protease and lipase activities increased in concomitant
with increasing dietary SBL supplementation level. For amylase, there
was a significant difference (P < 0.05) between those fish fed control
diet and those received 12% SBL supplemented diet, however, no sig-
nificant differences (P > 0.05) were observed among fish fed on other
experimental diets in this regard (Table 9).

3.6. Intestinal histomorphometry

There were significant differences among those fish received control
diet and other experimental groups regarding epithelia thickness
(P < 0.05). Statistically no significant changes (P > 0.05) were ob-
served among various experimental groups in terms of villus height,
villus diameter, inner muscle and outer muscle (Table 10).

4. Discussion

In the present study, the increase in dietary SBL levels up to 9% led
to a significant increase in Caspian brown trout final weight and SGR.
Similar results were found in rainbow trout (Oncorhynchus mykiss) and
Atlantic salmon, where the authors observe difference in growth be-
tween the fish fed on diet containing SBL and the fish fed on other PLs
sources [30,31]. In another study by De Santis et al. [32] improved
performance along with reducing intestinal tissue steatosis in Atlantic
salmon fed on dietary SBL were observed. It has been hypothesized that
intact PLs were required for lipoproteins formation, such as chylomi-
crons, involved in packing and transport of dietary lipid [33]. Thus,
beneficial PLs effects could be related to an increased transport and

Lipid biochemical parameters (mg/dL) of Caspian brown trout spawning fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).

Lecithin (%) in diets

0 3 6 9 12
Parameters

VLDL 42,66 * 6.42 46 + 9.84 36 + 2.64 46.66 * 4.16 46.33 = 1.52
LDL 118 * 2253 74 + 10.14 85 + 13 118.66 * 27.06 116 + 20.51
HDL 186.66 * 5.68° 183.33 * 2,517 194 + 7.54% 219.66 *+ 13.79° 218.66 + 11.93"
TG 214.67 + 32.71 230.33 + 49.36 179.33 = 10.21 232.66 + 22.67 229 + 7

CHO 394.66 + 20.2° 318 + 26° 349.66 + 43.4% 408.7 + 17.15° 411 + 16.52°

+

Data are presented as mean

SE. Means in each row with different superscripts show significant difference (P < 0.05).

VLDL, very-low-density lipoprotein; LDL, low density lipoprotein; HDL, high density lipoprotein; TG, triglyceride; CHO, cholesterol.
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Table 7
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Innate immune parameters of Caspian brown trout fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).

Lecithin (%) in diets

0 3 6 9 12
Parameters
LYZ 51 + 5.29°° 46.33 + 10.117 74 + 15.71% 67.66 + 8.08% 79.66 + 15.14°
IgM 29 + 0.7° 23.23 + 1.55% 31.83 * 4.66" 31.36 + 2.51° 29 + 1.15%
ACH50 133.6 = 9.6* 135.3 = 7.63* 158 + 15.13% 169.7 + 12.01° 168.3 + 9.45"
Data are presented as mean * SE. Means in each row with different superscripts show significant difference (P < 0.05).
LYZ (ug/mL), lysozyme; IgM (mg/mL), total immunoglobulin; ACH50 (U/mL), alternative complement activity.
Table 8
Antioxidant status of Caspian brown trout fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).
Lecithin (%) in diets
0 3 6 9 12
Parameters
SOD 129.66 = 12.5 138 + 16.37 134.66 = 11.06 114 + 9.53 136.66 + 3.78
CAT 32.33 = 11.01° 27.66 + 9.86% 25.33 + 3.51%° 16.66 + 1.52° 20 + 1%
GST 13.86 + 0.4* 17.16 + 0.76° 16.73 = 1.01¢ 14.73 + 0.86™" 16.16 * 0.35"

+

Data are presented as mean

SE. Means in each row with different superscripts show significant difference (P < 0.05).

SOD (unit/mg tissue protein), superoxide dismutase; CAT (unit/mg tissue protein), catalase; GST (unit/mg tissue protein), glutathione s-transferase activity.

lipid mobilization from intestine through circulation to other tissues or
organs. Such phenomena result in enhanced lipid deposition and in-
creased energy availability for growth [33,34]. Furthermore, lecithin
has an interactive role in the intestinal absorption of cholesterol, which
helps improve the growth and survival of animal [35]. In addition,
dietary SBL reportedly improves growth performance of various life
stages of finfish species [1]. For instance, increased growth perfor-
mance has been reported in Atlantic salmon fry fed a diet containing
4% or 6% SBL/oil mixture [36], in rainbow trout fed a diet containing
4% SBL/oil mixture [37] and also in common carp fed a diet containing
1-5% SBL [11]. These studies suggested that an improved growth by
dietary PLs might be as a result of increased feed intake and better
efficiency in feed utilization. However, in the present study all experi-
mental groups received a fixed ration and such inference might not be
reasonable. Meanwhile, according to digestive enzymes activity and
feed conversion ratio of various experimental groups, improved feed
digestion and utilization might make sense. In addition, providing
various PLs via hydrolyzing SBL constituents in digestive tract of fish
may provide the animal with required PLs and thereby sparing energy
indispensable for de novo synthesis of PLs for somatic growth [14]. It
should also be added that energy and essential fatty acids with PLs
origin are better assimilated in comparison to triacylglycerols [35].
Blood parametric tests (hematology and immunology) have been
adopted in aquaculture as important markers of fish health status.
Previous studies revealed dietary SBL inclusion helps to improve fish
immune response [38]. Our results indicated that inclusion of SBL
improved immunity of fish via changes made in WBC, IgM, ACH50 and
lysozyme activity. Similar results were reported for common carp [11]
and stellate sturgeon, Acipenser stellatus [39] fed diets containing SBL.

Table 9

In contrast, the innate immune parameters of channel catfish were not
altered by dietary inclusion of SBL [10]. Moreover, up and down-reg-
ulation of inflammatory cytokines may affect innate immune respon-
siveness of animals [40]. For instance, improved immune response of
fish fed on different PL levels might be attributable to down-regulation
and/or up-regulation of inflammatory and anti-inflammatory cytokines
such TNF-a and TGF-f1, respectively [41,42]. Since there were no
differences in dietary fatty acid profiles of various experimental feeds in
the present study, it might be reasonable to postulate that differences in
immune indices of fish amongst various experimental groups might be
associated with lipid class (i.e., dietary PL content) but not with dietary
fatty acid composition. In addition, better availability of essential fatty
acids from PLs in comparison to neutral lipids (i.e., triacylglycerols)
[35] might result in modified cell membrane fatty acid profile of the
experimental fish, which has been reportedly shown that it would im-
prove fish immune performance via stimulating eicosanoids production
[39]. However clarification of such speculations requires further re-
search at least in Caspian brown trout.

In the present study, with the exception of HDL and CHO, there
were no differences in lipid biochemistry of bloodstream. Our results
are in agreement with results reported by Sink and Lochmann [10] on
channel catfish. This might be resulted from fasting fish prior to blood
collection, a common procedure in fish nutrition studies for sampling,
as lipid absorption and transport from the digestive system were in-
terrupted [10]. CHO, the predominant sterol in animals [43], is trans-
ported via HDL [44] and LDL [45]. The latter molecules play a pivotal
role in TG clearance and CHO removal from animal tissues [44]. Ac-
cording to Niu et al. [46], plasma CHO was elevated and plasma tri-
glycerides were decreased in non-fasted cobia, Rachycentron canadum,

Digestive enzyme activities (U/mg protein) of Caspian brown trout fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).

Lecithin (%) in diets

0 3 6 9 12
Parameters
Protease 24.8 + 0.36" 35.13 + 3.5% 43.33 + 5.9 48.46 + 2.32¢ 52.83 + 2.96°
Amylase 71.33 = 6.57 116 + 26.5% 136.33 + 55.01%° 135.66 + 11.33% 151.33 + 6.5"
Lipase 181.66 + 11.37% 248 + 33.88%° 318 + 28.84" 347.66 + 18.82¢ 386.66 *+ 45.09¢

Data are presented as mean * SE. Means in each row with different superscripts show significant difference (P < 0.05).
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Table 10
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Intestinal histomorphometry (um) of Caspian brown trout fed diets containing varying levels of soy lecithin in the pre-spawning stage (n = 6).

Lecithin (%) in diets

0 3 6 9 12
Parameters
Villus height 2594. + 582 2917 + 199.1 2840 + 360.1 2830 + 471.01 2488 + 338.2
Villus diameter 138.5 = 52.5 132.5 + 64.5 169.70 + 83.1 131.52 + 93 97.58 + 69.1
Epithelium 1128.6 + 106.4¢ 936 + 189.9" 526.68 + 331.36" 919.6 + 144.79° 916.6 + 1761°
Inner muscle 2675 *+ 405.4 2257 + 5425 2658 + 319.2 1421 + 285.2 1772 + 202.7
Outer muscle 2023 + 810.8 2140 + 848.7 2610 = 725.3 1605 = 100.3 1872 + 438.2

Data are presented as mean * SE. Means in each row with different superscripts show significant difference (P < 0.05).

fed diets supplemented with up to 8% PL. In another research, Taggart
et al. [47] demonstrated that genes of hepatic CHO biosynthesis
pathway were up-regulated in Atlantic salmon fed a vegetable oil blend
compared to fish fed a diet containing fish oil. Possibly serum CHO
might be increased in those fish fed SBL-supplemented diets due to
higher hepatic synthesis of CHO [39] or improved dietary lipids
transport including CHO by dietary SBL supplementation [14,35].

An imbalance between the production of reactive oxygen species
(ROS) and the antioxidant enzymes (e.g. SOD, catalase, and GST) of an
organism causes oxidative stress, leading to tissue damage [48]. SOD
catalysis dismutation of superoxide radicals to hydrogen peroxide and
oxygen, while catalase catalysis breakdown of hydrogen peroxide to
water and molecular oxygen and GST decomposes peroxides [49]. Their
activities are commonly used as indicators to evaluate antioxidant de-
fense system of fish [50]. Some antioxidants contributing to fish anti-
oxidant capacity may originate from feed; especially those cannot be
synthesized by animals de novo [51]. In the present study, the anti-
oxidant enzymes activity (CAT and GST) were affected by dietary SBL
supplementation. Our results were in good accordance with Adel et al.
[11] reported that dietary SBL supplementation significantly increased
CAT, GST and SOD activities of common carp and Cai et al. [52] found
that antioxidant activities were significantly increased following
dietary inclusion of PLs in large yellow croaker (Larimichthys crocea).
The plausible mechanisms involved are not understood yet. However,
higher dietary PLs contents may result in lipid peroxidation and provide
an explanation for the higher activities of such antioxidant enzymes
[53]. In addition, the antioxidant capacity improving effect of dietary
SBL might result in increased cellular competence against oxidative
stress with subsequent decreased lipid peroxidation and therefore
higher cellular viability.

Digestive enzymes are responsible for nutrient digestion and avail-
ability [54] so that evaluation of such enzymes activity might provide
reliable information about precocious fish nutritional status and per-
formance evaluation [55]. Digestive enzyme activities following
feeding on diets containing PL during different life stages of fish species
have been reported [56-58]. Lipase plays an important role in breaking
down dietary fats, especially triacylglycerols [52]. In the present study,
the specific activities of lipase in SBL supplemented groups were sig-
nificantly higher compared to the control fish, which might contribute
to better lipid digestion and absorption. In agreement with the present
study, the lipase activity in Caspian brown trout alevins was influenced
by diet containing phosphatidylcholine (PtCho) [9]. Amylase obviously
involves in dietary carbohydrates disintegration and its activity de-
pends on the nature of the diet in fish species [59]. In the present study,
the amylase activity also showed an increasing trend in fish fed on diet
containing SBL in comparison to the control. Similar to our results, Adel
et al. [11] found higher amylase activity in common carp fed different
dietary SBL levels. Protein digestion occurs mainly by the action of
alkaline proteases such as trypsin and chymotrypsin in combination
with intestinal cytosolic peptidases [60]. In the present study, protease
activity was elevated with increasing dietary SBL levels. Similar find-
ings were also reported in tilapia, Oreochromis niloticus [61] and
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pejerrey, Odontesthes bonariensis [62] fed on diets containing soybean
meal (SBM) and oil, respectively. In addition, increased activity of these
three enzymes during pre-spawning stage of salmon confirmed their
important digestive role in relation to diet supplementations. Mean-
while, to draw a thorough conclusion regarding the effect of dietary SBL
supplementation on fish reproductive competence further research is
required since there is paucity of information regarding the effect of
dietary lecithin supplementation on fish digestive enzyme synthesis/
secretion therefore activity in literature [56].

Histological observations along with other physiological parameters
are valuable tools to provide further insights on tissue alterations
caused by various dietary supplements [63-65]. In the present study,
we investigated the intestinal histomorphometry of fish fed on diet with
various SBL supplementation level. Based on the results, epithelial
thickness of fish fed on diet containing SBL significantly differed from
that of those fish fed basal diet containing soybean oil instead of SBL
supplement. The intestinal morphology such as villus height or epi-
thelial thickness is indicative of the gut health in animals including fish
[66]. Intestinal epithelium is an important environment-organism in-
terface with various physiological functions include nutrient transport,
osmoregulation and protection from environmental stressors, such as
toxicants [67]. An important function of intestinal epithelial layer is the
expression of Na* /K" -ATPase (NKA), which plays a key role for several
physiological processes including nutrient uptake [68,69]. In a study
Iwashita et al. [29] found that soybean lecithin has similar effects on
normalizing the hepatic and intestinal morphologies and effectively
prevents morphological abnormalities in the distal intestine of rainbow
trout. Furthermore, Yamamoto et al. [70] reported that supplementa-
tion of crude SBL to SBM-based diets prevents morphological abnorm-
alities in rainbow trout. In another study, dietary protein and lipid
sources did not affect intestinal morphology of meagre, Argyrosomus
regius [55]. In addition, the histomorphological changes in the intestine
of pre-spawning salmon reported in the present study can be provide
new information regarding the potential for using the diets containing
vegetable oil as alternative for broodstocks management in this en-
dangered species. Meanwhile the possibly and also the extent of such
dietary changes especially on reproductive competence of the species
pends clarification in future studies.

5. Conclusion

The present study revealed that the growth performance of pre-
spawning Caspian brown trout could be positively affected by dietary
SBL supplementation. Furthermore, dietary SBL also affected serum
immune indices, digestive enzymes activity and hepatic antioxidative
status of Caspian brown trout. However, we did not see significant
changes in intestinal histomorphometry (except for epithelium) among
various treatments. In conclusion, higher (6-9%) inclusion levels of
SBL, depending on the parameter of interest, showed promising results.
Therefore, it is conceivable that dietary SBL inclusion would improve
the physiological competence of the pre-spawning breeders.
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