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ABSTRACT

A feeding trial was conducted to evaluate response of European seabass (ESB,
Dicentrarchus labrax) fry to graded levels of the dietary organic salt, sodium
butyrate (SB). ESB with 0.45 g were fed four experimental diets contained: 0, 0.1,
0.2 and 0.3% SB and assigned as: control (CTRL), SB1, SB2 and SB3 respectively
for 12-weeks. Results showed a significant (P<0.05) elevation of all measured
growth criteria induced by SB2 and SB3 diets intake relative to CTRL diet (SB-
free). Both 0.2% and 0.3% dietary SB supplementation had led to appreciable
increase in protein concomitant with decrease in lipid contents of fish, as well as
enhancement of fish hematological profile. All measured immunological
parameters in fish serum have remarkably increased: immunoglobulin (+198%),
respiratory burst activity (+78.2%), phagocytosis (+42.3%), myeloperoxidase
(+42.2%), lysozyme (+10.6%) and bactericidal (42.8%) activities with the oral-
ingestion of SB, particularly at 0.2% then 0.3% level in comparison to CTRL.
Besides, SB can maintain a healthy balance of bacterial load in the gut through
boosting beneficial bacteria and inhibiting pathogens within the distal intestine,
thereby modulate and stimulate immunity response of fish. Records of intestinal
sections-measurement emphasized the positive effects of SB2 diet on the intestinal
lumen causing activation in the development of muscle layers-thickness, goblet
cells count and villi length and width of fish. These results evidenced the
advantageous effect of SB on gut-health functionality, leading to higher capacity of
disease resistance and growth rate for ESB fry. In conclusion, our findings indicate
that inclusion of 2g micro-encapsulated SB/Kg diet could provide a safer potent
alternative to antibiotic use, to benefit health status, reinforce immunity response,
modulate the distal-intestine microbiota and increase cell-proliferation in the
intestinal crypts of ESB fry.

INTRODUCTION

Recently, the use of dietary organic acids in the culture of aquatic animals has
been the focus of much research and commercial interest. Organic acids and/or their
respective salts are categorized as ‘Generally Regarded as Safe’ and their application
in aquafeeds and their impact on fish growth, nutrient utilization and disease
resistance have recently been recognized (Ng and Koh, 2016; Hoseinifar et al., 2017).
Many of these acidifiers have shown to benefit certain fish species (derived from
their antimicrobial effects) causing development of the intestinal epithelium and act
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as anti-inflammatory or digestibility improver (Lickstadt, 2008). In the diet, they
inhibit microbial growth and diminish a possible ingestion of pathogenic organisms
(Luckstadt, 2008). In the intestinal tract, they may modify the microbiota, inhibit the
growth of pathogenic bacteria (Defoirdt et al., 2006; De Schryver et al., 2010) and
enhance nutrients absorption of the host due to the proliferation of mucosal
epithelium (Baruah et al., 2008).

Sodium butyrate (SB) is one of the most commonly used organic salts in animal
feeds, because it is solid, stable and much less odorous (Ng and Koh, 2016). SB is
believed to be an important energy source for intestinal epithelial cells, induce the
differentiation of epithelial cells, increase the proliferation index in fish intestinal
crypts and inhibits mucosal apoptosis (Hamer et al., 2008). Previous researches on
using acidifiers in ESB feeds are very limited (Bagni et al., 2005; De Schryver et al.,
2010; Rimoldi et al., 2016; Wassef et al., 2017). Dietary sodium butyrate has been
shown to have multi nutritional functions and immune responses of fish, including
ESB. De Schryver et al., (2010) reported that diets with 2% and 5% polybeta-
hydroxy butyrate (PHB) induced the highest weight gain and survival rate of ESB.
Rimoldi et al., (2016) emphasized that 2% butyrate exert a mitigating effect on the
inflamed distal intestine of ESB fed with a high percentage of dietary soybean meal.

Furthermore, organic acids or short chain fatty acids (SCFA) have shown many
promotion effects on gut health by enhancing cell growth and proliferation and
intestinal barrier function, while reducing inflammation and oxidative stress (Hamer
et al., 2008; Hoseinifar et al., 2017). The encapsulated form of butyrate is more
effective as the release of the active ingredient is programmed to be further down in
the intestinal tract. Accordingly, the incorporation of this novel ingredient requires
more research to detect its impact on the intestinal physiology of ESB fry as it is
known that the microbial composition within the digesta is influenced by the dietary
composition (Gajardo et al., 2017). The present study was aimed to determine the
supplementation effects of graded levels of sodium butyrate on growth performance,
nutrients utilization, haemato-immunological parameters, intestinal microbiota and
histomorphology of ESB fry. Accordingly, the capability of SB to act as a growth
promoter, general health enhancer, stimulator for a developing immune system and
modulator for boosting gut health function was emphasized.

MATERIALS AND METHODS

Experimental Conditions and Fish

ESB fry are obtained from the Marine Fish Hatchery of National Institute of
Oceanography and Fisheries (NIOF), Alexandria, Egypt. Fish were acclimatized to
the experimental conditions in Fish Nutrition Lab for two weeks and fed on the
control diet (CTRL) before initiation of the feeding trial. Thereafter, 12 homogenous
groups, of 300 fish each, of an average initial weight (IBW) 0.45 g, were randomly
distributed within 0.5 m?® fiberglass tanks filled with filtered, UV-treated fresh
seawater in triplicates for each treatment. A continuous water flow and aeration was
maintained at a rate of approximately 120 L/h and 8 L/min respectively. Water
quality parameters were periodically monitored throughout the whole experimental
period to ensure that experimental fish are in accordance with the National Institutes
of Health guide for the care and use of Laboratory animals. Average values were:
temperature, 22+1°C; dissolved oxygen (DO), 6-8 mg/L; saturation, 90%-100% (YSI
Professional Series Instrument, USA);salinity, 35-36 g/L (Portable Refract Meter
Operating Instructions, model GG-201/211); pH, 7.0£0.5 (pH/temperature Branch
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meter, Italy); nitrites N, 0.54+0.03 mg/l; ammonia NH3=0.73+0.05 mg/l; and nitrates
NH4=0.77£0.04 mg/l (YSI ECO Sense® 9300 Photometer, England). The trial was
conducted under a natural photoperiod regime of 14L: 10D.
Feeding

Four isoproteic (~ 52.0% CP) and isolipidic (~16% L) diets were produced in
Fish Nutrition laboratory, NIOF, Alexandria, to convene the nutritional requirements
of ESB fry (NRC, 2011). Ingredient composition of all diets was the same and
microencapsulated SB was added at levels of: 0 (CTRL diet), 0.1% (SB1 diet), 0.2%
(SB2 diet) and 0.3% (SB3 diet) (Table 1). The tested dosages are suggested for
evaluation based on previous studies on organic salts with the same species of
different sizes (Rimoldi et al., 2016; Wassef et al., 2017). For diet preparation, hard
ingredients were finely ground and thoroughly mixed before being incorporated into
the compounded feed. The vitamins and minerals mixture and sodium butyrate
(AGROCEL®Agranco Corp., USA) were firstly dissolved within the oil portion then
added to the other ingredients mix, drop by drop while mixing.

Tablel: Formulation and proximate analyses of the experimental diets (% DM) as fed to
European seabass (Dicentrarchus labrax) fry.

. Diets (g/K

Ingredients CTRL SB1 ¢ g)ssz B3
Fish Meal (70% CP)* 600 600 600 600
Soybean meal (solvent extracted, 42% CP)? 165 165 165 165
Wheat flour (WF)® 110 109 108 107
Fish oil* 75 75 75 75
Vitamins and Minerals premix ° 50 50 50 50
Sodium Butyrate (SB) - 1 2 3
Proximate analyses (% DM)
Crude protein (CP) 51.28 51.99 51.29 51.74
Lipids (L) 15.59 15.61 15.56 15.70
Ash 12.56 14.11 12.87 12.85
Crude fiber 0.69 0.68 0.75 0.67
Nitrogen free extract (NFE) 19.9 17.61 19.53 19.04
Gross energy (GE) (kJ /Kg) 51.82 51.29 51.67 51.85
Protein : GE ratio (mg CP: KJ) 98.96 101.36 99.26 99.79

1, 999 LT, Denmark

2, 3, Local products

4, Sardine oil, INDIA.

5, Local Co: AGRE-VET, (NRC, 2011)
6, Calculated by difference

Then appropriate amount of warm water was added, while mixing, until dough
was formed. The diets were extruded by using a fine die of a meat mincer, produced
as crumbles (0.2 mm diameter) and stored at temperature 4°C until use. Fish were
hand fed the experimental diets 4 times per day (8.00- 11.00- 14.00-17.00), 7 days a
week to apparent visual satiation.

Samples collection

After 12-weeks of feeding the experimental diets, blood samples were taken
from the caudal vein of lightly anesthetized fish (50 mg clove oil /L) using sterile
insulin syringes. Blood specimens were collected, from six fish per treatment, by
using syringes either with or without heparin (IU ml/1, Amoun Pharmaceutical Co.
S.A.E., Egypt), to conduct the immune assays and the enzyme activity with sera.
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For microbiota examination, fish were dissected out and distal intestine (DI)
was carefully aseptically removed and homogenized in sterile 3% sodium chloride
(NaCl) solution. One ml from each diluted samples was applied for different media
groups in separate Petri-dish plates. Sea-water agar was used for total count (TC) of
viable bacteria (Zobell, 1946), thiosulfate citrate bile salt sucrose agar (TCBS) for
Vibrio spp. (Kobayashi et al., 1963) and mFC agar medium for isolation of E.coli
(1S09308/1, 1990) (three replicates each). All plates were incubated at 30°C for 24-
48h for enumeration, except for mFC medium, which incubated at 44°C for 24 h. For
the cultivation of acid fermentative bacteria, one hundred microliters of the diluted
sample was inoculated in triplicate De Man, Rogosa and Sharpe (MRS) media plates
and incubated at 37°C for 48 h under anaerobic conditions (candle jar) (Amiza et al.,
2006).

Intestinal histology

At termination of the growth trial, 3 fish from each tank were collected,
dissected out and their intestine was carefully separated. Intestine samples were
preserved in 4% phosphate buffered formalin (pH 7.4), dehydrated in graded levels of
ethanol and embedded in paraffin wax according to the standard histological
techniques. Fish intestine was visually divided into three portions: proximal intestine
(PI), middle intestine (MI) and distal intestine (DI), based on the portion directly after
stomach, that before anus and in between. Transverse sections were cut at a thickness
of 5 pum with a microtome (MicrotomoShandom Hypercut) and stained with
Haematoxylin and Eosin (H&E) before examination. A total of 108 sections, from all
intestinal portions, were prepared for histomorphological examination of the intestine
by using a light microscope (Nikon Phase Contrast Dry, 0.90, Japan).

Growth and feed utilization parameters

At start of experiment, fish of each tank were collectively weighed and counted
before monitoring growth and survival of each dietary treatment. Ten fish from each
tank (30 per treatment) were randomly sampled at start and end of the trial and
homogenized into a composite sample for initial and final biochemical body
composition analyses. At the end of the experiment, all fish were collected from each
tank, lightly anesthetized, by clove oil (20 mg/L) for 3 min, and final weight of each
tank was recorded.

Analytical Procedures

Proximate analyses of feed ingredients, diets and fish are determined according
to the standard methodology of AOAC (2005). Dry matter content is determined by
oven drying at 105C, crude protein (total N x 6.25) by using a semi-automatic
Kjeldahl (VELP Scientifica, UDK 126) after acid digestion, and crude lipid
gravimetrically after extraction by a chloroform/methanol (2:1 v/v) mixture. Ash
content is measured by burning the oven—dried samples in a muffle furnace at 550°C
for 6 hrs. The crude fiber is analyzed by the acid hydrolysis method, whereas the
nitrogen—free extract (NFE) is calculated by difference. Gross energy content is
calculated based on 23.6, 39.5 and 17.2 KJ/ g for protein, lipid, and carbohydrates
respectively.

Haematological parameters

The total red and white blood cell counts (RBC; 10% mm?® and WBC; 10°/mm?,
respectively) were obtained by using a standard Neubauer hemocytometer chamber
using Shaw's solution as the diluting fluid. The hematocrit (Ht, %) was determined by
centrifugation (8400 g, 10 min) samples in a Micro-hematocrit centrifuge (Krebs,
Bunsen, UE), then values were recorded by a centrifuge combo-reader. Hemoglobin
(Hb, o/ dl) was determined colorimetrically by using commercial kits (Diamond,
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Egypt) according to the cyan-methemoglobin procedure (Van-Kampen and Zijlstra,
1961). All samples are analyzed in triplicates. Blood parameters: mean cell volume
(MCV; fl), mean cell hemoglobin (MCH, pg) and mean cell hemoglobin
concentration (MCHC) were calculated according to Dacie and Lewis (2006).
Moreover, differential leucocyte count was made by analyzing Giemsa-stained
smears by light microscopy (Optika, Via Rigla, Ponteranica, Italy).
Immunity assays

Respiratory burst activity of leucocytes was determined from the reduction of
nitroblue-tetrazolium (NBT) to formazan as a measure of superoxide anion
production (Secombes, 1990). Briefly, 200 ml of blood was mixed with 100 ml of
NBT (0.2% in PBS, Sigma USA) and superoxide dismutase (SOD, Sigma, 300 U/
ml). After incubation at room temperature for 60 min with regular mixing, the plates
were centrifuged (500 g, 3 min) and the supernatants were discarded. Cells were
washed twice with HBSS (Hanks balanced salt solution without Ca, or Mg,, Sigma,
USA) and fixed with 70% methanol. Formazan crystals were dissolved by adding a
120 ml of 2 M KOH and 140 ml dimethyl sulfoxide (DMSO). After the formation of
the turquoise-blue colored solutions, absorbance values were read at 620 nm using
KOH/DMSO (120 ml of 2 M KOH/140 ml DMSO) as blank. Phagocytosis activity is
estimated by Kawahara et al., (1991) method. Serum lysozyme activity is measured
spectrophotometrically (Stat Lab, Germany) using the turbidometric assay (Ellis,
1990) with some modifications. Briefly, 25 ml aliquots of serum were added to 1 ml
suspension of Micrococcus lysodeikticus (0.2 mg/ ml in a 0.05 M sodium phosphate
buffer pH 6.2), and the absorbance was measured at 670 nm after 30 s and 180 s by
spectrophotometer (PD-303 UV, APEL, Japan).The total myeloperoxidase (MPO)
content present in serum was measured according to Sahoo et al., (2005). Briefly,
aliquots of 20 ml of serum were diluted with HBSS in 96-well plates. Then, 35 ml of
20 mM3, 30e5,50-tetramethyl benzedine hydrochloride (Sigma, USA) and 5 mM
H.O, were added. The colour change reaction was stopped after 2 min by adding 35
ml of 4 M sulphuric acid. Finally, the optical density (OD) was read at 450 nm. Total
immunoglobulin (Ig, mg/dL) was evaluated according to Siwicki and Anderson
(1993).The protein action can be evaluated by serum bactericidal activity and this is
an important tool to analyze the immune system. All samples are analyzed in
triplicates.
Intestinal measurements

An arrangement of the previously reported criteria (Baeza-Arifio et al., 2016;
Wang et al., 2017) was chosen to measure and assess the intestine histomorphology
characteristics. The following parameters were evaluated: muscular layer (ML),
submusosa layer (SML), lamina propria (LP), villi length (VL) and villi width (VW).
For each parameter six measurements per section were recorded to establish the mean
value. Besides, goblet cells (GC) were approximately quantified by counting their
number in each section to determine their mean number thereafter.
Statistical analysis

Data obtained are presented as meanszstandard error (SE). Data are subjected
to the Shapiro-Wilk test (SAS Institute Inc., Cary, NC), and results showed that all
data are normally distributed (W-0.90). To determine differences among dietary
treatments, mean values (n = 3) are analyzed by using One-way ANOVA followed by
Duncan’s multiple range test at the P < 0.05 significance level.
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RESULTS

Growth and feed utilization

At end of the trial, mean growth and feed utilization indices for the four dietary
groups were compared (Table 2). Growth performance was found to be positively
affected by SB inclusion level. The highest significant (P<0.05) survival (97.5%),
weight gain (6.23 g), daily weight increment (0.07 g/fish/day), protein efficiency ratio
(1.85) and protein protective value (26.46%) were all recorded for SB2-fed fish then
SB3 fish (insignificantly differ) among all treatments. Despite sometimes being
insignificant (P>0.05), an increased trend in the majority of measured indices was
noticed with each increase in SB level, whereas the control diet (SB free) presented
the least performance indices among all dietary groups. Although fish fed the lowest
level of SB (0.1%) recorded an increase, in the absolute values of all tested criteria,
these are mostly comparable to the corresponding’s of CTRL fish. In the meantime,
voluntary feed intake or feed conversion ratio (FCR) of fish remained unaltered by
varying SB dietary levels (P>0.05). However, the best (lowest) FCR among all
treatments was that of SB2 fish (1.33 vs. 1.82 for CTRL fish). Despite of the gradual
increase of both energy gain (EG, KJ/g) and energy retention (ER, %) with each
increase of SB dose, values were insignificantly varied among dietary treatments.
Similarly, energy utilization (EU, %) was elevated in fish fed the SB-diets and was
significantly the highest in SB3-fed fish, followed by SB2-fish as compared to CTRL
fish. Therefore, it is well revealed that the inclusion of SB particularly (at 0.2% or
0.3%) within ESB fry diet has resulted in enhanced growth performance, improved
protein and energy utilization and increased survival in comparison to control diet
(zero SB) or SB 0.1% -added diets.

Table 2: Growth and feed utilization indices (mean + SE) of European seabass (D. labrax) fed
sodium butyrate (SB)-supplemented diets for 12 weeks.

Dietary groups
Parameter CTRL SB1 SB2 SB3 P value

Initial body weight (IBW, g/fish) | 0.47+0.03 0.43+010 0.4620.05 0.45+0.015 | 0.468
Final body weight (FBW, g/fish) 4.65+0.15° | 5.6+0.4% 6.75+ 0.30° | 6.20+0.20° [ 0.025
Weight gain (WG, g /fish) 4175+ 0.18° | 5.17+0.39° | 6.23+0.30*° | 5.75+0.18° 0.025
Daily growth Index (DG, 0.05+0.01° 0.05+0.01® | 0.07#0.01*® | 0.06+0.01% 0.050
g/fish/day)

Specific growth rate (SGR, %/day) | 1.53+ 0.10° | 2.45+0.06® | 2.96+0.06° | 2.93+0.10% 0.135
Survival (%) 94.5+0.50° 96.50+.1° 97.540.50° | 97.50+0.50° | 0.036
Feed Intake(Fl, g/fish) 7.60 0.1 7.8520.17 8.250+0.35 | 8.10+0.40 0.477
Feed conversion ratio (FCR) 1.83+0.1 1.53+0.15 1.330+0.12 1.40+0.23 0.110
Protein efficiency ratio (FER) 1.05 +0.07° | 1.36+0.13® | 1.85+0.05° | 1.57+0.17® | 0.053
Protein productive value (PPV, %) 18.96+1.17° 20.19+1.09° | 26.46+0.5° 24.97+0.9% 0.012
Energy gain (EG, KJ/g) 14.25+0.20 [ 19.98+0.22 | 21.30+0.23 | 24.45+0.30 | 0.114
Energy utilization (%) 8.47+7.86° 8.87+0.31° 9.4+0.60® | 10.18+1.18% | 0.050
Energy retention (ER, %) 8.75+ 0.41 9.87+0.22 11.27£1.27 12.53+1.17 0.148

Means in the same row with different letters are significantly different (P <0 .05).

WG (g) = FBW - IBW; SGR (% /d) = 100 (In FBW - In IBW)/t; DGI (g/fish/d) = 100 [(FBW)"* -
(IBW)”S]/t, where IBW & FBW are initial and final body weights (g/fish) respectively) and “t” is time
of experiment in days; Survival is the number of fish at end over the total number of fish at start; FCR
= dry feed consumed (g)/weight gain (g); PER = 100 (fish weight gain, g)/(protein intake, g); PPV =
100 (protein gain, g)/protein fed (g); Energy gain (EG, KJ) = E¢ E;; EU (%) = 100 x (E¢— E;)/ energy
intake (KJ); ER (%) = 100 (E;— E;)/ energy intake (MJ) i, initial, f, final.
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Body composition of fish

Feeding ESB fry SB-diets for 12 weeks had led to significantly increased protein
contents with the highest value (18.66%) in SB3- followed by SB2-fish (16.48%)
relative to CTRL fish which recorded the lowest protein content (13.12%) among all
treatments (Table 3). Besides, lipid content was significantly the lowest in SB3-fish
(6.5%) then in SB2-fish (8.0%) as compared to CTRL fish (9.24%) which recorded
the highest value among all treatments. However, increasing level of dietary SB did
not influence (P>0.05) neither fish ash nor moisture content.

Table 3: Body composition (mean +SE, % wet weight) of European seabass (D.labrax) fed
sodium butyrate (SB)-supplemented diets for 12 weeks.

Parameter Initial Final
CTRL SB1 SB2 SB3 P value
Moisture 69.03+0.01 | 69.07+1.25 | 68.80+2.01 | 68.48+5.19 | 68.26+0.06 | 0.710
Crude protein | 13.12+0.15 | 14.87+0.14° | 16.63+0.65° | 16.48+0.18" | 18.66+2.99° | 0.001
Lipids 5.82+0.12 | 9.26+0.06°% | 7.75+0.50® | 8.0+1.08° | 6.50+0.14%® | 0.050
Ash 13.12+0.15 | 6.50 + 0.14 | 6.90+0.45 6.81+0.96 6.19+0.18 | 0.841

Means in the same row with different letters are significantly different (P <0 .05)

Hematology

Feeding ESB fry SB incorporated diets had resulted in positive effects in their
major blood constituents compared to CTRL fish (Table 4). Hemoglobin content
(Hb), hematocrit (Ht), red blood corpuscles/erythrocytes count (RBC), erythrocytes
mean cellular hemoglobin concentration (MCHC), white blood cells or leukocytes
count (WBC), and monocytes showed significant (P<0.05) elevation in all SB-fed
fish as compared to CTRL fish. The highest hemoglobin content and erythrocytes
count were attained in SB2-fed fish, whereas the highest mean cellular hemoglobin
(MCH) was recorded for both SB2 and SB3 fish among all dietary treatments.
Hematocrit (Ht) and total leucocytes count were significantly the highest for SB3 fish
group among all treatments, whilst monocytes percentage was higher in SB2 and SB3
dietary groups relative to CTRL group. In the meantime, MCV and lymphocytes
count remained unaltered (P>0.05).

Table 4: Hematological paramters (mean + SE) of European seabass (D. labrax) fed sodium
Butyrate (SB)-supplemented diets for 12 weeks.

Blood parameters Dietary groups
CTRL SB1 SB2 SB3 P value

Hemoglobin (Hb, g/100 ml) 6.93+0.10° 10.63+0.31° | 10.9+0.57° 10.5+0. 32 <.001
Hematocrit (Ht, %) 25.50+0.70° | 28.00+0.57° | 29.21+1.50° | 31.3+0.90° | 0.001
Total erythrocyte count (RBC) 2.13+0.1° 3.60+0.15® | 5.23+0.6° 3.73+0.41F | 0.01
(10%mm®)
Mean cellular volume MCV, mm3) 62.23+2.2 77.13+0.60 81.10+0. 57 76.65+£10 0.15
Mean cellular haemoglobin (MCH, p g) 23.5+0.23" 24.00 £0.54° | 26.80+0.55° 27.6£0.722 0.001
Mean cell haemoglobin 27.50+0.48% | 29.30+0.58° | 32.00 +0.57° | 54.70+0.33% | <.001
concentration (MCHC)
Total leukocyte count (WBC) (x10%/UL) | 20.40+0.65° | 29.00+0.57° | 30.70+0.57% | 31.33+0.90% | 0.001
Lymphocytes (10%/ul) 29.50+0.50 | 36.60+0.66 35.00+0.57 33.50+1.60 | 0.074
Monocytes (10%/ul) 2.33+0.50° | 3.00+0.57® | 4.33+0.33° 3.90+0.41° | 0.059

Means in the same row with different letters are significantly different (P < 0.05)

In addition, the majority of measured immunological parameters (Fig. 1) were

significantly increased as SB supplementation level rose. Respiratory burst activity
was significantly higher in all SB-fed fish as compared to CTRL fish, with the
highest value (+78%) for SB3 fish then for SB2 (+48.5%) fish. Leukocytes
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phagocytosis activity and index were also elevated in all SB-fed fish with an increase
of 42.3% in activity for SB2 fish relative to CTRL fish. Likewise, both lysozyme
activity and total immunoglobulin were elevated in all SB-fed fish as compared to
CTRL fish, to reach the highest values in SB2 fish among all treatments.
Myeloperoxidase was significantly increased in both SB2 and SB3 fish groups
compared to CTRL or SB1 group. Similarly, bactericidal activity was significantly
elevated with each increase in SB dosage, in respective to CTRL fish, to reach its
highest level in SB3 fish. These findings suggest the promotion effect of dietary SB
supplementation on all immunity indicative parameters in ESB blood.

@ Respiratory burst activity @ 7 Lysozome ctivity a
20 - = 4
i a
b 430 .
= < 420
d i
10 - il b
et -
5 i
370 -
ok ' ' ' 360 - T -
CTRL SBL .. SB2 B3 - P - -
@ S achd @ Myeloperoxidase a
Phagocyticindex 4 a 70 - a
60 - -y b e —
50 - b g b
40 - -
30 - sl
20 - 563 -
10 - b a a 2 i 4
o | MEMEEE : ‘ it 4 ‘
CTRL SBL B2 CTRL smm B2 B3
@' Bactericidal activity @ Total immunoglobulin
60 - a o a 7 - a
50 - 6 - .
b o
40 - 5 .
i
ol
3 - c
20 - g
10 - -
0 . _ , I et | ‘ ‘ .
CcTRL SBL et sB2 sB3 CTRL 1 gy B2 i

Fig 1: Serum immunological parameters (a) Respiratory burst activity (mg/ ml), (b) Lysozyme activity
(IU/ml), (c) Phagocytic assay{ Phagocytic activity (PA)+ Phagocytic index (PI)}, (d)
Myeloperoxidase (MPO)(EU/), (e) Bactericidal activity CFU and (f) Total immunoglobulin
(mg/dl) of European seabass (D. labrax) fry fed diet supplemented with different levels of
sodium butyrate (SB) for 12 weeks.

Intestinal microbiota

At end of the feeding trial, results demonstrated significant diet-induced changes
in ESB distal intestine (DI) microbial communities (Table 5). Estimated pathogenic
bacterial count within the DI were significantly reduced (P<0.05) in the SB-fed fish
relative to CTRL fish. The control fish demonstrated the highest significant total
count of bacteria (78 CFU/mlI), Vibrio count (43 CFU/100ml), and fecal coliform
(13.5CFU/100ml) but the lowest acid fermentative bacteria (5 CFU/ml).
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Table 5: Estimated intestinal bacterial load (mean +SE) of European seabass (D. labrax) fed Sodium
butyrate (SB)-supplemented diets for 12 weeks.

Microbial analysis Dietary groups
CTRL SB1 SB2 SB3 P value
Total count (CFU/ml) 78.00£2.00* | 21.00£1.00° | 24.00+2.31° | 30.00+3.76° | 0.0002
Vibrio spp. (CFU/100 ml) 43.00+4.02° Zero 2.00+0.88° zZero 0.001
Fecal coliform (CFU/100 ml) | 13.50+2.33 | 7.00+1.20° 6.00+2.08° zZero 0.046
Acid fermentative bacteria 5.00+2.03° | 12.00+2.03° | 16.00+1.86® | 21.00+1.00* | 0.009
(CFU/mI)

Means in the same row with different letters are significantly different (P < 0.05)

However, an inverse relationship between dietary SB-level and the total count
of pathogenic bacteria: Vibrio spp. and fecal coliform was evidenced. Fish fed the
SB1diet was found to have the lowest total pathogenic bacteria count, followed by
SB2-fed fish then SB3-fed fish as compared to CTRL fish. The lowest Vibrio spp
(zero or negligible) was recorded in all SB-fed fish groups, whilst the lowest fecal
coliform was found in SB3 fish among SB-fed fish. On the other hand, acid
fermentative bacterial count was significantly (P<0.05) increased in parallel with the
increment of SB dose in the diet. These results demonstrated that all tested levels of
SB inclusion had caused a remarkable reduction of pathogenic bacteria as well as
elevation in beneficial bacteria within ESB fry distal intestine, indicating a boosting
effect on gut-health functionality, accordingly immunity response.
Intestine histomorphology

Based on the histological sections, means of ten measurements, from each of
the three portions of ESB intestinal sections, [proximal (P1), mid (MI) and distal (DI)]
are tabulated (Table 6).Variations of the same character are assessed among the three
intestinal portions, particularly obvious in the middle (MI) and distal intestine (DI)

portions.

Table 6: Measurements of some intestinal parameters (mean +SE, n=10) in D. labrax

Intestine Portion Dietary groups
CTRL [ SB1 | SB2 | SB3 P Value
Muscular layer, ML (um)

Proximal (P1) 94.661.90 107.72+0.58 151.117.45 235.775.37 0.06
Mid (MI) 60.57 +7.42° 96.50+1.50° 118.1048.14° 181.68+0.90° 0.02
Distal (DI) 49.15+10.15° 63.746.95° 170.00+2.70° 119.457.55° <.001

SubMucosa Layer, SML (um)

Proximal (P1) 94.08+11.05° 95.80+20.60° 104.97+18.50° 120.92+12.32° 0.05
Mid (MI) 54.7648.50° 68.25+16.85° 73.02 £7.92® 89.07+20.50° 0.06
Distal (DI) 36.72+ 8.62° 42.60+2.30° 43.50+2.95° 50.45+4.65% 0.01

Villi Length, VL (um)

Proximal (PI) 657.56+0.50° 907.25+26.30° 1121.30+54.03° [ 6518.90 +25.10° 0.0
Mid (MI) 102.1246.90° 959.15+0.60° 1691.73+£14.00° | 3099.10+194.90° 0.0
Distal (DI) 151.2549.75" 230.47+47.00° 275.175+52.97° | 336.4039.78° <.00

Villi Width, VW (um)

Proximal (P1) 103.52+49.02 270.85+22.95 292.30+19.40 362.86+96.76 0.67
Mid (MI) 62.47+0.03° 89.60+3.007 96.50+2.50° 138.64+22.00° 0.00
Distal (DI) 35.64+0.36° 43.20+6.00° 54.60+2.00° 68.35+1.407 <.00

Goblet Cells count, GC (number per section)

Proximal (P1) 5.50+1.50° 9.00+4.00° 49.00+14.00° 49.50+8.50° 0.00
Mid (M1) 74.50+ 7.50° 25.50+2.50° 27.50+5.50° 26.00+3.00° 0.00
Distal (DI) 8.00+ 1.00° 28.00 * 2.00° 10.50+2.50° 58.50+4.50° 0.00

Lamina Propria, LP (um)

Proximal (P1) 68.05x 0.05 72.79£0.79 85.5+3.5 102.47+3.7 0.53
Mid (MI) 73.5023.50 16.41%6.70 23.8529.35 48.003.00 0.48
Distal (DI) 90.00%5.00° 30.501.35° 67.75+11.21° 126.5 +1.46° 0.00

Means in the same row with different letters are significantly different (P < 0.05)
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The morphometric measurements showed a significant increase (P<0.05)
muscle layers of fish fed SB diets than in fish fed CTRL diet, for MI and DI.

However, in proximal intestine (P1) only a numerical increasing trend (P>0.05)
in the thickness of muscular layer (ML) was noted with each increase of SB level
(Fig. 2). In addition, the thickness of submucosa layer (SML) showed significant
variations (P<0.05) in both mid and distal intestine (Figs. 4 & 5) for all SB treatments
relative to CTRL, whereas, these variations was limited to SB3 treatment in proximal
intestine (PI). Thus, SB3 fish recorded the highest submucosa thickness records
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Fig. 2: Light micrographs of transverse sections (TS) in proximal intestine (PI) of ESB fed different
levels of sodium butyrate supplemented diets, showing thickness measurements of intestinal
layers: muscular layer (ML) and submucosa layer (SML),(A), Lowest thickness of intestinal
layers in CTRL fish.(B), Slightly larger thickness of intestinal layers in SB1-fed fish than in
CTRL fish.(C), thickness of intestinal layers in SB2-fed fish.(D), Thickness of intestinal layers
in SB3-fed diet.(H&E, X40).

Fig 3:
sodium butyrate. Showing, details of villi structure (A): Fish fed the CTRL diet illustrates few
goblet cells (GC) and abnormal enterocytes (E) appeared with some necrosis (B): GC (stars),
lamina propria (LP) and lots of leucocytes infiltration (head arrows) in fish fed SB1diet (C):
number of GC (stars) in fish fed SB2 diet, intraepithelial leucocytes infiltration (head arrows)
(D):GC throughout normal appearing for enterocytes with normal nucleus position and LP in
SB3-fed fish (H&E, X 100).
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Among all treatments. Moreover, villi appeared highly branched in mid
intestine (MI) (Fig.4). Also, a significant increment in villi length (VL) and width
(VW) were noticed in only SB3-fed fish (Fig. 4d), as compared to CTRL fish in all
intestinal regions. In the meantime, SB1 and SB2 diets have no significant effect on
distal intestine (DI) histomorphology. Additionally, dietary SB has induced an
elevation of the secreting goblet cells (GC) number in the lumen of intestinal crypts.
In the proximal intestine, goblet cells count, remarkably elevated in SB2 and SB3 fish
compared to CTRL fish or SB1 fish. Likewise, in distal intestine goblet cells number
was significantly higher in the way SB1- >SB3-fed fish relative to CTRL fish.
Moreover, the thickness of lamina propria layer (LP) remained unaltered among
dietary groups in both proximal and mid intestine, but significantly increased in distal
intestine in comparison to CTRL fish (Table 5).Finally, inflammatory infiltrates
leukocytes among lamina propria (LP) were decreased by SB intake, at all tested

Fig. 4: Light micrographs of TS in the mid intestine (MI) of ESB, showing variations in villous shape,
(A) CTRL fish (B) SB1 fish (C) SB2 fish (D) SB3 fish. (H & E., X 20).
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Fig. 5: Light micrographs of TS of distal intestine (DI) of ESB fry fed diets with different levels of
sodium butyrate showing (A): the lowest layers-thickness in CTRL fish (B): different
morphology of intestinal layers; muscular layer (ML) and submucosa layer (SML) in SB1fish
(C): details in SB2 fish (D): details in SB3 fish. (H & E., X 40).
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Fig. 6: Light micrographs of TS in distal intestine (DI) of ESB fry fed different levels of sodium
butyrate showing, details of villi structure (A): in CTRL fish, enterocytes (E) degeneration and
leucocytes infiltration (head arrows), (B):in SB1fish few goblet cells (stars) in villi; slightly
degeneration of enterocytes (E) and numbers of leucocytes infiltration from lamina propria
(LP), (C):inSB2 fish, large number of GC (stars); normal enterocytes with basal nucleus (E);
normal LP with the lowest leucocytes infiltration, (D): in SB3 fish, goblet cells and LP. (H &

E., X 100).

DISCUSSION

The organic salt butyrate is a short-chain fatty acid present in the gastro-
intestinal tract of animals as a main end product of bacterial fermentation of mainly
fibers/ carbohydrates (Liu et al., 2017).Butyrate is an important energy source for
intestinal epithelial cells and plays a role in the maintenance of colonic homeostasis
(Hamer et al., 2008). However, previous research on butyrate has focused on
terrestrial vertebrates including humans, while very limited studies have been carried
out on fish. The four chain fatty acid of butyrate may enhance growth of some marine
and freshwater fish species, including ESB (De Shryver et al., 2010; Liu et al., 2014,
2017; Rimoldi et al., 2016). In the current research, the beneficial effect of dietary SB
on all measured growth criteria of ESB fry was evidenced with the elevated values in
response to 0.2%SB (sometimes 0.3%) supplemented diet compared to control SB-
free diet. The appropriate SB dose (0.2% or 0.3%) suggested in the current research
for ESB fry is in the line of prior results that with lower dietary butyrate contents
(0.1-1%) a dose—effect response exists between SB and fish growth (Liu et al.,
2017). Moreover, the elevated protein efficiency ratio and protein productive values
in SB2-fed fish indicated better feed utilization efficiency, suggesting more nutrients
absorption and may denote SB as a digestibility enhancer. This assumption was
supported by the increased protein deposition in SB2- and SB3-fed fish as compared
to CTRL fish (Table 3). However, our findings revealed insignificant effect of SB on
feed intake or feed conversion rate of ESB, and this was earlier noted for other fish
species (Robles et al., 2013; Liu et al., 2014; Ahmed and Sadek, 2015). In the
meantime, our results showed that dietary SB had led to higher protein content of
fish, which contradict with those of Liu et al. (2017) for grass carp fed diets with or
without SB and had similar body composition. However, the effect of butyrate intake
on growth promotion of ESB fry, of the current research, was in accordance with the
earlier reports that SB can improve feed digestibility, especially for proteins and
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amino acids (Hoseinifar et al., 2017), increasing the availability of several essential
amino acids and nucleotide derivatives (Robles et al. 2013), therefore enhance fish
growth and survival.

It is obvious that SB molecule exerts multiple other beneficial effects on host
energy metabolism, and improves the intestinal absorptive function (Hamer et al.,
2008; Liu et al., 2014). Improvement in growth performance and intestinal function
through dietary SB- addition has been previously reported in seabream Sparus aurata
(Robles et al., 2013), common carp, Cyprinus carpio (Liu et al., 2014) and tilapia
Oreochromis niloticus (Ahmed and Sadek, 2015).

It is well established that blood parameters are susceptible to dietary
manipulations and are considered important tools in evaluating healthy status and
physiological condition of fish (Buscaino et al., 2010). Hemoglobin and hematocrit
values are indicators of general health of fish and may change in response to
deficiencies in essential nutrients (Fazio et al., 2013). Ingestion of SB by ESB fry, in
the present study, had further beneficial impact on major blood constituents as shown
by the noticeable elevation of measured blood parameters in SB-fed fish, as
compared to CTRL fish. This may indicate an enhancement of basal fish health status
of SB-fed fish. Moreover, all the measured immunity indicators (the non-specific
defense mechanisms) of ESB fry are raised by SB intake particularly
immunoglobulin (+198%) and respiratory burst activity (+78.2%) in comparison to
CTRL fish (Fig 1). Besides, dietary SB has impacted the activity of leucocytes
macrophage and lymphocytes, in ESB fry, which are important for proper non-
specific defense mechanism function and for preventing diseases (Villegas and
Mulero, 2014). The measured haemato-immunological parameters of ESB fry pointed
out that the optimal level that caused induction of immune response is 0.2%, then
0.3%, and evidenced that SB is able to boost the immune competence in ESB fry.
These results are in agreement with the prior research concluded that 0.2% dietary SB
has potential immunomodulatory and anti-inflammatory properties (Rimoldi et al.,
2016). Similarly, prior research with B-hydroxybutyrate (B-HB) hypothesized its
ability to modulate the immune system in ESB postlarvae (Frank et al., 2017),
Mozambique tilapia, Oreochromis mossambicus (Suguna et al., 2014) and common
carp, Cyprinus carpio (Liu et al., 2014). Accordingly, the present study emphasized
that among the various health advantages ascribed to SB, boosting immune responses
and anti-pathogenic activities are the most anticipated benefits.

In recent years, evidence has been accumulating for a pivotal role of the gut
microbiota in maintaining the health status of fish, including the gut intestinal tract
(GIT) (Franke et al., 2017). Several feed additives such as butyrate have therefore
been commercialized to support intestinal development and function of aquatic
animals (Hoseinifar et al., 2017). It was shown that the cell growth of pathogenic
bacteria belonging to genera like Vibrio and Salmonella is suppressed by acidifiers,
while beneficial bacteria such as Lactobacillus spp. and Bifido bacterium spp. may
profit from the lower gut pH, improving the gastrointestinal tract (GIT) health of the
host organisms (Defoirdt et al., 2006). Moreover, it is well established that the
intestinal microbiota can influence gut immunity, GIT development or function and
life-stage-associated metabolism modulations (Villegas and Mulero, 2014).
Therefore, the present research results’ indicated that SB possess inhibitory potential
against Vibrio and has an ability to elicit many effects at the cellular or
microbiological levels in distal intestine of ESB fry. The combining different action
mechanisms against Vibrio species (such as direct bactericide/bacteriostatic
properties) are proven to be effective in raising survival rate under the prevailing
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rearing conditions (Table 2). This further indicates that SB is capable of stimulating
the immune system of ESB fry which may be the cause of the increased resistance to
diseases. Similarly, Frank et al., (2017) found that application of dietary poly-p-
hydroxybutyrate (PHB) significantly enhanced the innate and the adaptive immune
response of seabass (D. labrax) postlarvae. Our results are consistent with earlier
reports that SB can be used as an energy source by epithelial cells lining the intestinal
tract, and it is known to reduce production of pro-inflammatory cytokines, induce the
production of enteric hormones and strengthen cellular junctions between enterocytes
(Gajardo et al., 2017).Therefore, it has been concluded that SB inclusion is a value-
added acidifier in ESB fry diets caused a controlling effect on distal intestine
microbiota, causing a decrease in the gut intestinal tract (GIT) pH, which inhibits the
growth of certain pathogenic bacteria (Defoirdt et al., 2006; De Schryver et al., 2010)
that hypothesized to maintain healthy gut histology. Accordingly, the biological
effects of dietary SB on ESB fry such as growth promotion, immunostimulation and
anti-pathogenic activities are evidenced in our particular study.

Despite of the significance role of intestine as a digestive and defensive organ,
only few researches have studied the effect of acidifiers on the intestinal morphology
of ESB (Rimoldi et al., 2016; Wassef et al., 2017). Measurement records of the
present study have clearly shown that SB intake had a significant influence on the
morphology of the three main regions of intestine (proximal PI, mid MI, and distal
DI) of ESB. Baeza-Arifio et al., (2016) reported that the thickness of the intestinal
layers differs according to diet, with no fixed pattern in terms of statistically
significant differences. The present study revealed a significant increase in muscle
layer (ML) thickness in both mid and distal intestines of SB-fed ESB relative to
CTRL fish. Similar trend was obtained by Baeza-Arifio et al., (2016) for gilthead
seabream fed high concentration of plant proteins. On the contrary, Rimoldi et al.,
(2016) noticed a reduction in the muscular layer appearance, being thinner than in
CTRL fish, in distal intestine of ESB after ingestion of a 0.2% SB diet with high
soybean meal (SBM) level. These variations between our data and previous reports
are most probably due to difference in dietary protein source (aquatic or plant) within
the tested diets, and variations in fish size and rearing conditions.

Additionally, data of the present study showed significant variations in the
thickness of submucosa layer (SML) in all intestinal portions, due to SB oral
ingestion. This indicates that SB, at all tested levels, had caused a noticeable
proliferation in SML cells. These findings are in accordance with those found by
Cerezuela et al., (2012) for gilthead seabream fed a high soybean meal diet, but
contradict with those of Baeza-Arisio et al., (2016) that SML-thickness showed no
significant differences in any of the intestinal portions when fish fed a mixture of
vegetables proteins. The trophic variation of intestinal histomorphology in ESB, of
different sizes, was earlier observed by Bonaldo et al., (2008); Wassef et al., (2016)
and Rimoldi et al., (2016). In aquatic animals, intestinal villus length is regarded as a
sign of absorption ability (Cerezuela et al., 2012). Besides, the increase of villus
width could be associated to the increment in number of absorptive cells, making
these villi appear more or less bulky (Figs 3, 4, 6). Intestinal sections of the present
research illustrate that SB-added diets showed better villus development, in
comparison to CTRL diet, indicating an increase in the absorption surface in both mid
and distal lumen of ESB fry intestine. The increase in villus length in proximal- (PI)
and mid-intestine(MI) suggest higher nutrient absorption capacity of intestinal lumen.
These hypothesized findings are in agreement with those reported by @verland et al.,
(2009) and Baeza-Arifio et al., (2016) for Atlantic salmon and gilthead seabream
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respectively. In the meantime, a major function of goblet cells is the production of
mucus, which forms a protective gel-like layer over the surface epithelium and
protects against bacterial invasion (Deplancke and Gaskins, 2001). Data of the
current study showed an elevation in the number of goblet cells in proximal and distal
intestine in ESB fed SB-diets, as compared to CTRL fish, and the maximum goblet
cells number was found in the distal intestine. Controversially, Rimoldi et al., (2016)
observed well-distributed goblet cells along the villi of distal intestine, in ESB (514
g) fed sodium butyrate-added diets with low percentage fishmeal. In our study, the
trophic effects of SB, by ESB fry, did not alter the thickness of lamina propria (LP)
layer in proximal or mid intestine, but caused an increase in LP-thickness in distal
intestine. On the contrary, Baeza-Arino et al., (2016) reported a decrease in LP
thickness with high dietary fishmeal substitution level in gilthead seabream, whereas
Nogales-Mel]rida et al., (2010) found no significant differences in the thickness of
LP between the different intestinal portions of Diplodus puntazzo. Also, histological
structure of lamina propria, for proximal and distal intestines clearly revealed
presence of infiltrated leucocytes in control ESB fry, which are greatly reduced in
some intestinal folds after SB intake (Fig 3). This decrease in leucocytes number
could be a result of SB protecting effects against pathogenic bacteria or may be due
to increasing of total leukocyte count in blood of fish fed the SB-free diet. Worth to
mention that the reduction in leucocytes presence is associated with lower pathogenic
bacteria present in gut microbiota. These results are in accordance with those of
Rimoldi et al., (2016) for bigger ESB (514 g) that a 0.2% butyrate-added diet had
resulted in less infiltrated inflammatory cells than in control diet which showed a
significant number of leukocytes in ultrastructure intestinal sections. Similar data are
also reported by Cerezuela et al., (2012) that low number of lamina propria
infiltration leucocytes was found in gilthead seabream fed a probiotics-added diet.

CONCLUSION

The efficacy of sodium butyrate as a functional diet-acidifier was evidenced in
the present study.SB can exert multiple effects in ESB (D. labrax) fry, including
promotion of growth, survival, feed utilization, and elevation of protein deposition as
well as reduction of lipid in body composition. Additionally, SB had have strongly
influenced gut microbiota composition by inhibiting or stimulating the growth of
pathogenic or beneficial bacteria in fish distal intestine. Therefore, microencapsulated
SB is an efficient immune-stimulant additive, to improve the innate defense of fish
providing resistance to pathogens and can provide an alternative to antibiotics use.
SB can also promote gut maturation and structure by boosting the intestinal cell
proliferation leading to an increase in villi length and density and mucous production
of goblet cells.
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