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2312 Abstract

233 The development of sustainable and functional feed represents an opportunity and a need for the
-gl4  aquaculture industry, supporting beneficial physiological effects on fish that go beyond traditional
3015  feed formulations. This study aims to evaluate the potential application of microalgae, produced
3%[6 through a sustainable process, as a functional ingredient in practical diets for Siberian sturgeon
3517  (Acipenser baerii) fingerlings. For this purpose, the effects of the dietary administration of two
g8 different microalgae, Nannochlopsis gaditana and Scenedesmus almeriensis, cultivated on
4019  conventional synthetic medium (SM) or diluted pig manure (PM) and included in diets as crude or
420  hydrolyzed biomasses, were tested.

4221 Growth performance and oxidative status of the fish were evaluated and compared in relation to the
4h2  different diets. Biochemical characterization revealed a higher protein and lipid content both in N.
523  gaditana and S. almeriensis which were grown on PM. Anyway, regardless of the growth medium
524 used, N. gaditana presented higher protein and lipid content than S. almeriensis. Microbiological
5?5 analysis shows no evidence of pathogen contamination (absence of Salmonella spp.; E. coli <100
526  cfu/g), neither in microalgae produced on SM nor in those produced on PM. Growth performance,

597  nutrient utilization and muscle composition in fish fed microalgae-supplemented diets were similar
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to those of the control group, showing they fulfilled the fish nutrient requirements for assuring
sturgeon fingerlings growth and fillet nutritional quality. However, sturgeon fed-diets containing
hydrolyzed N. gaditana biomass, grown on PM, reached greater average final weight then the other
fish groups, included the control group. These results suggest the potential application of microalgae
obtained by biorefinery as a protein and lipid source in practical diets for Siberian sturgeon (A. baerii).
In particular, N. gaditana was revealed to be a potential functional ingredient in aquafeed, usable to
improve the sustainability of microalgae production and of the aquaculture sector, through a circular
bioeconomy approach.

Keywords: Sturgeon, Aquafeed, Hydrolysis, Microalgae, Biorefinery, Circular-Economy.

1. Introduction

The global population is forecast to increase rapidly by 2050, requiring a significant increase in food
production, with a special demand for high-quality protein. Under this context, it is expected
aquaculture industry will grow a further 37% between 2016 and 2030, and its heavy reliance on feeds
produced from wild-caught fish will be not sustainable [1]. There is a growing interest in developing
functional and sustainable aquafeed from alternative sources while ensuring that farmed fish supply
meets consumption demands [2, 3]. Thus, the use of microalgae as dietary ingredients and additives
in aquaculture has received a lot of attention and numerous studies reported they can be used in
aquafeeds as a sustainable ingredient in the replacement of fish meal and fish oil without
compromising fish growth and nutrient utilization [4, 5, 6, 7]. Moreover, it has been reported that
sometimes microalgae dietaries improve fish growth performance, as weight gain and protein
deposition in muscle, playing positive effects on fish quality attributes [8] and fish health status [9,
10]. Other studies showed that microalgae inclusions in aquafeed can be beneficial to fish in terms of
antioxidative properties [11, 12], lipid metabolism [13], gut functionality [14, 15, 16] and immune

response and disease resistance [14, 17].
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Despite numerous strengths supporting the use of microalgae in aquafeed, some critical issues were
reported as limiting factors in their actual use and are mostly related to their high production cost and
their cell wall structure and composition which acts like a protective barrier that reduces the
bioavailability of the intracellular nutrients [18].

One of the potential solutions to reduce microalgae production costs is the development of integrated
biorefineries based on the use of microalgal biotechnology to recovery and recycle nutrients using
some agro-industrial by-products. Indeed, different microalgal species show good ability to grow on
a complex waste stream of organic origin (digestate, pig manure wastewater, etc.) performing the
remediation of nutrient pollutants, while producing biomass [19, 20, 21]. However, studies that
incorporated processed microalgae from biorefineries as nutrients sources in aquafeed are limited.
Previously results related to the potential inclusion of microalgal biomasses obtained from a
biorefinery in aquafeed suggest their potential use as a valuable nutrients source, able to ensure both
adequate growth performance and healthy gastrointestinal tracts in different fish species, such as
Siberian sturgeon (A. baerii), Atlantic salmon (S. salar), common carp (C. carpio) and European sea
bass (D. labrax) [22, 23, 14].

On the other hand, the application of enzymatic hydrolysis treatments is a promising tool for
weakening the cellulosic-rich cell wall present in some microalgae species [24]. This kind of process
improves the release of intracellular components such as low molecular weight bioactive peptides
and free amino acids, increasing nutrient bioavailability and functional properties in fish [25, 26, 27].
Therefore, the production of microalgae-biomasses based on the biorefinery approach and the
development of hydrolysates would enable to ensure high bioavailability of the intracellular nutrients
and bioactive compound provided by microalgae contextually containing the zootechnical wastewater
disposal costs. Moreover, the application of this circular economy approach makes the feed and fish

production chain more sustainable.
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In this study, the evaluation of the effects of the dietary inclusion of two microalgae, Nannochloropsis
gaditana and Scenedesmus almeriensis, cultivated on synthetic medium and pig manure, was carried
out in Siberian sturgeon (Acipenser baerii) fingerlings.

The aim was to study the potential application of microalgae from biorefinery as a functional
ingredient in practical diets intended for freshwater fingerlings, assessing different parameters related

to growth performance and oxidative status.

2. Materials and methods

2.1 Enzymatic hydrolysis of algal biomass

N. gaditana and S. almeriensis biomasses were produced in the SABANA facilities at the University
of Almeria using two culture media: Synthetic Medium (SM), consisting of a solution of dissolved
fertilizers in water and Pig Manure medium (PM), a solution of clean water plus manure (10%). This
dilution has been selected on the basis of previous experiences, as it provides a similar amount of
nutrients than those contained in synthetic medium prepared using fertilizers. Fertilizers used in the
trials were: NaNOs, MgSO4 and KH,POyg, in order to have a concentration of 200 mg L™ ! of N and

50 mg L~ ! of P, approximately.

Microalgae were cultivated in open thin-layer reactors of 80 m? (3.0 m®) in continuous mode at a
dilution rate of 0.3 day™, under controlled dissolved oxygen and pH conditions by on-demand
injection of air or CO,. The daily average culture conditions were irradiance of 240 umol photons m
251 temperature 25 + 4 °C, pH 8.0 + 0.2 and dissolved oxygen 12 + 5 mg/L. Microalga biomass was
harvested by centrifugation (RINA centrifuge, Riera Nadeu SA, Spain), frozen, freeze-dried and
milled. Then, the homogenized powder was stored in the dark at —20 °C until use. Both biomasses
were subjected to an enzymatic hydrolysis treatment in order to improve the digestibility and
increasing the nutrient bioavailability and functional properties compared with the untreated raw

microalgal biomasses. For each enzymatic hydrolysis, wet sludge of N. gaditana and S. almeriensis
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containing 300 g L (dry weight) were transferred into a 10 L reactor. Then, microalgae biomass was
incubated at 55 °C under continuous agitation for 12 h in presence of a commercial cellulase (22178,
Sigma-Aldrich, Madrid, Spain) providing a 0.05 enzyme to microalgae ([E]}/[S]) ratio. In order to
understand the degree of the hydrolysis process, the amount of reducing sugars released from
microalgae was assessed using the dinitrosalicylic acid (DNS) method according to Miller [28].
Additionally, two batches of crude raw N. gaditana and S. almeriensis sludge, produced with
synthetic medium and diluted pig manure, were freeze-dried without any previous treatment. In
concluding, the following algal biomasses were produced considering the type of fertilizer and pre-
treatment used: Crude N. gaditana grown on Synthetic Medium (C-NSM), or on Pig manure (C-
NPM), Hydrolyzed N. gaditana grown on Synthetic Medium (H-NSM), or on Pig manure (H-NPM),
Crude S. almeriensis grown on Synthetic Medium (C-SSM) or on Pig Manure (C-SPM), Hydrolyzed

S. almeriensis grown on Synthetic Medium (H-SSM) or on Pig Manure (H-SPM).

2.2 Feed formulation and production

The dried algal biomasses were analyzed to determine their nutritional composition and
microbiological evaluation (Tables 2 and 3). Then, nine experimental diets were formulated to be
isoproteic (51.0% dw) and isolipidic (14.0% dw). The control diet (CT) mimics the ingredient
composition of the commercial microalgae-free diets used for feeding sturgeon fingerlings. The
experimental diets were prepared to contain 10% of each one of the microalgal biomass detailed
above by partially replacing fish meal (FM) soybean and fish oil (Table 1), and the formula was
established considering the nutritional composition of the dried algal biomasses (Table 2). Diets were
elaborated by Ceimar-University of Almeria (Service of Experimental Diets). In brief, all the
ingredients were ground and mixed in a vertical spiral-shaped mixer (Sammic BM-10, capacity 10-
L, Sammic, Azpeitia, Spain) before being supplemented with fish oil and diluted choline. The
ingredients were mixed for 15 min, then integrated with water to obtain a homogeneous dough that

was subjected to a cold extrusion process (Miltenz 51SP, JSConwell Ltd. New Zealand) for making



21
2186

pellets with 1 mm diameter and 1.5 mm length. A temperature of about 60 °C was applied for the
extrusion process for preserving the potential functional properties of the microalgae. Feeds were
dried in a chamber at 25 °C (Air-Frio, Almeria, Spain) for 24 hours and stored in plastic bags under
vacuum packaging conditions at —20 °C until use.

2.3 Fish, feeding trial and sampling

The feeding trial was carried out at the experimental facilities of the Istituto Sperimentale Italiano
Lazzaro Spallanzani (Rivolta d’Adda, Italy). Four hundred thirty-two Siberian sturgeon (A. baerii)
fingerlings (mean body weight 12.3 + 0.1 g) were randomly divided among 27 groups of 16 specimens
each and kept in twenty-seven 120-L fiberglass tanks in a recirculating aquaculture system (daily
water exchange 2%, with mechanically filtered and UV treated water). Water parameters were
monitored daily and kept constant and optimal for this species (temperature 18.9 + 0.6 °C, dissolved
oxygen 9.4 +0.98 mg L%, pH 8.0 + 0.1, NH4-N <0.06 mg L, NO2-N <0.2 mg L). The photoperiod
used was 12 h of artificial light and 12 h of darkness. After 15 days of acclimatization, dietary
treatments were randomly assigned in triplicate to the groups. Fish were fed for 40 days with
experimental diets by hand, six days per week in two daily meals (9:00 am and 5:00 pm) with a feed
ratio equal to 3% of body weight.

At days 0, 15, 30 and at the end of the growth trial (40 days), fish were group-weighed after 24 h
fasting period, under moderate anesthesia (MS222, 50 mg L) to assess zootechnical parameters.
Growth performance and nutrient utilization were estimated using the following parameters: survival
rate (SR, %), initial body weight (IBW, g), final body weight (FBW, g), feed intake (FI), specific
growth rate (SGR) and feed conversion ratio (FCR) were calculated as shown below:

FI (9): daily feed ingested x days

SGR (%):100 x [(In final body weight — In initial body weight)/days]

FCR: FI(g) / weight gain (Q)

Six fish per tank (18 fish per dietary treatment) were randomly selected, euthanized with a bath of

tricaine (Pharmagq) at a lethal concentration, then dried on absorbent paper and subjected to individual
6
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biometric measurements (total length, body weight). The condition index was then calculated

following the Fultons K-index:
K = WL3, where W is the weight and L is the total length of the fish.

A pool of the respective skinned fillets from three fish per tank (9 fish per dietary treatment) was
frozen and stored at -20 °C for proximate and fatty acid analysis. A pool of livers from the same fish
was frozen and stored at -20 °C until superoxide dismutase (SOD) and catalase (CAT) activity were
measured.

The fish handling procedures and sampling methods used in the trial followed the guidelines of the
E.U directive 2010/63/EU on the protection of animals used for scientific purposes.

2.4 Chemical analysis

Dried microalgal biomasses, experimental diets and fillet muscle tissues were analyzed for dry matter,
crude protein, total lipids and ash according to AOAC methods [29] after grinding and
homogenization. Total lipids were performed according to the Folch method [30] and then an aliquot
of lipids (about 20 mg) was employed for fatty acid profile determination according to Christie [31].
Chromatographic conditions were set according to Bongiorno et al. [22]; fatty acids were identified
by comparison of retention times with standard 37 fatty acids methyl esters (FAME) mixture in
dichloromethane and standard Menhaden fish oil, obtained from Supelco (Supelco, Bellafonte, PA,
USA) and expressed as a percentage of total fatty acids.

The amino acid profile of microalgae biomass was determined after acidic hydrolyzation (100 mg of
sample were hydrolyzed in 10 mL of 6 N HCI under vacuum at 110 °C for 24 h) and then filtrate
hydrolysate aliquot (1 mL) was taken and evaporated to dryness under nitrogen at 40 °C, and the dry
residue was redissolved in 2 mL of distilled water. Amino acids were determined according to Graser
et al. [32] using precolumn derivatization with o-phethaldialdehyde (OPA)/3-mercaptopropionic acid
(MPA), employing Norvaline as internal standard. Derivatization and chromatographic conditions

were set according to Bongiorno et al. [22].
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The total antioxidant capacity of algae was tested on freeze-dried algae samples. A PAO Total
Antioxidant Capacity Kit (#KPA-050) was purchased by JalCA (Nikken, SEIL Co., Ltd). Briefly, the
measurement was based on the reduction of Cu." to Cu* by mean of both the hydrophilic and
hydrophobic antioxidant compounds, in the presence of a chromatic reagent (Bathocuproine). The
Cu+ produced by the reduction step was detected by absorbance at the wavelength of 490 nm using
an Infinite® F500 (Tecan Trading AG, Switzerland) spectrometer. Extraction was performed using a
mixture of ethanol: water (3:1) in order to collect both polar and apolar compounds. After this step,
extracts were centrifuged at 6,000 rpm for 5 min (Megafuge 1.0R, Heraeus Instruments, Hanau,
Germany) and an aliquot of supernatant (10 uL) was employed in the total antioxidant capacity assay.
Total antioxidant capacity was expressed as cupric ion reducing power (umol L), corresponding to
the uric acid concentration multiplied by 2189 (1 mM of uric acid = 2189 pmol L*). Each sample
was tested in triplicate, with the exception of the antioxidant analysis which was performed in
duplicate.

2.5 Microbiological analysis

The dried microalgae biomass and test diets were analyzed before their use in the feeding trial. For
bacterial enumeration, 10 g of each sample was aseptically crushed with a mortar, mixed with 90 mL
of sterile peptone water (bacteriological peptone 1 g L, Thermo Scientific Oxoid, Thermofisher,
Rodano, Italy) in a sterile filter stomacher bag and homogenized (Seward Stomacher 400 Circulator)
for 1 min at normal speed.

Ten-fold dilutions of homogenate were prepared in the same diluent and aliquots (1 mL) were pour-
plated in specific agar media. Total mesophilic bacteria were enumerated in Plate Count Agar (Oxoid)
at 30 °C for 72 h [33]. Enterobacteriaceae were determined on Violet Red Bile Glucose agar (Oxoid)
at 37 °C for 24 h [34]. Escherichia coli were determined on ChromID Coli agar (Biomerieux, Bagno
a Ripoli, Italy) at 44 °C for 24 h [35]. For enumeration of sulphite-reducing Clostridia spores, sample
homogenates were treated in a water bath at 80 °C for 10 min and cooled in iced water. Dilutions

were pour-plated in Tryptose Sulphite Cycloserine agar (Merck, Darmstadt, Germany) and incubated
8
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at 37 °C for 24-48 h under anaerobic conditions [36]. Presumptive Clostridium perfringens colonies
on TSC were confirmed by acid phosphatase test (Sifin Diagnostics, Berlin, Germany) according to
manufacturer's instructions [37]. The presence of Salmonella spp. was qualitatively determined in 25
g of sample in accordance with ISO standard method [38]. All microbiological analyses were
performed in triplicate. The results of the microbial counts were expressed as means of log colony-
forming units (CFU) per gram of sample + standard deviations (SD).

2.6 Superoxide Dismutase (SOD) and Catalase (CAT) analysis

An aliquot of sturgeon livers from the pool made with fish coming from the same tank (about 50-100
mg from each fish) was rinsed with phosphate-buffered saline (PBS) solution, pH 7.4, to remove any
red blood cells and clots, then homogenized on ice in 10 mL g tissue of cold buffer (50 mM
potassium phosphate, pH 7.0, containing 1 mM EDTA for CAT assay and 20 MM HEPES, pH 7.2, 1
mM EGTA, 210 mM mannitol and 70 mM sucrose for SOD assay). Tissues homogenized with
respective buffers were centrifuged at 10,000 g for 15 min, at 4 °C and the supernatant was stored at
—80 °C until the assays were performed. Enzymatic assays were performed by means of specific kit
purchased by Cayman Chemical (Ann Arbor, Michigan, Catalase Assay Kit Item No. 707002 and
Superoxide Dismutase Assay Kit item No 706002). The response for each enzymatic activity was
determined by the absorbance showed at 540 nm for CAT and 450 nm for SOD, using an Infinite®
F500 (Tecan Trading AG, Switzerland) spectrometer. CAT activity was expressed as the amount of
enzyme that caused the formation of 1.0 nmol of formaldehyde (oxidation product) per min at 25 °C
(nmol min"t mL1). Total SOD activity (cytosolic and mitochondrial) was expressed as unit of enzyme
that exhibits 50% dismutation of the superoxide radical (U mL™). Each sample was tested in triplicate.
2.7 Statistical analysis

Data are expressed as mean + standard deviation. Prior to statistical analysis, all the data were
evaluated for normality distribution, except for antioxidant properties which were analyzed in

duplicate. Differences between treatments were analyzed by one-way analysis of variance (ANOVA)



and, if adequate, means were compared using Duncan's test, set for P < 0.05. All the analyses were

carried out using the SPSS-PC release 17.0 (SPSS Inc., Chicago, IL, USA).

Results and Discussion

3.1 Chemical and microbiological characterization of the microalgae biomasses

The chemical composition, total antioxidant capacity and microbiological traits of the freeze-dried
biomass of N. gaditana grown on Synthetic Medium (NSM) and Pig Manure (NPM) and S.
almeriensis grown on Synthetic Medium (SSM) and Pig Manure (SPM) are shown in Tables 2 and
3. The data relating to the microalgae biochemical characterization show that N. gaditana biomasses
had a higher content in protein, lipid and ash compared to S. almeriensis. regardless of the growth
medium used. Both N. gaditana and S. almeriensis microalgae, grown on PM, had a higher protein
and lipid content than those grown on SM. N. gaditana grown on SM had the highest ash content.
The higher protein content in algae grown on diluted pig manure medium could be largely influenced
by the culture medium or operation and growth conditions. Also, the higher presence of bacteria
(which usually have high protein content) in biomass grown on pig manure medium could contribute
to the differences in composition between the two different biomasses grown on the different media
(PM vs SM). Because operation conditions were the same, probably differences in protein content
could be attributed to culture medium composition or differences in bacteria content. Higher nitrogen
availability found when using pig manure can increase the protein content of the final biomass
produced. In this study, the presence of bacteria was evaluated in all the dry biomasses tested and not
large differences being observed (see table 3). In order to dispel any doubts, further microbiological

investigation will be conducted also on fresh biomasses.

The amino acid composition, specifically the content in essential amino acids, is considered a quality

criterion to determine the quality of microalgae. Overall, results appointed an amino acids

10
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composition of the microalgae used in this study similar to that previously observed in those
microalgae strains, with an adequate level of essential amino acids.

Fatty acid composition of freeze-dried microalgae (Table 2) shows that, in general, for both
microalgal species, the Saturated Fatty Acids (SFA) were higher in those grown on SM, while
Monounsaturated Fatty Acid (MUFA) were higher in the microalgae grown on PM. Concerning
Polyunsaturated Fatty Acids (PUFA), similar values were found for each microalgae species grown
on SM and PM. However, PUFA content in S.almeriensis was much lower than those observed in N.
gaditana. In particular, PUFA were the predominant fraction in N. gaditana grown on both SM and
PM (62.4% and 63.2%, respectively), followed by SFA (35.7% and 33.4%, respectively), and MUFA
(1.9% and 3.5%, respectively). Instead, the SFA were the predominant lipid fraction in S. almeriensis
grown both on SM and PM (reaching values of 47.0 and 40.2% of the total fatty acids, respectively),
followed by PUFA (36.8% - 36.2%, respectively) and by MUFA (16.2% and 23.6%, respectively).
Biomass antioxidant analysis showed that, regardless of the microalgal growth medium used, N.
gaditana presented greater antioxidant capacity than S. almeriensis. However, the microalgae seemed
to lightly implement their antioxidant properties when grown on PM (Table 2).

About the microalgae microbiological quality (Table 3), it is possible to note that all the biomasses
studied showed a total bacterial content between 5.0 and 6.0 log CFU g, regardless of the grown
medium (SM or PM) used. Hygienic indicator parameters such as Enterobacteriaceae and E. coli
were found at low levels in both N. gaditana and S. almeriensis grown in SM. Sulfite-reducing
Clostridia spores were found at higher levels (> 4.0 log CFU g?) in microalgae biomasses cultivated
on PM. The presence of C. perfringens was confirmed in all samples by acid positive reaction to
phosphatase assay of characteristic colonies isolated from TSC agar plates. No Salmonella spp. was
found, neither in N. gaditana nor in S. almeriensis dried biomasses grown on both SM and PM.

3.2 Enzymatic hydrolysis of algal biomass

Fig. 1 shows the amount of reducing sugars released during the enzymatic hydrolysis of microalgae.

Quantification of reducing sugars showed a significant increase in glucose concentration over the
11



enzymatic reaction reaching values of 8.7 g and 9.1 g free glucose equivalent per 100 g of microalgae
biomass in N. gaditana and S. almeriensis, respectively. In both microalgae species, the biomass
grown in PM (H-NPM and H-SPM) showed significantly lower values of releasing sugars than those
observed in microalgae grown in SM, especially in S. almeriensis (Fig. 1B). This phenomenon might
be related to the microbial composition of PM, in which there is a high content of endogenous bacteria
(107 cells mL1) with short generation times [39]. These manure endogenous bacteria are mainly
Gram-positive fermenting bacteria such as Eubacterium, Bacillus, Lactobacillus and Streptococcus,
which could lead to the sugar transformation in by-products such as acetic acid due to fermentative
action [40]. On the other hand, this reduction was not observed in N. gaditana. As marine microalga,
the salinity required in the culture medium may limit the growth of all kinds of microorganisms
present in algal biomass [41]. Overall, results obtained evidenced the effectiveness of previous
enzymatic hydrolysis for weakening microalgae cell wall able to increase the nutritional value raising
the bioavailability of intracellular components.

3.3 Chemical composition and microbiological characterization of experimental diets

The chemical composition of the experimental diets is shown in Table 4. The dry matter, crude
protein, total lipids, ash contents were similar between the diets and adequate to fulfill the nutritional
and energy requirements of Siberian sturgeon fingerlings.

No relevant differences were observed in the fatty acid profile of experimental diets. The amount of
saturated fatty acids (SFA) ranged from 25.6% (CT) to 27.8% (C-NPM) in the diets. Monounsaturated
fatty acids (MUFA) were mainly represented by the oleic acid C18:1n-9, with values between 29.3%
(C-NPM) and 31.6% (CT, H-SPM). Polyunsaturated fatty acids (PUFA), with values of 42.3% (H-
SSM, H-SPM) and 43.9% (C-NSM), represented the most abundant category of fatty acids and
mainly represented by linoleic acid (18:2n-6) with values between 20.3% (H-SSM) and 21.9% (H-
NSM).

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) content were similar in all the

experimental diets with values ranging from 6.97 to 7.42%, of EPA and 7.97 to 8.7% of DHA.
12
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Microbiological traits of the test diets are shown in Table 5. Overall, the experimental diet showed a
moderate microbial load. The total bacterial content was slightly higher when microalgae biomasses
were grown on PM, where included crude in the diets. Concerning the hygienic quality indicators,
Enterobacteriaceae and E. coli (<2.0 log CFU g!) and Salmonella spp. (absent in 25 g) were not
detected. In the experimental diets containing microalgae biomasses grown on PM and included crude
in aquafeed, a low number of C. perfringens spore were detected among sulfite-reducing Clostridia
colonies, grown on TSC agar, This result agrees with previous studies reported the same findings
when an untreated blend of microalgae, Scenedesmus-Chroococcus, cultivated on digestate from
biorefinery was included in aquafeed formulated for A. baerii [22]. However, as in that previous
study, no clinical signs were observed in fish fed with feed containing a low presence of C.
perfringens spores. Furthermore, all the fish presented adequate health status at the end of the feeding
trial, regardless of feed treatment applied.

3.4 Growth performance, nutrient utilization and muscle chemical composition

The growth of A. baerii fed on the experimental diet throughout the 40-day trial is shown in Fig. 2.
Overall, all the diets were palatable and similarly ingested by fish. No illness symptoms were
observed during the entire trial among all the treatments, and low mortality was recorded in all the
experimental groups and the control (2.5% on average), which was not attributable to dietary
treatments.

IBW on average was 12.74+0.39 g and, at the end of the feeding period, all experimental group tripled
their initial weight. After 40 days of feeding experimental diets, experimental groups fed on N.
gaditana-supplemented diets achieved better results in terms of growth and nutrient utilization
parameters (FBW, SGR, FCR) than those observed in fish fed with S. almeriensis. However, no
significant differences were found in comparison with the CT, except for the H-NPM group which
achieved the best results (Table 6).

All the groups fed on S. almeriensis-supplement diets showed growth parameters values slightly

worse than the CT group but still similar to those expected for this species.
13



On the other hand, no significant differences between experimental groups were found in K-factor
(Table 6).

Scarce research has been done aiming to study the integration of microalgae meal in partial
replacement of fish meal (FM) in diets for acipenserids. The only studies conducted showed that
supplementation with 40-50% Arthrospira sp. [42, 43], and with 10% of a blend of Scenedesmus-
Chroococcus [22], can be valid alternative to fishmeal and fish oil, in both white (A. transmontanus)
and Siberian sturgeon (A. baerii). In the present study, the results obtained related to growth
parameters are similar to those reported in other feeding trials with the same species during the same
growing phase [22, 42, 43, 44, 45] where novel protein ingredients were evaluated. Recent studies,
like Galafat et al. [25], who evaluated the effect of the low dietary inclusion of A. platensis
hydrolysate (2 and 4%) in gilthead seabream (S. aurata) juveniles, underline the potential application
of microalgae hydrolysates as an additive in aquafeed improving both intestinal functionality and
antioxidant capacity. However, there are no previous works that pointed the effect of dietary inclusion
of hydrolyzed S. almeriensis and N. gaditana from biorefinery. According to Séaez et al. [46] and
Vizcaino et al. [47], the use of N. gaditana as a feed additive (5%) for feeding S. aurata juveniles has
an effect on protein utilization and antioxidant activity and increases the level of activity in several
digestive enzymes. Moreover, in the case of fish fed on microalgae hydrolysates, it was found as
additional effect a significant increase in the apical area of enterocytes, which might reflect a higher
mucosal absorptive capacity. Bongiorno et al. [22] conducted a feeding trial, reporting no detrimental
effects on growth performance and nutrient utilization, attributable to 10% dietary inclusion of a blend
of microalgae for replacing fishmeal and fish oil in this species. To the best of our knowledge, the
effect of microalgae hydrolysate supplementation has not been assessed before, and the level was set

at 10% dietary inclusion considering the previous findings of those authors.

In the present study, sturgeons fed with diets including N. gaditana showed better growth

performance than sturgeons fed with S. almeriensis and in particular, sturgeon fed with N. gaditana
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grown on PM and hydrolyzed showed better growth than control-fed fish. Probably, enzymatic
treatment may increase the bioavailability of potentially bioactive metabolites and improve intestinal
functionality and feed nutrients assimilation, which lead positive effects on growth. Regarding muscle
composition, the inclusion of different types of microalgae did not affect protein, lipid and ash content
(Table 7). Administered experimental diets and muscle fatty acid profile showed a predominance of
PUFA, followed by MUFA and SFA. In particular, the ratio of saturated to unsaturated fatty acids in
the muscle, ranging from 0.31 to 0.37, reflects the ratio found in dietary treatment, where values
similarly ranging from 0.34 to 0.39 (Table 4 and 7). Palmitic acid, oleic acid, linoleic acid and
docosahexaenoic acid were the most abundant fatty acid found in the different fish group. Concerning
the singular fatty acid, slight differences observed in sturgeon might be attributable to the effect of
the diet but without a particular trend (Table 7). However, these differences never affected the
percentages of long-chain n-3 series fatty acids (such as EPA and DHA), considered as nutritionally
relevant FA associated to positive physiological functions, neither the n3/n6 ratio, that ranged

between 1.11 and 1.23, always reaching values >1.

3.5 Liver antioxidant SOD, CAT activity

CAT and SOD are enzymatic species known to act as a protective barrier against the activity of toxic
oxygen reactive species (ROS) that can be found in different species tissues [48, 49]. It is widely
known that the activity of antioxidant protective systems can be modified by several environmental
[50] and physiological [51, 52] factors. Particularly, CAT and SOD activity in the liver of fish can be
influenced by the dietary pattern followed by the fish, especially by its lipid and starch content.
Actually, higher dietary lipids content has been previously been associated to an increase in the
enzymatic activity, acting against oxidation processes [53]. The liver enzymatic assays performed in
the present study did not show any significant differences among groups of fish fed with different
diets, as detailed in Table 8. The absence of significant differences in the hepatic CAT and SOD

activity among the experimental groups suggests that supplemented diets did not induce any variation
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in the oxidative status of A. baerii fingerlings, despite the relevant difference in antioxidant capacity
among the 2 microalgal species. This might be imputed to the too low percentage of algae included
in the diets or to the duration of the feeding trial, not long enough for reaching an observable
movement of the antioxidative parameters related to dietary microalgae supplementation. On the other
hand, these results agree to the fact that all the dietary formulations tested in this study represented a

similar lipid content, ranging from 13.25% and 14.60%.

4. Conclusions

Scarce information is available on the use of biomass from biorefineries in aquafeed and this study
contribute with new knowledge on this topic. The results obtained confirm the potential use of S.
almeriensis, and especially of N. gaditana biomasses as protein and lipid source to partially substitute
fishmeal and fish oil in aquafeeds for Siberian sturgeon fingerlings. In particular, both microalgae
species, obtained from biorefinery based on nutrient recovery from pig manure, did not affect the
proximate composition and growth performance of fish. The application of enzymatic hydrolysis pre-
treatment to microalgae biomass revealed useful for improving the nutrient bioavailability and
furthermore, appears to be effective for preserving the microbiological quality of both ingredients
and feeds. Moreover, data observed suggested the potential application of hydrolyzed N. gaditana as
functional ingredient in aquafeeds for improving growth performance in acipenserids and make more
sustainable and feasible both wastewater treatment and microalgae production. Turning the
zootechnical wastewater into high-value products minimizes waste, hence in line with the circular
economy concept. Further studies will be carried out to verify the gut health status of fish fed on these
experimental diets and a detailed economic analysis will be performed when the process will be

performed at large scale.
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Fig. 1. Total D-glucose equivalents released from N. gaditana (A) and S. almeriensis (B) biomasses
after enzymatic hydrolysis. Codes: Hydrolysed N. gaditana grown on Synthetic Medium (H-NSM),
or on Pig manure (H-NPM); Hydrolysed S. almeriensis grown on Synthetic Medium (H-SSM) or on
Pig Manure (H-SPM). Data represent mean + SD. Different lowercase letters indicate significant
differences (P<0.05) between initial and final time of enzymatic reaction (Ti and Tf, respectively).
Different uppercase letters indicate significant differences (P<0.05) among microalgae grown on
Synthetic Medium or Pig Manure.
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Fig. 2. Time course variation of body weight of A. baerii fingerlings fed the different experimental
diets for 40 days (n =3, 16 fish per tank).
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Table 1. Ingredient composition of experimental diets used in the feeding trial.
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Ingredients

(a kg™ dry matter, DM) CT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
Fish meal’ 274.0 225.0 2250 2250 2250 211.0 2110 211.0 2110
Soybean protein concentrate?  250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0
Gluten meal® 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0
Dried microalgae 0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0
Attractant premix* 100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0
Fish solubles CPSP 90° 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Fish oil 50.0 41.8 41.8 41.8 41.8 51.0 51.0 51.0 51.0
Wheat meal® 40.5 3.1 31 31 31 35 35 35 35
Soybean oil 27.0 216 21.6 216 21.6 26.0 26.0 260 260
Soy lecithin’ 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Vitamin and mineral premix® 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Guar gum 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Alginate 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Choline chloride’ 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Betaine 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lisine 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Methionine 25 25 25 25 25 25 25 25 25
Stay C Roche 0.2% 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 (protein: 69.4%,; lipids: 12.3%), Norsildemel (Bergen, Noruega); 2 (protein: 51.5%; lipids: 8.0%); 3 (protein: 76.0%; lipids: 1.9%);
4 (50% squid meal, 50% krill meal); 5 (protein: 84.1%; lipids: 8.8%), Sopropeche (France);6 (protein: 12.0%; lipids: 2.0%); 7
SigmaAldrich (Madrid, Spain); 8 Vitamin and mineral premix.
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Table 2. Proximate composition, amino acid (AA), fatty acid profile and Antioxidant Capacity of N.
gaditana and S. almeriensis freeze dried biomass growth on both Synthetic Medium (NSM, SSM)
and Pig Manure (NPM, SPM) (data expressed on dry matter basis).

Proximate composition

(9/100 g microalgae), n=3 NSM NPM SSM SPM
Water 4.5+0.0 4.7+0.01 8.0£0.0 3.4+0.02
protein 35.8+0.2 48.4+0.6 29.1+0.1 33.8+0.2
Lipid 14.6+0.2 18.6 0.8 2.1240.0 8.3910.2
Ash 32.840.1 23.840.1 25.240.0 13.8+£0.0
Carbohydrate 8.2+0.03 4.5+0.1 18.5+0.0 29.2+0.0
Essential AA (g/100 g
microalga) NSM NPM SSM SPM
Arginine 4.06+0.01 5.52+0.04 3.2940.02 4.27+0.06
Histidine 1.38+0.00 2.30+0.01 1.69+0.01 1.61+0.02
Isoleucine 1.60+0.04 2.10+0.03 1.26+0.01 1.59+0.01
Leucine 1.09+0.07 1.74+0.03 1.03+0.01 1.39+0.05
Lysine 1.61+0.08 2.30+0.05 1.43+0.02 1.80+0.10
Methionine 1.11+0.03 1.31+0.02 0.95+0.07 1.17+0.06
Phenylalanine 0.94+0.06 1.08+0.03 0.83+0.01 0.95+0.02
Tyrosine 0.99+0.05 1.24+0.01 0.7240.07 1.02+0.02
Threonine 3.09+0.02 4.31+0.02 2.07+0.01 3.32+0.04
Valine 0.91+0.01 1.11+0.05 0.71+0.05 0.86+0.01
Non Essential AA (9/100 g
microalga) NSM NPM SSM SPM
Alanine 0.55+0.00 0.69+0.00 0.46+0.01 0.54+0.01
Aspartic acid 4.26+0.03 4.90+0.1 5.0740.01 4.44+0.07
Glutamic acid 5.94+0.02 8.10+0.00 3.71+0.08 5.3240.05
Glycine 0.5940.01 0.73+0.00 0.49+0.00 0.61+0.02
Serine 1.99+0.04 2.53+0.05 1.47+0.03 2.17+0.01
Fatty acid composition
(mg/100 g Fatty Acid) NSM NPM SSM SPM
14:0 0.7£0.0 0.8+0.0 5.6+0.3 0.7+0.1
16:0 22.4+0.5 20.2+0.4 15.8+0.3 29.4+0.3
16:1 n-7 0.6£0.0 1.0£0.0 5.3+0.2 1.8+0.1
17:0 12.2+0.5 11.9+0.9 15.2+0.5 2.1+0.1
16:2n-4 0.1+0.0 0.1+0.0 0.0£0.0 0.0£0.0
18:0 0.4+0.0 0.4+0.0 10.3+0.6 8.0+£0.4
18:1n-9 1.3+0.1 1.7+0.1 10.7£0.5 18.8+0.7
18:1 n-7 0.0£0.0 0.8+0.0 0.2+0.0 3.0£0.2
18:2 n-6 LOA 29.9+0.4 25.6+0.2 9.8+0.7 11.2+0.5
18:3n-3 ALA 32.5+0.1 37.5+0.3 24.9+0.1 19.8+0.1
18:4 n-3 0.0£0.0 0.0£0.0 2.2+0.0 4.7+0.1
20:5 n-3 EPA 0.0£0.0 0.0£0.0 0.0£0.0 0.5£0.0
SFA 35.7+0.2 33.4+0.4 47.0+0.6 40.2+0.5
MUFA 1.9+0.0 3.5+0.1 16.2+0.4 23.6+0.7
PUFA 62.4+1.5 63.2+2.1 36.8+0.9 36.2+1.1
n3 32.5+0.7 37.5+1.0 27.0£0.9 25.0+0.5
n6 29.9+0.4 25.6+0.2 9.8+0.7 11.2+1.0
n3/n6 1.1+0.3 1.5+0.1 2.8+0.4 2.2+0.2
Total Antioxidant Capacity
(umol L uric acid NSM NPM SSM SPM
equivalent), n=2

1040.5+51.7 1219.9+5.0 300.8+76.4 390.2+16.4




Data represent mean + SD, n=3. Abbreviations: LOA, linoleic acid; ALA, a-linoleic acid; EPA, eicosapentaenoic acid; SFA, saturated
fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Table 3 Microbial content of N. gaditana and S. almeriensis freeze dried biomass growth on both
Synthetic Medium (NSM, SSM) and Pig Manure (NPM, SPM).

NSM NPM SSM SPM

Total viable aerobic count (log CFU g*) 5.20 +0.05 6.38+0.06 6.20+0.08 5.95+0.04

Enterobacteriaceae (log CFU g*) 2.74 +0.17 <2.00 2.04+0.21 <2.00
E. coli (log CFU g?) 2.98 £0.10 <2.00 <2.00 <2.00
Salmonella spp. (in 25 g) absent absent absent absent

Sulfite-lreducing Clostridia spores (log <200 5.8040.07* 2.60+0.16*  4.65+021*
CFU o) . .80+0. .60=0. .6520.

Data represent mean + SD, n=3. * Presence of C. perfringens colonies confirmed by positive reaction to acid phosphatase
assay.




Table 4. Proximate composition and fatty acid profile of the experimental diets.

Proximate
composition cT C-NSM  C-NPM  H-NSM  H-NPM  C-SSM  C-SPM  H-SSM  H-SPM
(9/100 g feed
on dry basis)
Moisture 11.1¥00 137003  12.2+00  11.4+#00 10.6#0.02 11.4%0.0 106200 10500  9.50.01
Crude 515020 50.31#0.01 52.3:0.2  51.3:0.02 524#0.03 50.2¢02  50.10.1  51.1%0.0  516+0.02
protein
Crude lipid 14.0+0.3 132400  14.0:0.6  13.8#0.1  14.6:047 13.7+0.0  13.9+0.3  14.4+0.3  13.7+2.68
Ash 7.6+0.0 9.1+0.0 8.2+0.01 9.6+0.01 8.5+0.00 8.8+0.01 8.2+0.0 8.7+0.0 7.8+0.04
Carbohydrate 15.8+0.5 13.7+0.3 13.2+0.6 13.9+0.0 13.0+0.4 16.0+0.3 17.2+0.2 15.3+0.3 17.3+0.00
Fatty acid
composition
(/100 fatty CT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
acid)
14:0 4.42+0.10 4,18+0.17 4,70+£0.11 4.,30+0.21 4,18+0.17 4.33+0.24 4.43+0.12 4,48+0.31 4.30+0.16
15:0 0.38+0.02 0.41+0.01 0.49+0.03 0.44+0.01 0.41+0.01 0.40+0.00  0.39+0.06 0.40+0.05 0.38+0.00
16:0 17.08+0.31 17.94+0.58 18.38+0.61 18.32+0.24 17.65+0.02 17.64+0.18 17.95+0.41 17.70+0.37 17.48%+0.55
16:1 n-7 3.83+0.12 3.57+0.18 3.83+0.50 3.60+0.33 3.60+0.27 3.65+0.56 3.79+0.10 3.84+0.20 3.75+0.49
17:0 0.28+0.01 0.83+0.03 0.98+0.07 0.81+0.05 0.89+0.05 0.39+0.01 0.40+0.02 0.38+0.00 0.37+0.01
16:2 n-4 0.40%0.05 0.37+0.02 0.41+0.07 0.37+0.03 0.40+0.03 0.44+0.07 0.47+0.01 0.48+0.07 0.47+0.03
16:3 n-4 0.39%0.05 0.35+0.00 0.40%0.02 0.37+0.01 0.38+0.00 0.36%0.05 0.38+0.06 0.39+0.01 0.38+0.04
18:0 3.19+0.16 3.11+0.22 3.11+0.32 3.15+0.12 3.12+0.23 3.31+0.11 3.38+0.10 3.20+0.19 3.26%0.09
18:1 n-9 15.97+0.43 14.89+0.71 14.98+0.52 15.16+0.67 15.86+0.34 16.30+0.71 16.05+0.50 16.53+0.53 16.69+0.78
18:1 n-7 2.41+0.15 2.28+0.09 2.32+0.06 2.28%0.1 2.35%0.06 2.31+0.09 2.37+0.21 2.37+0.17 2.42+0.34
i%i\“'(s 20424120 2170201 21.06+0.93 21.91+0.07 20.69+222 21.62+171 20.71+0.76 20.34+0.52 20.59+1.23
i\SL:SAn_S 2.39+0.20 3.95+0.08 4,29+0.19 3.82+0.21 4,49+0.14 3.43+0.11 3.04+0.07 3.24+0.05 3.05+0.03
20:0 0.24+0.03 0.22+0.00 0.18+0.01 0.24+0.03 0.24+0.00 0.29+0.01 0.27+0.01 0.27+0.03 0.28+0.01
18:4 n-3 1.73+0.17 1.59+0.08 1.75#0.12 1.53+0.16 1.65+0.07 1.65+0.13 1.79+0.16 1.82+0.10  1.71+0.04
20:1n-11 0.33+0.01 0.30+0.07 0.30%0.02 0.31+0.00 0.30+0.01 0.29+0.05 0.29+0.01 0.29+0.03 0.29+0.00
20:1 n-9 3.52+0.32 3.22+0.42 3.08+0.20 3.16+0.17 3.09+0.09 3.13+0.41 3.21+0.14 3.16+0.23 3.29+0.11
ioéi”'b‘ 0.54+0.06 0.49+0.02 0.49+0.10 0.47+0.05 050£0.02 050+0.02 052+0.11 0.53%0.09  0.53+0.05
22:1n-11 4,71+0.51 4,28+0.21 4,12+0.20 4,18+0.31 4.26+0.12 4,15+0.19 4.23+0.11 4.29+0.25 4.34+0.27
22:1n-9 0.40%0.04 0.37+0.03 0.28%0.00 0.36%0.00 0.34+0.01 0.35+0.02 0.36+0.04 0.37+0.01 0.41+0.02
E%g n-3 7.42+0.31 6.77+0.40 6.44+0.19 6.50+0.32 6.59+0.22 6.69+0.30 6.91+0.42 6.82+0.47 6.86%0.36
24:1 0.48+0.01 045001 0.43:0.00 043+0.05 047+0.06 0.41%0.00 045:0.02 0.45+0.02  0.46+0.04
22:5n-3 0.75:0.06  0.68+0.01  0.62+0.03 0.66+0.07 0.72+0.01 0.69+0.07 07101 076012 0.79+0.06
ZDZQin-S 8.74+0.11 8.04+0.70 7.360.26 7.62+0.63 7.83+0.58 7.66+0.42 7.88%+0.90 7.85+0.21 7.91+0.76
27.84+ 27.26%
SFA 25.59+1.27 26.69+2.5 311 3.04 26.49+1.05 26.36x1.21 26.82+0.98 26.43+1.11 26.06%+0.56
MUFA 31.63+2.42 29.37+1.89 20.34+175 20.49+154 30.26+193 30.59+2.10 30.75+164 31.30+232 31.65+2.41
PUFA 42.78+3.16 43.94+4.26 42.82+3.77 43.25+4.04 43.24+3.90 43.05+3.57 42.42+1.56 42.27+1.25 42.29+1.09
n3 21.04+1.01 21.03+1.33 20.46+0.71 20.13+0.95 21.28+1.98 20.13+0.72 20.34+1.52 20.51+1.61 20.32+1.33
n6 20.96+0.9 22.19+2.04 21.55%1.65 22.38+2.27 21.18+1.30 22.12+1.54 21.23+0.99 20.90+0.64 21.12+1.08
n3/n6 1.00+0.05 0.95+0.07 0.95+0.05 0.90+0.02 1.00+0.07 0.91+0.04  0.96+0.06 0.98+0.06 0.96+0.05
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Data represent mean + SD, n=3, Abbreviations: LOA, linoleic acid; ALA, a-linoleic acid; ARA, arachidonic acid; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids.



Table 5. Microbial content values in the experimental diets.

H-SSM

H-SPM

Total viable aerobic
count (log CFU g%)
Enterobacteriaceae
(log CFU g

E. coli (log CFU g

D)

Salmonella spp. (in

259)

Sulfite-reducing
Clostridia spores
(log CFU g?)

H-
C-NPM H-NSM NPM
534408 3955007 +40%0
06
<2.00 <2.00 <2.00
<2.00 <2.00 <2.00
absent absent absent

4.57+0.03" <2.00 <2.00

4.45+0.21

<2.00

<2.00

absent

<2.00

3.78+0.11

<2.00

<2.00

absent

<2.00

Data represent mean + SD, n=3. * Presence of C. perfringens colonies confirmed by positive reaction to acid phosphatase assay



Table 6. Growth performance, nutrient utilization and somatic indices of A. baerii fingerlings fed the test diets over 40 days.

Growth parameters cT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
IBW () 128:02  133:02  123:04 12803 13400 125402 127402 123306  12.6:0.4
FBW (q) 442417  465:3.8%  439+43%  431+18%  482+14°  40.8+08®  405+17%  30.9+12%  40.240.9%
FIt (g) 3462437 3215431  327.0:1.6  319.0+47  3547+44  3201+45  310.8+119  322.7+60  320.5:2.3
SGR? 310050  3.120.2° 324020 3.0:02®  32+01°  3.0:0.1%  20+01°  3.0+0.04®  2.90+0.03°
FCR?® 0.69+0.02  0.70:0.1%  0.69+0.02%  072+0.03°  (g5:0.04¢ 0.7130.03%  0.72+0.01%  0.74+0.01°  0.75+0.04¢
SR* (%) 100+0.0 95.8£7.2  958t72  958+7.2 958436  97.0+36 100+0.0 07.9+36  97.9+36
Somatic indices cT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
Total lenght (cm) 252417 25616 258418  254+15 257409  249+15 24314  249+15 240420
K-factor 0.3040.02  020+0.04  0.29+0.08 0284003  029+0.02  0.28+0.02 0284003  0.29+0.02  0.29+0.04

Data represent mean = SD, n=3. Different lowercase letters in the same row indicate significant differences (P<0.05).

Abbreviations:

LIBW (g): Initial fish biomass in the tan k (g)/number of fish in the tan k
2FBW (g): Final fish biomass in the tan k (g)/number of fish in the tan k

3F1 (g): Daily feed ingested (g) x days

4SGR:100 x [(In final body weight - In initial body weight) / days]

SFCR: feed intake /weight gain

6SR: final number of live fish/initial number of live fish x 100



Table 7. Proximate composition and fatty acid profile of fillets of A. baerii fingerlings fed the test diets over 40 days.

Fish groups
Proximate
composition (g/100g CT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
muscle on wet basis)
Moisture 79.0£1.73 77.80+1.18 78.59+0.83 79.22+0.11 78.83+1.22 78.21+0.43 77.84+0.43 78.64+2.38 77.59+1.31
Total protein 16.55+1.10 17.33+0.31 16.52+0.60 16.86+0.23 16.94+0.78 17.17+0.61 18.18+0.17 17.33+0.95 18.11+0.97
Total lipids 3.48+1.06 3.91+0.96 3.93+0.27 2.95+0.17 3.28+0.34 3.62+0.60 3.19+0.44 3.13+1.53 3.33+0.77
Ash 0.92+0.11  095:0.10  0.96:0.07  0.98+0.06 0.95:0.10 0.990.11 0.80+0.22  0.90£0.12  0.97%0.05
Fatty acid
composition (g/100g CT C-NSM C-NPM H-NSM H-NPM C-SSM C-SPM H-SSM H-SPM
fatty acids)
14:0 3.37+0.19% 3.49+0.11® 3.38+0.07%® 3.30+0.07° 3.41+0.26® 3.48+0.20® 3.48+0.14%® 3.77+0.05? 3.56+0.09%
16:0 18.96+0.28%  19.62+0.49°  18.68+0.91%  19.44+0.38? 19.81+0.942 17.61+0.20P 18.50+0.80*  19.86+0.15*  19.86+0.49%
16:1n-7 3.67+0.17 3.91+0.37 3.84+0.06 3.60+0.13 3.80+0.20 4.02+0.16 4.09+0.16 4.14+0.08 3.79+0.27
18:0 3.35+0.24 3.05+0.31 2.95+0.23 3.30+0.08 3.34+0.29 2.83+0.20 3.22+0.05 3.10+0.22 3.34+0.42
18:1n-9 cis 19.73+037%  19.90+0.77®®  19.69+0.47®®  19.25+0.24°  20.10+0.70% 20.28+0.20%  19.95+0.32%  20.61+0.29° 20.51+0.27%
18:1n-7 3.24+0.10 3.16+0.08 3.19+0.12 3.21+0.06 3.19+0.10 3.19+0.05 3.33+0.03 3.11+0.06 3.18+0.15
18:2n-6 LOA 17.04+0.27%  16.99+0.32*  17.14+0.52°®  16.99+0.03*  15.83+0.79% 18.13+0.062 16.38+0.75°  16.43+0.78®  16.66+0.91%*
18:3n-6 0.39£0.10% 0.35+0.08¢ 0.73+0.06®  0.41+0.01%  0.57+0.08%%  0.60+0.011%°¢  0.79+0.03*  0.53+0.12°¢  0.36+0.06°
18:3n-3 ALA 1.64+0.09¢ 2.32+0.04® 2.60+0.132 2.17+0.00% 2.3240.21® 2.36+0.05% 1.91+0.09% 2.25+0.11b¢ 2.05+0.20%
18:4n-3 0.90+0.09¢ 0.90+0.01° 1.06+0.11%¢ 0.89+0.03¢ 0.92+0.07%¢ 1.10+0.05% 1.12+0.03? 0.97+0.07%¢  0.98+0.07%¢
20:1n-11 1.18+0.022 1.01+0.05° 1.04+0.06° 1.07+0.04% 1.00+0.06° 1.01+0.05° 0.96+0.03" 0.94+0.06" 0.97+0.04°
20:1n-9 3.53+0.022 3.23+0.013° 3.26x0.11% 3.32+0.02%® 3.31+0.14® 3.14+0.09° 3.08+0.06° 3.14+0.10° 3.21+0.10°
20:3n-6 0.33+0.02 0.34+0.04 0.42+0.06 0.40+0.02 0.38+0.07 0.34+0.01 0.41+0.03 0.32+0.03 0.33+0.02
20:4n-6 ARA 0.92+0.11 0.85+0.08 0.95+0.04 0.96+0.04 0.95+0.018 0.90+0.02 01.04+0.02 0.85+0.07 0.91+0.09




22:1n-11 2.72+0.142 2.53+0.13? 2.48+0.05% 2.57+0.03? 2.50+0.19%® 2.20+0.03 2.11+0.07° 2.48+0.13%® 2.49+0.14%®
20:5n-3 EPA 5.40+0.07 5.31+0.19 5.32+029 5.34+0.22 5.20+0.34 5.43+0.10 5.48+0.20 5.15+0.25 5.17+0.07

22:5n-3 1.66+0.14 1.64+0.08 1.69+0.07 1.66+0.01 1.65+0.16 1.75+0.03 1.78+0.09 1.61+0.07 1.54+0.07

22:6n-3 DHA 11.99+0.92 11.40+0.40 11.57+0.67 12.13+0.38 11.72+1.57 11.63+0.19 12.37+0.30 10.74+0.50 11.10+0.78
SFA 25.68+0.22%  26.16+0.428  25.01+1.16® 26.04+0.36*  26.56+1.27% 23.9240.50°  25.20+0.99®  26.73+0.35*  26.76+0.80°
MUFA 34.06+0.54 33.74+0.77 33.51+0.52 33.02+0.34 33.90+1.22 33.84+0.19 33.52+0.35 34.43+0.46 34.15+0.58
PUFA 40.26+0.74 40.10+0.95 41.48+1.67 40.95+0.65 39.55+2.40 42.24+0.46 41.28+1.32 38.84+0.23 39.09+0.54
n-3 21.59+0.95 21.57+0.58 22.25+1.16 22.19+0.59 21.82+1.96 22.27+0.28 22.66+0.61 20.72+.73 20.84+0.54
n-6 18.67+0.24®  18.53+0.37®  19.23+0.51% 18.76+0.06®  17.73+0.87° 19.97+0.18%  18.62+0.75®  18.12+0.63"  18.26+0.83"
n-3/n-6 1.16+0.06 1.16+0.01 1.16+0.03 1.18+0.03 1.23+0.011 1.11+0.01 1.22+0.03 1.15+0.08 1.14+0.08

Data represent mean + SD, n=3. Different lowercase letters in the same row indicate significant differences (P<0.05).
Abbreviations: LOA, linoleic acid; ALA, a-linoleic acid; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; SFA, saturated fatty acids; MUFA, monounsaturated fatty

acids; PUFA, polyunsaturated fatty acids.



Table 8. Catalase (CAT) and Superoxide dismutase (SOD) activity in liver of A. baerii fingerlings
fed the test diets over 40 days.

CAT activity SOD activity

(nmol min 100 mg™*)* (U 100 mg)*=*

CT 3.63£0.32 0.188+0.0.18
C-NMS 3.65+£0.41 0.199+0.021
C-NPM 3.85+0.28 0.208+0.016
H-NSM 3.93+£0.57 0.169+0.020
H-NPM 3.93+0.17 0.147%0.036
C-SSM 3.23+0.63 0.123+0.062
C-SPM 4.58+1.34 0.152+0.039
H-SMS 3.94+0.23 0.151+0.031
H-SPM 3.86+1.08 0.184+0.017

Data represent mean * SD, n=3. *= nmol of formaldehyde formed by CAT per minute in 100 mg of liver; **=1U is defined as the
amount of SOD needed to exhibit 50% of dismutation of the superoxide radical in 100 mg of
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