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Abstract

Probiotics have recently been an important supplement in in fish feeds showing positive effects on growth and survival in

several freshwater and marine fish species. However, probiotic viability during the inclusion of these supplements in the diets has

been a challenge, greatly depending on the elaboration process such as spray-drying for fish larvae microdiets. Importantly, scarce

information exists about the influence of this process and microdiet handling conditions on the viability of probiotics, despite its

potential to encapsulate and protect these microorganisms, with minimal chemical modification. This study evaluated the effect

of the spray-drying process, storage time, and marine water exposure on the viability of Lactobacillus acidophilus encapsulated in

microdiets. Spray-dried microdiets that including L. acidophilus La-14, can be stored for up to 6 months at 4 °C maintaining an

adequate CFU count (>10°) and can be used as a probiotic supplement in microdiets for marine and freshwater fish larvae. This raises

the possibility of implementing new feeding strategies, such as using enriched microdiets with probiotic strains capable of resisting

salinity and long-term storage, which can have an essential application for the aquafeed industry.
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Introduction

The transition to exogenous feeding of fish larvae is a critical
stage both in the natural environment and under culture conditions
as many fish species depend on the consumption of live prey [1-

3]. However, live food has the disadvantage of exhibiting variable

nutritional profiles, requiring infrastructure investment with
highly trained personnel, and increasing production costs [4,5]. The
latter has prompted the development of economic and sustainable
alternatives, such as the manufacture of microdiets (spray-dried)
that provide adequate particle size and nutrition during the larval
stages [6], which allow earlier weaning or complete live food

replacement [7].

Furthermore, microdiets can be improved by adding dietary

supplements such as probiotics, prebiotics, and antioxidants [8].
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The dietary use of some probiotics, such as Lactobacillus spp.,
has shown positive growth and survival results in freshwater and
marine fish species [9-17]. In particular, Lactobacillus acidophilus
has also been shown to adhere to fish intestinal mucosa [18],
tolerate wide pH ranges [19] and increase enzyme activity in
the gastrointestinal tract [16]. But also, to produce antimicrobial
compounds [20], and modulate the immune response [21]. In C.
estor in particular, Lactobacillus acidophilus has shown positive

effects in larvae growth and survival [22].

The spray-drying process generates microdiets (< 500 pm),
encapsulatingand protecting the ingredients with minimal chemical
modification. Nevertheless, the viability of cells such as probiotics
could be affected by the specific conditions (time, temperature,
pressure, oxygen and moisture level) of the spray drying process,
the specific strain [23,24], and possibly even the microparticle size.
Microdiet handling conditions (i.e., storage conditions and water
salinity) may also alter probiotic viability before being ingested
by fish larvae [25]. The influence of these factors on L. acidophilus
viability in microdiets for feeding aquatic organisms is currently

unknown and could be relevant for larviculture feeding.

Therefore, this study aims to evaluate the effect of the spray
drying process, storage time and marine water culture medium
on the viability of the Lactobacillus acidophilus probiotic strain
encapsulated in small microdiets (23 pm average) for feeding fish

larvae.

Materials and Methods

In the present study, two experimental isoproteic, isolipidic
and isoenergetic microdiets were formulated and elaborated at
Laboratorio Nacional de Nutrigenémica y Microbiémica Digestiva
Animal (LANMDA), Universidad Michoacana de San Nicolas de
Hidalgo, Mexico, as previously described in another publication
[22]. The first microdiet was supplemented with Lactobacillus
acidophilus La-14 (FloraFit, Dupont, Mexico), and the second was
used as a control diet (without L. acidophilus supplementation).
Both microdiets were formulated to contain 520 gKg-1 protein and
220 gKg-1 lipids (Table 1). Proximal analyzes of the ingredients
and microdiets were performed according to the following AOAC
(2000) methods and equipment: moisture (Fisher Scientific
Isotemp oven), crude protein (Leco FP-528, Dumas method;
Ebeling 1968), crude lipid (ether extract; Soxtec Avanti 2050),
and crude ash (Fisher Scientific muffle furnace). All samples were

analyzed in triplicate (Table 1).

07

Experimental Diets
Control Lactobacillus
acidophilus La-14
Ingredients (g Kg-1)
Protein Ingredients ® 673.8 673.8
Cod liver oil 97.9 97.9
Canola oil 90.7 90.7
Soy lecithin 19.3 19.3
Corn starch 314 314
Guar gum 20.0 20.0
Mineral premix ® 15.0 15.0
Vitamin C* 3.4 3.4
Choline chloride ¢ 3.0 3.0
Vitamin premix ® 15.0 15.0
Othersf 30.5 30.5
Lactobacillus 0.0 2.98x10°
acidophilus (CFU mL-1)
Chemical Composition*
(gKg-1) (n=3)
Crude Protein 539.3+1.2 543.1+2.3
Crude Lipids 223515 2242+2.2
Ash 582+1.1 57.6 0.5
Moisture 299+ 0.8 30.7+1.2

Table 1: Dietary formulation gKg-1 (protein / lipid level 520 /
220 gKg-1) and chemical composition (mean * standard devia-

tion) of the evaluated microdiets.

aFresh California squid, fresh grouper fillets, dry krill (Tetra), egg
albumin (Abaquim S.A.), Whey Protein

Concentrate (WPC80; América alimentos), calcium caseinate (Ha-
bacuq S.A. de C.V.), wheat germ.

bMineral premix: macro elements and trace elements (DSM Nutri-

tional products).

L-Ascorbyl-2-Poliphosphate (AsPP), Rovimix®Stay C®35 (DSM

Nutritional products).

dCholine Chloride (DSM Nutritional products).

¢Vitamin premix (DSM Nutritional products).

‘Butyl hydroxytoluene (BHT: antioxidant), Crystaline Taurine,
Betaine, orozuz powder, apple extract.
8Chemical composition of the commercial microdiet was analyzed
in LAMNDA, Universidad Michoacana de San Nicolas de Hidalgo.
*Dry basis
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Micro-encapsulated diets were prepared by spray drying (Niro
Atomizer, Copenhagen, Denmark, MOBILE MINOR™ 2014, MM-PSR
model) with an inlet temperature of 185 °C, an outlet temperature
of 75 °C, and a feeding rate of 30 mL min-1, as previously described
in detail [22]. Before microdiet elaboration, the bacterial strain L.
acidophilus was cultured in MRS Agar Lactobacilli media (Difco
TM) at 37 °C for 24 hours. Subsequently, a sample of 1 mL was
taken from the culture medium, diluted in saline water (1:3), and
0.1 mL of the dilution was placed inside a Neubauer chamber to
count the number of bacteria per millilitre (CFU mL-1), using the

following equation

CFU mL-1= (Counted bacteria)/(Counted area mm2 * Chamber
depth mm))* dilution

The initial concentration of L. acidophilus (2.98 x 109 CFU mL-
1) was directly added to the homogeneous liquid mixture of the
supplemented microdiet ingredients before spray drying. After
preparation, both microdiets were packed in hermetic plastic
bags and stored at 4 °C. Probiotic viability was evaluated in the L.
acidophilus supplemented diet after 24 h of the spray drying and
every 15 days during six months of storage. The same procedure
was performed in the control microdiet to evaluate the presence
of lactic acid bacteria (LAB) during the trial to ensure no cross-

contamination.

Two types of agar culture media specific for LAB (17.5 g MRS
agar, Difco TM) were elaborated, one dissolved in 250 mL of ultra-
filtered marine water (35 g L-1) and the other in 250 mL of distilled
water. A 100 mL dilution (10-3) with 0.1 g of each microdiet (L.
acidophilus and control) was carefully spread in Petri dishes in
each culture media and incubated at 37 °C for 24 hours. Finally,
bacterial colonies (CFU g-1) were counted on a dark field colony

counter and calculated with the following equation

CFU g-1= (Number of colonies*Dilution factor)/Sample weight

The results obtained in these tests were normally distributed
and homoscedastic and were analyzed using one-way ANOVA, with
a significance level of a = 0.05. A Tukey posthoc test (a = 0.05) was

performed using Sigma Plot statistical software (ver. 14.5).
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Results and Discussion

The spray-drying process of the microdiet supplemented with
L. acidophilus did not impact the viability of the probiotic since
bacterial concentration was 2.88 x 10° CFU g*! after 24 hours,
representing about 95% of the initial concentration added to
the diet. The viability of the encapsulated strain in the microdiet
steadily decreased but only significantly (p < 0.038) at 30 and 45
days, irrespective of the culture media (Figure 1). The viability of L.
acidophilus was 1.99 x 10° CFU g* (69.1 %) and 1.94 x 10° CFU g*
(67.4 %) in ultra-filtered marine and distilled water, respectively,
after the 6-month storage period, compared to the microdiet 24 h

after spray drying.

There is limited information on the effects of the spray drying
process on the viability of probiotics such as L. acidophilus [26,27].
In this regard, ingredients such as whey protein isolates have been
shown to allow the survival of Lactobacillus plantarum during the
spray-drying process [28,29]. In our study, bacterial viability 24
hours after the spray-drying process was 95%, suggesting that the
microdiet formulation was a stable matrix (arguably by the Whey
Protein Concentrate (WPC-80), calcium caseinate and guar gum
content) which may have protected L. acidophilus during and after
the spray drying process, exposed to marine water, and up to 6
months of storage at 4 °C. Interestingly, despite a recent report that
confirms cell shearing of key surface factors of probiotics involved
in the adherence to intestinal cells and mucus by the spray-drying
process [30], better performance has previously been shown with
the addition of L. acidophilus in spray-dried microdiets in pike

silverside, Chirostoma estor larvae [22].

The results of the present study suggest that the probiotic strain
L. acidophilus La-14 remained viable (10° CFU) in microdiets for at
least six months, which are adequate bacterial counts to be used as
probiotics in fish larviculture [31,32]. This increases the possibility
of implementing new feeding strategies, such as using enriched
microdiets with probiotic strains capable of resisting salinity and
long-term storage, which can be applied in aquafeeds, live feed

enrichment and human foods.

Conclusion

Lactobacillus acidophilus resulted viable after the spray drying
process and can be stored for up to 6 months at 4 °C maintaining
an adequate CFU count (>10°) for its use in marine and freshwater

fish larvae microdiets.
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