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Abstract 
 
This research aimed to test whether coating with Lactobacillus paracasei subsp. 
paracasei BGHN14 homogenate may increase soluble protein and amino acid 
amount on larval fish feed surface. Total amino acid and protein, as well as taste 
stimulating and growth promoting amino acid amounts were analyzed in coated 
feed samples. Results indicated that coating with BGHN14 homogenate increased 
the amount of soluble proteins and free Glycine on feed surface, as well as the 
availability of protein-bound (hydroxy-)Proline. This lab-scale research provides the 
basis for use of lactobacilli as resource efficient source of soluble nutrients for 
animal feedstuffs.  

 

Introduction 
 

Administration of inert feed to fish larvae 
substantially reduces the costs of fish farming 
(D'Abramo, 2002). However, inert feed does not have 
nutritive value comparable to live food. At first place, it 
does not contain satisfactory amount of water soluble 
nutrients (Tonheim et al., 2007). Although the reduction 
of soluble molecule level improves water stability of 
aqua-feeds, it is associated not only with lower 
appealing of feed to larval fish, but also to lower nutrient 
assimilation by larval fish, given the poor development 
of their digestive tract (Tonheim et al., 2007). Taste 
stimulation and palatability are ascribed to small water-
soluble molecules including peptides (Dong, et al., 2016) 

and nonpolar L-amino acids, mainly Glycine (Gly), 
Alanine (Aln) and Proline (Pro) (Morais, 2017). Gly and 
Pro have also been considered as functional amino acids 
for fish. These amino acids are traditionally classified as 
non-essential, but their endogenous synthesis in rapidly 
growing animals is not satisfactory. They are mainly 
deposited in collagen proteins in growing skeleton (Li 
and Wu, 2018). Though animal and plant protein 
hydrolysates may serve as a good source of soluble 
proteins and free amino acids, their incorporation in 
solid feed is highly challenging due to high leaching rate 
(Kolkovski, 2013). Use of bacteria as protein source has 
gained significant attention recently. It may increase the 
efficiency of resource use, thus supporting the green 
growth initiative put forward by most countries 
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worldwide (Matassa et al., 2016). Aside from providing 
proteins, bacterial cells can be manipulated to 
accumulate free amino acids using osmotic stress as a 
stimulant. Among others, Aln and Pro were reported as 
the most common compatible solutes in bacterial cells 
(Empadinhas and da Costa, 2008). 

The aim of this paper was to evaluate whether 
coating of larval fish feed with Lactobacillus paracasei 
subsp. paracasei BGHN14 exposed to osmotic stress 
may increase soluble protein and free amino acid 
amount, including Aln, (hydroxy-)Pro and Gly, in the 
surface layer of OTOHIME B1 fry feed. In line with our 
expectations, the results obtained in this research 
suggest that BGHN14 strain may improve soluble 
nutrient levels in larval fish feed, thus supporting the use 
of bacteria as eco-friendly animal feed fortifiers. 

 

Materials and Methods 
 

Strain L. paracasei subsp. paracasei BGHN14, 
which was shown to be safe for larval fish (Ljubobratovic 
et al., 2017, 2020) was used for the preparation of feed 
coating mixture. BGHN14 belongs to bacterial collection 
of the Laboratory for Molecular Microbiology (LMM), 
IMGGE and has been deposited in Belgian co-ordinated 
collections of micro-organisms (BCCMTM). Cultivation 
of BGHN14 was performed as described in Lukic et al., 
2019. Coating mixture was prepared by exposing 
BGHN14 culture in logarithmic growth phase to salinity 
stress (1 M NaCl) (Waśko et al., 2013) until reaching 
stationary growth phase (16 h). Afterwards, cells were 
collected, washed in 1 M NaCl solution and pulverized in 
liquid nitrogen in order to release intracellular 
molecules. Total bacterial amount in lysed BGHN14 
mixture was determined via dilution method (Lukic et 
al., 2019). Soluble protein and amino acid levels in 
homogenate were determined by Bradford reagent and 
Trinitrobenzenesulfonate (TNBS) (Pittner, 2002), 
respectively. For amino acid analysis, proteins were 
precipitated in 1 % trichloroacetic acid (TCA) at +4°C for 
10 min (low concentration of TCA was used in order to 
prevent the interference with TNBS assay); the 
efficiency of precipitation was estimated in a 
preliminary test by evaluating residual protein amount 
in precipitated samples via Bradford assay. After 
centrifugation at 14 500 relative centrifugal force (RCF), 
supernatants were mixed with 0.1 M carbonate buffer 
pH 8.5 and 0.005 % TNBS. Reaction (30 min of incubation 
at 37°C) was stopped by addition of 0.25 M HCl and 
absorbance was read at 420 nm. DL-Aln was used for 
calibration curve preparation. L-Aln and Gly amounts 
were assayed using commercially available kits (Cell 
Biolabs, Inc., San Diego, CA, US) and (hydroxy-)Proline 
(Pro) levels were estimated using ninhydrin assay 
(Carillo and Gibon, 2011; Friedman, 2004). Briefly, 100 
µl of prepared reagent (1 % ninhydrin in 60 % acetic acid 
and 20 % ethanol.), 70 µl of 96 % ethanol and 30 µl of 
sample precipitated in 1 % TCA were mixed, heated at 
95°C for 20 min, cooled and absorbance was measured 

at 510 nm. BGHN14 mixture (prepared as above) was 
diluted with 1.7 x volume of saline (per wet weight) and 
stored at -80°C before use. OTOHIME B1 larval feed 
(250-360 µm pellets, Marubeni Nishin Feed Co., Ltd., 
Tokyo, Japan) was coated with prepared BGHN14 
extract using solid state treatment procedure. Feed was 
stored up to three months at -20°C before experiment. 
Feed coating was performed on a small scale (50 mg of 
feed) using 260 % moisture percentage and 200 mg/g of 
wet bacterial mass (and was immediately placed in oven 
at 50-55°C for drying for 4 h) (Lukic et al., 2019). Total 
bacterial and BGHN14 growth was estimated on 
universal Luria Agar (LA) and MRS medium, respectively, 
via dilution method. Soluble protein and lipid content of 
the surface portion of feed granules were performed 
after fat extraction (Lukic et al., 2019), while amino acid 
amounts were estimated in non-defatted feed samples, 
in order to prevent the loss of L-Aln, Gly and (hydroxy-) 
Pro into the organic solvent phase (Reddy, 2019). Feed 
was tested before and after simulated leaching test. 
Leaching was performed by mixing of feed granules with 
water (20 mg of feed/ml) and rotation, using tube 
revolver at RT for 15 min, which is maximal estimated 
time for fish to consume the feed (Pattillo, 2014). 
Simulation of feed sample digestion in fish larval gut was 
tested as described previously (Minekus et al., 2014), 
with modifications. Feed samples before and after water 
washing were resuspended in 0.1 M Na-phosphate 
buffer, pH 8 (10 mg of feed/ml) and trypsin from bovine 
pancreas was added at a concentration of 100 TAME 
units per ml. Samples were incubated at 37°C for 2 h 
with shaking. Afterwards, samples were centrifuged and 
amino acid amount in the supernatant was analyzed as 
described above. All experimental analyses were 
performed in triplicates. Differences between 
treatments were estimated using t-test or Analysis of 
Variances (ANOVA) with Tukey post-hoc test. In the case 
of the violation of variance homogeneity (estimated by 
Levene test), Welch’s t or Welch’s F-test (with Games-
Howell post-hoc test) were utilized. Mean and standard 
deviations were calculated using SPSS 20.0 for Windows 
(IBM Corporation, Armonk, NY, US). 

 

Results 
 

Exposure of BGHN14 culture to 1 M NaCl was 
associated with an increase of free amino acid 
(15.63±1.48 vs. 5.04±3.06 in control, µg/mg of wet 
weight), (hydroxy-)Pro (0.00253±0.00043 vs. 
0.00035±0.00003 in control) and Gly (4.34±0.21 vs. 
1.11±0.52 in control) amounts in BGHN14 extract. 
Soluble protein amount was increased in feed samples 
coated with BGHN14 extract after 15 min of washing 
(0.62±0.2 µg/mg of dried feed) in comparison to wet 
(0.09±0.16) and dry control feed samples (0.07±0.1). Gly 
was increased in BGHN14 coated feed samples both 
before (6.27±0.33 vs. 4.75±0.74 in wet vs. 4.25±0.31 in 
dry control feed) and after washing (1.82±0.42 vs. 
0.86±0.26 in wet vs. 0.87±0.09 in dry control feed). On 
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the other hand, L-Aln levels were reduced but only 
before washing (0.29±0.11 vs. 2.41±0.65 in wet vs. 
2.38±0.56 in dry control feed). Survival of BGHN14 in 
coated feed was 7±2.6 x 104 bacterial cells per mg of 
dried feed sample. Total bacterial growth in coated feed 
(9.33±3.21 x 105) was not significantly different from 
(wet (18.33±3,51 x 105) and dry control (12±5.57 x 105).  

Trypsin in vitro digestion of feed samples resulted 
in an increase of free amino acid amount in BGHN14 
mixture coated feed samples (99.94±7.14 before and 
68.03±8.38 after leaching) in comparison to wet 
(72.60±5.42 before and 42.19±3.34 after leaching) and 
dry control feed samples (65.89±8.82 before and 
52.54±5.48 after leaching). (Hydroxy-)Pro levels were 
increased in coated feed both before 0.00454±0.00036 
vs. 0.00377±0.0002 in wet vs. 0.00378±0.00029 in dry 
control feed) and after washing (0.00132±0.00013 vs. 
0.00055±0.00004 in wet vs. 0.00056±0.00026 in dry 
control feed). L-Aln levels were decreased in coated feed 
before leaching (0.71±0.14 vs. 3.81±0.26 in wet vs. 
3.7±0.21 in dry control feed). 

 

Discussion 
 

Successful and safe use of lactobacilli in 
aquaculture so far, primarily related to pathogen 
control, makes lactobacilli excellent candidates for 
enrichment of fish feed with soluble nutrients 
(Hoseinifar et al., 2018). Exposure of L. paracasei subsp. 
paracasei BGHN14 to osmotic stress in this research 
increased intracellular Gly and (hydroxy-)Pro 
concentrations. Similarly, Glaasker et. al., 1996, 
reported an increase of Gly and Pro in osmotically 
shocked L. plantarum cells. Coating of larval fish feed 
pellets with osmotically stressed BGHN14 cells resulted 
in enrichment of the surface layer of feed granules with 
Gly. Gly in its free form can increase the taste 
attractiveness of larval feed, which may alleviate the 
process of early weaning in larval fish, given the high 
content of Gly in live food (Gallagher and Brown, 1975). 
The efficiency of enrichment of feed granules with 
target molecules may be compromised either by 
leaching of soluble molecules during the process of feed 
drying (Lukic et al., 2019) or by incorporation of amino 
acids into the bacterial proteins during bacterial growth. 
The latter requires the presence of live bacteria in the 
coating mix, so total inactivation of bacteria (e.g. by 
heating) in BGHN14 extract may potentially increase the 
efficiency of enrichment. 

Increase of Gly in BGHN14 coated feed samples 
was also noticeable after 15 min of exposure of coated 
feed granules to water, which served as a simulation of 
nutrient diffusion into the fish rearing water before feed 
ingestion by fish. Retention of soluble nutrients on the 
surface of feed granules is of special relevance for larval 
fish because of their poor stomach development and 
high dependence on soluble molecules present in food 
(Tonheim et al., 2007). In line with this, coating with 
BGHN14 extract reduced diffusion rate of soluble 

proteins, which also possess taste stimulatory effect 
(Dong et al., 2016). This can be explained by the findings 
of Zhdanov and Kasemo (2010), who showed that 
proteins bind to lipid bilayers via electrostatic 
interactions. Similar situation was seen with feed 
samples treated with live BGHN14 (Lukić et al., 2021); 
however, in this case, the retention of proteins after 
washing was lower, although the number of live bacteria 
was higher in comparison to homogenate. This suggests 
that lysis of bacteria may be the most important factor 
for the retention of soluble proteins on feed surface 
after washing. 

Soluble proteins retained on the surface of 
BGHN14 extract coated feed granules may act as a 
potential source of valuable amino acids important for 
larval growth. In line with this, simulated trypsin 
digestion of feed samples coated with BGHN14 extract 
released a substantial amount of amino acids. Since this 
release was observed both before and after exposure of 
feed granules to leaching, increased digestibility of 
proteins was probably not dependent only on their 
solubility. Trypsin activation by lipid bilayer has been 
reported by Mahmmoud, 2005. Furthermore, protein 
denaturation may occur during interaction with lipid 
bilayers, thus increasing their digestibility (Opstvedt et 
al., 2003; Zhdanov and Kasemo, 2010). (Hydroxy-)Pro 
levels were significantly increased after simulated 
trypsin digestion, indicating high content of protein 
bound (hydroxy-)Pro in larval feed. Levels of (hydroxy-
)Pro were significantly increased after coating of feed 
samples with BGHN14 extracts both before and after 
washing, probably as the results of increased protein 
digestibility and/or solubility. Gly amounts in BGHN14 
homogenate coated feed showed a statistical trend (P = 
0.059 before and 0.066 after washing) towards increase 
in comparison to dry feed samples. In contrast to 
(hydroxy-)Pro, this Gly is probably coming from the 
homogenate itself, since, according to the results of Gly 
measurement in trypsin digested control feed samples, 
it seems that Gly in larval feed is predominantly present 
in the free form. Alternatively, proteins containing the 
Gly may be resistant to trypsin digestion. 

An interesting observation is the reduction of L-Aln 
levels in BGHN14 coated feed samples not exposed to 
water diffusion test. Aln has an essential role in bacterial 
wall build-up (Wei et al., 2016). Its leakage from the 
surface of feed granules may lead to excess growth of 
pathogenic bacteria and biofilm formation on surfaces 
of fish rearing systems. It could be assumed that Aln was 
incorporated into the cell walls of BGHN14 during 
coating/drying procedure. Peptidoglycan synthesis has 
been reported by non-viable bacterial extracts (Egan et 
al., 2015), as well as in vitro L- to D-Aln conversion 
(Pierce et al., 2008). Comparison with feed samples 
treated with live bacteria (Lukić et al., 2021) revealed no 
association of Aln reduction level with viable bacteria 
count present in feed samples. However, the role of live 
or lysed bacteria in Aln depletion from feed samples 
remains to be investigated. 
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We note here that lysis with liquid nitrogen failed 
to completely inactivate BGHN14 cells (survival of 
BGHN14 in coated feed was 7±2.6 x 104 bacterial cells 
per mg of dried feed sample). As elaborated by Geciova 
et al., 2002, mechanical methods of cell disruption, 
though being quite efficient for the release of 
intracellular soluble molecules, do not completely kill 
bacteria in the sample. This can lead to non-uniformity 
of results due to variations in the viability of residual 
bacteria during sample storage. Therefore, it is 
necessary to perform detailed examination to 
determine the effect of feed coating with BGHN14 
mixture after different storage periods. 

 

Conclusion 
 

To summarize, this research demonstrated that 
application of lactobacilli homogenate increases the 
amount of free Gly and the availability of protein bound 
Gly and (hydroxy-)Pro in larval fish feed. It further 
contributes to retention of soluble proteins in larval feed 
after water exposure, suggesting the potential for use of 
lactobacilli extracts as encapsulation agents for the 
prevention of soluble nutrient leaching. This may 
promote feed acceptance and skeleton development in 
larval fish.  
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