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Figure 1: Electron microscope image of microcapsules (internal emulsification method)
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Figure 2: Electron microscope image of microcapsules (ionic gelation method)

AR



e s gial 5 o slaesls 5KV 580 OLSes 5 s

O 5 yeg,See YA So eV 50 Opeak (yoizren o3lail &S ojlail 2iSTy 095 5 (6 S ojlail s sga
5 0920 b dewlxe ieg,Sie VA LS g gl 90, Glp YT ple JSG5,L oKws b oo (6,5
90 a Ll JSlghd aojs 5 @ld olail iaSTy ol OgeY5 50 el oals &Y Jgam jo Sligs Ui,
P GladSs )3 S o) 9 (510 gl sl (b WAl @) beSSls 5l aoys A0 bawgie Jlab g,

Sl ol ools HLas O ae,s Ve haugie Had J3ls fedoel jo 9 eg S

Dy yiegSus P10V 5l S b gglus (o0) oSl

ous Gl 1y ©lyd alio gl had Slglyd ol o :Y Jgu
Table 3: Frequency of different diameters of microcapsulated particles

D (90) D (75) D (50) D (25) D (10) SLog i 009,
VYA VYA YIVA VI¥A AT S ogY
2 fIAF ¥IVY v/af viva 315 gmmd gl

»

(F9 OewY 99y o S (HAS10 Gomudgol gy el y Caouw) U guunsS 9 350 1 el iS5 98w g yKno 33 guad ¥ S
Feee X ‘sil.n.’j)}.!

Figure 3: Phase contrast microscope image of microcapsules (right image: internal emulsification method. Left image:
ionic gelation method)
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Figure 4: Particle size distribution and their frequency percentage by internal emulsification method.
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Figure 6: Lipase activity in different treatments on days 0, 30, 60 and 75 of the experiment. Different small alphabetic
letters in the same column show significant differences (p<0.05)
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Figure 7: Protease activity in different treatments on days 0, 30, 60 and 75 of the experiment. Different small
alphabetic letters in the same column show significant differences (p<0.05)
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Abstract

Technology of probiotics encapsulation is one of the newest methods to increase the stability of
probiotics. In the current study, the effects of encapsulation of Lactobacillus rhamnosus by
alginate/chitosan in two ways, ionic gelation and internal emulsification on nutrition and growth
performance and digestive enzymes activity in rainbow trout were evaluated. An experiment was
designed with five treatments each with three replicates. 600 juvenile average (£SD) initial weight of
25.53+.82 g were assigned to 4 treatments (each with 3 replications). Fish in T1 and T2 received
Lactobacillus rhamnosus encapsulated by lonic gelation and internal emulsification respectively, T3
were fed with alginate/chitosan enriched free probiotic diet, T4 received bacteria without any
encapsulation and control group. Fish were fed with experimental diets for 60 days and the study
continued for a further 15 days with basic diet in all treatments. Fish were sampled on days 30, 60 and
75 and food conversion ratio, protein efficiency ratio, specific growth rate, condition factor, weight
gain percentage and digestive enzymes activity (lipase, protease, trypsin and chymotrypsin) were
compared among the treatments. The lowest food conversion ratio (0.93+0.03) at day 30 was seen in
T2 which was significantly different from control treatment (p<0.05). Protein efficiency ratio values at
days 30, 60 and condition factor at day 60 were higher in T1 and T2, that this increase was significant
in T2 than control group (p<0.05). Also, the measurement of digestive enzymes showed the high level
of lipase and protease in microencapsulated treatments compared to other treatments.

It can be concluded that the microencapsulation of Lactobacillus rhamnosus by internal emulsification
with alginate/chitosan has significant effects on some of nutrition and growth performance and
digestive enzymes activity in rainbow trout and the use of this method to improve the performance of
the probiotic in rainbow trout is recommended.

Keywords: Microencapsulation, Lactobacillus rhamnosus, Alginate/chitosan, lonic gelation, Internal
emulsification, Digestive enzymes
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