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‘ Chemical protection Heat treatments

How to bypass the rumen Some nutrients are spray-
dried to create a physical

Ezophagus barriel‘

protective polymers sl ﬁ,}
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Proteins or amino acids are
complexed with polymers
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Proteins or amino acids are

ethyl cellulose . .
mixed with fat



Essential oils?

Rumen modifiers

Promote rumen = o _ | Reduce rumen
digestive ability ) I3 = I digestive ability

Modify rumen Modify GHG
microbial 4 g
fermentation production

Modify rumen Dose-dependent effect

pn;LCJ&'::?)L often not necessary in the

rumen




. Development of a multiparticulate system
Al m using prilling/vibration technique for the

delivery of essential oil

outh

Esophaous

SbomasuUm Reticulum

Shell or core made of a polymer or polymer blend resistant to ruminal
degradation, using time-responsive or pH-responsive polymers




Materials and methods

P[ 1 . ‘ Preparation of the emulsion and its stability study |
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/ 2 Selection of suitable polymers |
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(for both the core and the shell)
Selection of operational parameters (flow

tracer terpene rate, frequency, electrodes, nozzle
99.998 % limonene diameters, consolidation bath) and

optimization of the production process

, ‘ Characterization of the produced microcapsules




1 . ‘ Preparation of the emulsion and its stability study

stable




Selection of suitable polymers (for both the core and the shell) |

2.
Selection of operational parameters (flow rate, frequency, electrodes, nozzle diameters,
consolidation bath) and optimization of the production process

Characterization of the produced microcapsules |

Eudragit® E PO: Amino Methacrylate Copolymer : v :
o L L0
’N‘CH3 - Mot

— Sodium alginate emulsion (high viscosity) 1% + limonene [2:1 v/v] + Eudraglt EPO [1:2 v/v]

1g beads= 657 pL limonene Operational parameters
Yield =44.81% Nozzle: 450 pm 12mL/min
Matrix Frequency: 1200 Hz
Electrode: 1000 V .
. Consolidation bath: Liquid Nitroge

Sodium alginate emulsion (high viscosity) 1% + limonene [2:1 v/v] + Eudragit EPO [1:4 v/v]
—+  |g beads= 554 pL limonene Overati
perational parameters

Yield =70.52% Nozzle: 450 pm 7mL/min
Frequency: 1400 Hz
Electrode: 1200 V
Consolidation bath: Liquid Nitrogen




2 . | Selection of suitable polymers (for both the core and the shell) |

Selection of operational parameters (flow rate, frequency, electrodes, nozzle diameters,
consolidation bath) and optimization of the production process
4.

Characterization of the produced microcapsules |

[ CHs, CHs CH, i
Eudragit® E PO: Amino Methacrylate Copolymer : v :
A
CH;N\CHs CaHo CHs
- ~n
Core-shell Sodium alginate emulsion (high viscosity) 1% + limonene [2:1 v/V]

Shell: Eudragit EPO (10.72% w/v)

i

P 1g beads= 558 uL limonene

i
N é Yield =49.97%

Operational parameters

Nozzle core: 450 um 7mL/min
Nozzle shell: 600 pm 12 mL/min
Frequency: 1200 Hz

Electrode: 1000 V

Consolidation bath: Liquid Nitrogen




Selection of operational parameters (flow rate, frequency, electrodes, nozzle diameters, I

2 . | Selection of suitable polymers (for both the core and the shell) |
consolidation bath) and optimization of the production process
|

Characterization of the produced microcapsules |

Eudraguard control®: neutral copolymer based on ethyl acrylate and !
methyl methacrylate J 0 g°

Core-shell Core: Sodium alginate emulsion (high viscosity) 1% =+ limonene [2:1 v/V]
Shell: Eudraguard control (30% w/v)
Sh“ i Il Core 1g beads= 327 pL limonene

U \, Yield = 74.77% + 2.74

Operational parameters

Nozzle core: 450 pm 10.5 mL/min
Nozzle shell: 600 pum 4mL/min
Frequency: 1100 Hz

Electrode: 800 V

Consolidation bath: Liquid Nitrogen




x400

500 um x60 200 um

Matrix x60 1 mm x180

3
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x180 500 um x180 500 um x400 200 um

Core-shell 60 7 mm x180 500 um 60 1 mm 200 200 um

x60 1mm x180 500 um x60 1 mm x180 500 um

microparticles surface cross-sections



In vitro digestion

Pool of 4
slaughtered beef

1

Rumen Fluid

Ankom daisy

0.5 gof microcépsules 14 bags for each
for each bag vessel



In vitro digestion

triplicate

6 hours 12 hours

18 hours 24 hours




Disappearance and limonene quantification

solid-phase microextraction coupled

with GC-MS (SPME/GC-MS)

Limonene
Y =-0.344054+3.59027*X R”2=0.9932 W: Equal

80—

Area Ratio
IS ()
o o

N
o

s I T B

2 4 6 8 10 12 14
ppb

o

liquid-liquid extraction with petroleum

ether and GC analysis with flame-
ionization detection (LLE-GC-FID)



Statistical analysis

normal distribution Shapiro-Wilk’s test

Analysis of variance
(ANOVA)

Yik =H+a; + M, + g

yix = parameters (dependent variable)
U = mean

a, = replicate random effect (= 1,...3)

M = effect of the microcapsule (; = 1...3)
g = error

. Pairwais comparison
Bonferroni test botween thesis




Results

Disappearance
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Different letters show statistical differences among thesis: A, B, C, =P <0.01.



Results

Limonene concentration in the rumen liquid
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Different letters show statistical differences among thesis: A, B, C, =P <0.01.



Concluding

Eudragit® EPO, both in matrix and core shell, shows
low resistance in the rumen environment

Eudraguard control® core shell shows

great resistance in the rumen environment

Deeper studies should be done to confirm
these results and then try with in vivo studis
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