Alternative strategies to control multi-resistant
enteric pathogens and improve performance in

swine: focus on enzymes, essential oils and
1-monoglycerides
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Antimicrobial resistance (AMR): the issue
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New resistance mechanisms will likely to emerge in
future: the discovery of mcr-1 and mcr-2 genes
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The gene mcr-1 cause an important and rapid The gene was first identified in
antimicrobial resistance. It can be transferred between bacteria (Enterobacteriaceae)
different type of bacteria é in South China
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Micro-organism may became resistant to:

- Antibiotics chemically related (Colistin, Neomycin and Kanamycin)
- Antibiotics chemically unrelated (Erythromycin, Lincomycin)
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Antimicrobial resistance (AMR): the focus

T 24 1 -

Colistin and Lincomycin
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Largerly used in post-weaning and fattening period to control E.Coli, Salmonella spp. and
Brachyspira hyodysenteriae
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Colistin is actually the last option of treatment against deadly bacteria in human
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Antimicrobial resistance (AMR): the focus
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The European Medicines Agency (EMA) Member States should reduce the
has recommended that colistine-

containing medicines should only be used
as a second line treatmentin animals

desiderable level (EMA 2016)
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colistin level below 1 mg colistin/PCU as
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Over the course of the next 3 years, all Member
States should reduce the use of colistin in animals
to to a target level of 5 mg colistin/population
correction unit (PCU)

FEARRIFEN, FrA kR EE RN 12 R
TEEHEZE5mg/PCU




Antimicrobial resistance (AMR): the future
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Deaths attributable to antimicrobial resistance every year by 2050
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North America '
317,000 |

Latin America .~
392,000

' Oceania
22,000

Africa
4,150,000
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Source: Review on Antimicrobial Resistance— 2014 /g




Antimicrobial resistance (AMR): the alternatives
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During last years several products were identified as possible alternativesto
antimicrobials:
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Acidifiers for Plant extracts and
water and feed essential oilstE %)
7K AR A5 BV AN RS TH

Probiotics and
prebiotics
mAeERMmAETT 1-monoglycerides of short
and medium chain fatty acids
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Enzymes and essential oils: trial
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Jiang X.R., et al. (2015) investigated the hypotesis of an improved gut enviroment of post-
weaning piglets when administered a blend of essential oils (EO; thymol and
cinnamaldehyde) and an enzyme combination (XB; xylanase and B-glucanase)
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To asses the effect of dietary treatments some parameters have been evaluated:
N HEARBERRCR, BWEL b iEts:

- BFEYIEALEE Faecal nutrient digestibility

- WA YIE % E Microbial counts

- [El gk iE JESS leum hystology

- RAEET BT ZEE FIX Inflammatory mediators gene expression




Enzymes and essential oils: experimental protocol
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Number of animal: 192 weaned piglets

RIGALFE (42K) Treatments (42 days):
— X B 4H Control Group (basal diet)
— ¥ 4H EO Group (basal diet + 0.05 g/kg essential oils)
— E§ #1551 40 XB Group (basal diet + 0.1 g/kg enzymes)

— F5 M +EFH177) 4 EO + XB Group (basal diet + 0.05 g/kg essential oils +

0.1 g/kg enzymes)
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HWLZERK: 21 Digestibility experiment: 2 periods
B (F15-21 ) ; F B (F29-35%)
(period 1: days 15 to 21; period 2: 29 to 35)

1£5520. 21. 34, 35 KRINEHE(F
Feaces were collected on days 20, 21, 34 and 35
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Enzymes and essential oils: results Z
B
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On day 42, six piglets form each test group were slaughtered

Fa2K, BIMCEHEFCKITIE

Treatment 4b 3
CTRL | EO XB FO+XB SEM |P-value
NEB | fBd | BEE |5+ EF
Day 0-42 §£0-42%
ADG HiEE 426 430 415 381 15.2 0.1
ADFIHE&E| 751 | 732 | 743 650 27.9 | 0.052
G:F BElt 057 | 059 | 0.56 0.59 0.012 | 0.2

ADG = average dailv gain; ADFI = average dailv feed intake; G=gain; F=feed.

ln=4 8(12pens/treatment).

*CTRL = basal diet without supplementation; EO = CTRL + 0.05g/kg EO (thvmel and cinnamaldehvde); XB = CTRL + 0.1
g/kg enzvimmes XB: EO + XB= CTEL +0.05 g/kg EO + 0.1 g/Kkg enzvmes XB.

EO, XB and EQ+ XB supplementation did not affect (P>0.05) piglets growth performance
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Enzymes and essential oils: results

Table Il — Effect of essential oils (EO), enzyvmes (xyvlanase and f-glucanase (XB)) or EQ +XB supplementation on
faecal microbiological counts (Logl® cfu'g) of weaned

Treatment (Ir)* P-value
Ttems CTRL EO XB EO+XB ook Tr Time@ Ll
Closmidia
Day 0 6.02  5.57 5.53 5.72 0.31 0.85 W01° a6
Dayv 14 5.31 5.46 6.23 5.0 _______,f"'_f,_.f"
Dayv 42 6.38 6.8 6.55 6.58 7, #,f"
Escherichia coli ﬂ_,“' _..-“’
Davi 9,02 §5.50 ~—11.X3 ﬂ_ 24 0,01 0.16
Dayv 14 6.94 7.1% /'-
Day 42 6.71*  6.44% P |
Lactobacillus (Lea) al
Day 0 8,55 8,26 0.18 0.03 0.61  0.31
Dav 14 5.04s 5.69ab
Day 42 8.86» 8320
Coliforms (Co)
Dav 0 10.00%" g 3gs* 10265 997 0.24  =0.01 =0.01 0.02
Day 14 8.38%* 780  s64m §.22sb;
Day 42 3.200 72000 5.0)6: T.2apke
La:Coa
Day 0 0.86* 0.9+ 0,84+ 0.86* 0.04 0.19 <0.01 0,02
Day 14 LO7=t* 3 34=t o plogt 1.00sb+
Day 42 109 205 ) 208 ) 1.17abg

ab Means listed in the same row with different superscript are significantly different (P<0.05).

*.*.2 Means listed in the same column with different superscripos are significanthy different (P<0.05).

Test on the means of diet = thme Mmteracrion: Means lited in the same row with different letters, or in the same column with different
symbols, are significantly different (P=<0003),

‘n=48 (12penstreatment).

*CTRL = basal diet without supplementation; EQO = CTRL + 0,05 g’kg EQ (thymol and cinnamaldebyde); XB=CTRL + 0.1 gkg enzvmes
XB: EO+XB=CTEL + 0.0 ghkg EOQ + 0.1 g'kg enzyvmes XB.
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Dietary XB reduced the
) faecal Latobacillus and

L1 E.Coli counts
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All the additives
supplementations
decreased the counts of
faecal Coliforms at day 42
(P<0.01)
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Enzymes and essential oils: result
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Treatment (Lry

Ttems CTRL EO XB, 0"  sem  Pualue
Villus height (um) EERE 397 391 410 372 20 0.60
Crvptdepth (um) e R 337 313 296 297 12 0.09
V : C ratio wEfaE 1.19> 1.262>  1.40° 1.2620 0.05 0.048
Total area of lymphatic follicles (Pever's patches) &

, TR 49 050 0.43 0.51 0.04 0.39
(mm)  HELBER (mm2) 8 :
Lyphatic follicles number (Pever's patches) (n'mm? 133 | 0.00| 1.10% 0.03b 0.05 <001
mucosa)  jELEHE - ;
Mucosal macrophages number (n'mm? mucosa) 283 . S6° 1100 25 =0.01

a,b Means listed in the same row with different superseripts are signifi

In=4 8(12pens/treatment).
*CTRL = basal diet without supplementation; EO=€T

XB supplentation reduced the mucosal
macrophages number (P<0.01) in the
ileum
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_ + 0.052/kg EO (thvmol and cinnamal
g/kg enzymes XB: EO + XE = CIRL _;[l.ﬂé'g’:l'{g EO + 0.1 g/kg enzymes XB.
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EO and EO+XB supplentation decreased the
number of lymphatic follicles and mucosal
macrophages
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Enzymes and essential oils: conclusions
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» Despite the positive results obtained over the
intestinal histometry in treated animals, no
performance improvement, neither enhanced faecal
nutrients digestibility were observed
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* The pro-inflammatory interleukin (IL-1a) was dowregulated in piglets
treated with EO+XB compared with the EO group. This suggest that the

synergiccombination may have a potential to modulate the expression
of proinflammatorycytokines
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1-monoglycerides of fatty acids: trial
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Aim of the trial: i 35%¢ H H

- To asses if 1-monoglycerides of short and medium chain fatty

acids may contribute to reduce the impact of ETEC-F4 E.Coli
strain

gf&? 1- v hg B AR I I H VR S A2 5 BE PR RETEC-FA K H A I
R

- To asses if 1-monoglycerides of short and medium chain fatty

acids may contribute to limit injectable antimicrobial
treatments in post-weaning period
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1-monoglycerides of fatty acids: trial [~
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« 13433L4F% Number of animal: 1343 piglets
« HJUHIYE: 7.7kg Piglets starting weight: 7.7 kg
« PESHA: 52K Trial duration: 52 days
« R Treatments:
— XTH&4H - 6653k Control Group — 665 piglets (basal diet)

- R H-678k (GEulHAR+KK P EIN2ke B H W Bs/t )

Treated Group — 678 piglets (basal diet + 2 kg of 1-monoglycerides /ton of drinking
water)

The feed of both groups was supplemented with 3200 ppm of ZnO up to 25 kg of live
weight
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1-monoglycerides = the prud uct is composed by a mixture with a specific ratio between

1-monopropionin, 1-monobutyrin, 1-monocaprylin, 1-monocapri and 1-monolaurin

(produced by SILO S.p.A. —Florence / Italy)
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1-monoglycerides of fatty acids: results
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Number of Injections

Control group 1-Monogycerides group
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In control group 53 piglets were
injected with enrofloxacinand / or
cefquinometo control diarrhea
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In the 1-mon5g?ycerides group only 5 piglets were

injected

Il

iR AH P H ALK




1-monoglycerides of fatty acids: results

Mortality (%)

35 T

Control group 1-Monogycerides group

Mortality caused by enteric diseases was 3% in the control group and 1.5% in the
1-monoglycerides group

xF e 40 H a2 S B RISET-F 3%, i KAH R H1.5%




1-monoglycerides of fatty acids: results
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W Control group

B 1-Monogycerides group

E.coli Salmonella spp.

Bacteriological investigations in intestinal tracts showed a reduction in detection of "i_
pathogens in 1-monoglycerides group compared to the control group Il S
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1-monoglycerides of fatty acids: Conclusion
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1-monoglycerides resulted to be effective in
reducing injectable treatments for controlling
mortality rate and the isolation of pathogens
in intestinal tracts of death piglets

56 45 R W 1- 5 H T e BE A R b iAE R
BT IR, ERPLTR, DT mEN

-_— wmw -_—va v

i R -
3



1-monoglycerides of fatty acigs: nutritional aspects

1-BHMEs: BHRIE

The product used in the trial contains 1-monobutyrin which has:

W% P H -8 ] R H mEad A L MMER

A& 3 2H 21 1 & 14 A= A positive angiogenetic effect on tissues

& 3t 2% FE A1 Positive effect on villus growth

& 3t B & EFHEH H I IA Positive effect on refosforilation of protein composing
tight junctions

A EWHF R &5 Positive effect on reparation of injuries caused by

harmful bacteria

. Y N : A
1 1;3... B \ .- £ ¢ i . R, ' s —
Small intestine Small intestine S
Before 1-Monobutyrin After 1-Monobutyrin



1-monoglycerides of fat'gﬂyﬁacids: antibacterial aspects
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In Vitro trials conducted by IZSLER
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TABLE IV - MIC of 1-Monoglvcerides and organic acids at buffered pH 6-7

SN Lactobacillus
pH Sall}:lune!la Clostridium E Coli el /
Tyvphimurium p.
plantarum

1-Monoglycerides 4.5 0.06% 0.01%  0.12% No inhibition

1-Monoglyvcerides 7 0.06% 0.01%  0.12% No inhibition
Formic Acid 6 1.5% 1.8% 1.6% ==
Propionic Acid 6 2.4% 2.6% 2.5% ==
Sodium Butyrate 6 2.8% 3%  2.9% ==

The results of the in vitro test show that concentrations of 1-monoglycerides from
0.01 % to 0.12 % inhibit at pH6 the growth of pathogenic bacteria, whitout inhibiting

beneficial bacteria (Lactobacillus) iT:
PRHMRIR 25 532 9H0.01%5%0.12%111- L H VB o] LIZEPHe T ilH1 A ER M4 K, S
T X A 2 B Aoz




Fatty acids: antibacterial aspects
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Chemical Status Anhtibacteria action
RS MEEH

pH 3 — 4 (stomach B)

pH 6 — 7 (intestinal igi&

RCOO H*

/

Un-dissociated

kues o o Yes

Dissociated N o
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RCOO

Can penetrate the bacterial membrane

e 178 X 4 B 4 A

Can not penetrate the bacterial membrane
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1-monoglycerides of fatty acids: mode of action - Gram
positive bacteria
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Control sampleX{ & AbFE Bacteria cell afterexposure to
v : prs LA E e e
. | Streptococcus [rzGEEESE
N EERE W) L
*y P

C [00nm D 100 nm

RACRAREN EEGARES SENAEEZ - ARRIF(G). EADXRHEZITI0mMA]
BHEELCEOmInEHN REAMEEBAER. 7 LEZIAmER —EF L.

C picture shows cell from the control samples with intact plasma membrane and intact
cytoplasmic granules (G). D shows a cell from samples treated with 10 mM Monoglyceride for 30
min, demonstrating disappearance of plasma membranes and cytoplasm granules. Some changes

can be seen in the cell wall as well.




1-monoglycerides of fatty acids: mode of action - Gram
negative bacteria
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Membrane permeabilization caused by
monoglycerides (8 mM]) treatment on E.Coli

BHMmEALEKETE, SEHARRTE

Hyldgaard M., et al 2012
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Control X} & Treated 2 FE Treated b ER

240 min




ConclusionZ 4

The administration of EOQ, XB and their synergic combination, was effective in improving
ileum hystology in terms of villus / crypt ratio in post-weaning period
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EO+XB supplementation might benefit the modulation of the expression of

inflammatory cytokines 15 Yl A1 fg BX-o-15 A o] PLA B0 W R AEH F R RE

1-monoglycerides of short and medium chain fatty acids proved to be effective in fighting
Clostridium perfringens, Salmonella spp, ETEC-F4 E.Coli
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l-munuglycerai‘;an ;"u;t inhibit beneficial bacteria as Lactobacillus
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1-monoglycerides supplementation proved to reduce injectable treatments to
control diarrhoea in post-weaning piglets
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