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Mission of the USDA/ARS Research Team In
College Station:

Develop interventions to reduce epizootic
pathogenic bacteria in swine and cattle



Need for interventions

The gut of food producing animals and their
production environment can be reservoirs for
foodborne pathogens and antimicrobial
resistant microbes

« Foodborne pathogens and
resistant bacteria can
Byrd et al. 2002. Poultry Sci. 81: 70-74 Contaminate the CarcaSS - :
and can be disseminated in 2
environment

AN

« Postharvest interventions are running against a wall (i.e., hard to get
cleaner and better)

« Consumer demand for safe, high quality product



Preferred Qualities of Preharvest Interventions and
Antibiotic Alternatives

* Low cost and practical

* Easy to handle and administer
 Efficacious and safe

* Mechanistic and specific

 Amendable to varied production practices
« Cost recoverable



Practical challenges to development of

usable Iinterventions

iInterventions should, where possible, provide incentives for
Implementation by reducing costs associated with production
Inefficiencies and environmental emissions (increase production of
high quality products with less environmental footprint).

research should be balanced to include work with technologies near
to market such as those Generally Recognized As Safe (GRAS), as
well as fundamental research to elucidate mechanistically-defined
Interventions that can ultimately be exploited to provide efficacy over
the long-term.



Research with Essential Olls

Attractiveness of Essential Olls

PRACTICE TIP PEER REVIEWED )
Feed additives for swine: Fact sheets — prebiotics and Natural compounds that have history of

probiotics, and phytogenics use and may be viewed favorably by
FDA

X Phytogenic feed additives (phytobiotics or
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Consequently may be more near to
market than strategies requiring FDA
approval



Mechanism of thymol and other
essentials olls

Available online at www.sciencedirect.com
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Essential oils: their antibacterial properties and potential

applications in foods—a review

Sara Burt™®

March 2004
Abstract

typhim
and 10 pl ml~"
fits

to achieve the same effect in foods. bles, fruit and

Thymol
Carvacrol
Eugenol
Perillaldehyde
Cinnamaldehyde
Cinnamic acid

MIC’s of 0.05 to 5 pl/mL against pure cultures
-higher concentrations needed when applied to foods
-mechanistically, thought to disrupt cell walls



Early evidence testing
Inhibitors of amino acid
metabolism revealed that
thymol can reduce
survivability of
Campylobacter

» Thymol and
Diphenyliodonium chloride
(DIC) have been studied
extensively for ability to
reduce the inefficiency of
ruminal amino acid
catabolism (Chalupa et al.,
1980’s)
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Results with swine gut populations confirmed that
thymol and DIC knock the “heck” out of Campylobacter
and ammonia production in mixed culture

This Project was funded by the National Pork Board.



Numerous In vitro (bench top) studies have
shown essential oils such as thymol to exhibit
_potent antlmlcroblal activity
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activity of selected essential oil components —
- B . . . Journal of Applied Microbiology ISSN 1364-5072
and binary combinations against the pig gut flora

ORIGINAL ARTICLE

Effects of thymol and diphenyliodonium chloride against
- Campylobacter spp. during pure and mixed culture in vitro
R.C. Anderson, N.A. Krueger, J.A. Byrd, R.B. Harvey, T.R. Callaway, T.5. Edrington and D.J. Nisbet
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Abstract

Aims: To determine if the purported deaminase inhibitors illphcmlu»lmnum
chloride ( } and thymol reduce the growth and surv of
Carmpyloba

Methods and Results: Growth rates of G bacter jguni and C

reduced compared to unsupplemented controls during culture in l\Tuelldr—
Hinton broth supplemented with 0 IC or thymol ml™ but not with

jejuni and Canp.

h pure culture in Bolton

broth :upplemeuled with or 10 pmol DIC ml™ or with 19 gmol
thymol ml™% Similarly, each test Campylobacter strain was reduced loy

CFU from controls after 24 h mixed culture with porcine faecal microbes in

Bolton broth supplemented with 0:25 or 10 pmol DIC ml™ or with 19 gmol

The work in this bottom paper was funded in part by the National Pork Board.



Limitations of essential oils like thymol as feed
additives Is that they are extensively degrade or
absorbed in proximal gastrointestinal tract

ci Fo 882

In vitro degradation and in vivo passage =%
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The work in this bottom paper was funded in part by the National Pork Board.

So bypass technologies are needed to deliver thymol to the lower gut



So we thought we could perhaps protect
\ thymol from rapid sbsoption by conjugating
/" to glucose with a f-glycosidic bond




Thymol-B-D-glucopyranoside ([3-D-thymol)
as a potential bypass additive

Material Studio by Accelrys Inc provided by the
Laboratory for Molecular Simulation at Texas A&M University.



Everted jejunal segments
to investigate absorption

Turn jejunal segments
Inside out and tie off.

So measures absorption
of thymol or thymol-f3-D-
glucopyranoside from
buffer to inside of tied-off
segments.




Thymol-g-D-glucopyranoside was translocated across everted
porcine jejunal segments less efficiently than free thymol

AGRICULTURAL AND

m Absorption of free thymol FOOD CHEMISTRY

m Absorption of thymol-beta-D-glucopyranoside

Ex Vivo Absorption of Thymol and Thymol-#-p-glucopyranoside in
Piglet Everted Jejunal Segments
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1 mM suspension buffer 3 mM suspension buffer

These results indicate that the conjugated form of thymol may resist absorption in
the proximal alimentary tract and thus pass intact to the lower gut where it can be
activated (hydrolyzed) by microbial expressed #-glycosidase

Petrujkic et al. 2014. J. Agric. Food Chem.



Thymol-3-D-glucopyranoside has little bactericidal
activity unless activated by -glycosidase expressing
bacteria

-o-Control --Control plus P.distasonis
<F+Thymol -&-Thymol plus P.distasonis
-/~Thymol-B-D-glucopyranoside -&-Thymol-B-D-glucopyranoside plus P.distasonis

©
o

(®)]

(@]
(log4o CFU mL1)

(log4o CFU mL-1)

*

Campylobacter jejuni conc'n

e
6}
c
(®]

O
<

=3

=

i)
O
@®

Q

o)
=
Q
=
©
O

24 36 24 36
Incubationtime (h) Incubationtime (h)

-In pure culture, viable cell counts of Campylobacter jejuni were reduced in cultures treated with
thymol but not in cultures treated with thymol-B-D-glucopyranoside (Fig. A).

-Conversely, when co-cultured with a B-glycosidase expressing Parabacteroides distasonis (Fig.
B), growth of Campylobacter jejuni was inhibited in cultures treated with thymol and in cultures
treated with thymol-B-D-glucopyranoside.

This work was funded in part by the National Pork Board.



Mixed populations of pig gut microbes also possess
sufficient B-glycosidase activity to activate
(hydrolyze) the conjugated form of thymol
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These results indicate that there is significant ammonia inhibition with
thymol and thymol-B-D-glucopyranoside.

This work was funded in part by the National Pork Board.



Results from two separate animal studies
were not particularly encouraging

Table 2. Effect of oral beta-D-thymol treatment on gut NN-resistant
Salmonelia Typhimurium and generic E. coli in weaned swine.

Table 3. Effect of oral beta-D-thymol treatment on gut NN-resistant Salimonelfia Typhimurium and
generic E. coli and Campylobacter species in weaned swine.

-D-thymol treatment®
Hour:
oot favel administration
(mgfkag live body weight)
None 17 51
Salmonella Typhimurium
Cecal 270
Rectal 2.10
Escherichia coli
Cecal 529
Rectal 473
Campylobaclter species
Cecal 404 413
Rectal 348 376

} 6 and 6 pigs for 0, 17 and 51 mg/kg live body
0, 17 and 51 mg/kg live body weight per day ¢

Main effects

Treatment Time Interaction  SEM

05396

04818

0.2308

0.0100

02144 01232
0.8103 0.0150

per day at 16 h posttreatment and 6, 5 and
h post treatment, respective

This work was funded in part by the National Pork Board.



Investigating three hypotheses as to
why the B-D-thymol did not work

The first hypothesis is that thymol may be sequestered within in the gut
environment such as in fat complexes or within microbial cells
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Evidence in support of this hypothesis
IS that lipids markedly decrease the
bactericidal activity of free thymol.

Presently looking at ways to potentially
overcome hurdle by adding emulsifiers
to break up fats or extra calcium which
might bind to the fat.

This work was funded in part by the National Pork Board.



Second hypotheses, (3-D-thymol may
still be to small and even though
absorbed more slowly than free
thymol it not make it all the way to
the cecum and large intestine

We are looking at making
conjugates with larger side chains
and more binding sites for thymol
to see If this may promote
passage to the lower gut

Thymol-B-bD-glucopyranoside
(B-p-thymol)

This work was funded in part by the National Pork Board.



The third hypotheses is that the (3-D-thymol hydrolyzing activity may
be too rapid or too slow to achieve optimal liberation of free thymol
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Evidence in support of this hypothesis
IS that the thymol is liberated very
rapidly in the poultry crop which has a
relatively shorter retention time than the

pig gut.
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Potential ways to overcome this may
be to employ additional encapsulation

I I Crop Cecal Crop Cecal
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Another approach we are investigating Is to use
natural sources of thymol as these may contain
thymol in naturally-conjugated or protected forms

Nigella sativa
Black cumin seed

- A natural source of thymol
derivatives as well as a number
of other phytochemicals

Thymoquinone

https://en.wikipedia.org/wiki/Nigella_sativa

Thymohydroquinone



Investigated in the Middle East as a feed additive poultry
and small ruminants

Generally finding
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pe rfo rm an Ce an d SO m e (Nigella sativa L.) Seed on Produective Performance of Laying Hens

M. Hassan and A.A. Alagil

microbiological " vina srd P
m e a.S U re m e ﬂ tS C . di : o v, Department .-.;_r,mmn; .:,.r:.;;_pﬁﬁ{: Fr.-wf:u.‘l-ion., c

]

Elsevier Scientific Publishers Ircland Lid

thtle If any prlor Work Studies on the antimicrobial activity of Nigella sativa seed
] ]

(black cumin)

has been done with pigs!

The Journal of Animal & Plant Sciences, 25(2): 2015, Page: 372-379 iniversiiy, Cuiro, Giza {
ISSN: 1018-7081

ENTATION OF ACETONE EXTRACTS OF NIGELLA \g extract/disc) caused concentration=
OLESTEROL AND PATHOGENIC INTESTINAL
TERIAL COUNT IN BROILERS

mencgative bacteria represented by
¢ veast Candida albicuns. The extract
macteriul action with spectinomyein,
The Journal of Animal & Plant nc nd sulphamethoxyzole-trimethopnim

nces - G
ISSN: 1018-7081 on in m . s e b
- bandhu Sheikh Mujibur 1" 7 when injectod ut the sit

. and M.A_ Hossain*

Review paper
zipur 1706, Ba

hammad Danesh
NUTRITIONAL AND ZOOTECHNICAL ASPECTS OF NIGELLA SATIV:
ilar Biology, Bangladesh
E. Longato. G. Meineri and P.G. Peiretti’ author's Email address: tofa

tone extracts in diet on feed

population of intestinal microflorz A total 168. day-old broiler
y prepared feeds supplemented with 0, 1 d powder or 0.
The experiment was conducted in a complete randomized

important
dial and ant

ht have potential as an alternative to hazardous
mponent r . : aulate lo friendly diet for the broiler



Results from just completed studies in our
laboratory

Bench top studies confirmed dose-dependent antimicrobial
activity against E. coli, Campylobacter and Salmonella

- Higher doses needed for Salmonella

Preliminary animal study with nursery pigs administered Nigella extract
via oral gavage provided supporting evidence of a positive effect
against E. coli
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1X dose in gavage study is equivalent to a dose that
would be expected if mixed 0.15% with diet DM

This work was funded in part by the National Pork Board.
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Negative effects against total culturable anaerobes (good fermenting
bacteria) were not observed.

This work was funded in part by the National Pork Board.



Results from a follow up animal feeding

study with weaned pigs

Again showed evidence for a positive treatment effect in reducing
gut concentrations of wildtype E. coli and Campylobacter
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This work was funded in part by the National Pork Board.



But not against our challenge strain of Salmonella Typhimurium

WHiia 1X dose in feeding study
m 1X Nigella extract = 0.15% diet DM

3X Nigella extract
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Positive effects of feeding Nigella extract
were observed on piglet performance

Total feed consumed (g) Gain per pen (g) Average daily gain (g)

None 1X Nigella extract 3X Nigella extract None 1X Nigella extract 3X Nigella extract None 1X level of Nigella 3X level of Nigella
Treated pigs ate slightly Treated pigs gained Treated pigs had higher

more feed more weight average daily gain

Feed conversion ratio (intake/gain)

1X dose in feeding study
= 0.15% diet DM

None 1X level of Nigella 3X level of Nigella
extract extract

Treated pigs had a
better feed conversion

This work was funded in part by the National Pork Board.



Summary

Essential oil compounds have demonstrated
antimicrobial activity but their rapid adsorption and high
solubility in lipid limits their efficacy in animals

Attempts to protect free thymol using glucose conjugates
have not overcome these limitations

Use of extracts of Nigella sativa have shown promise in
reducing E. coli and Campylobacter but not Salmonella

« Greater range of concentrations and terminal application may be
needed to achieve efficacious reductions in Salmonella

Positive effects of Nigella extracts on animal
performance may allow recovery of costs of use

« Longer term studies with different extract preparations are
warranted to more clearly define potential benefits
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