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Physiochemical Treatment of Feed and Utilization of Feed Additives to
Control Salmonella in Poultry

Ji-Hyuk Kim', Hack-Youn Kim, Bong-Ki Kim and Gye-Woong Kim
Department of Animal Resources Science, Kongju National University, Yesan 32439, Republic of Korea

ABSTRACT Salmonella infections in livestock industry cause various problems such as worsening animal welfare and
productivity, damaging consumer confidence in the food safety of animal products. Chicken meat and eggs are known as major
source of pathogen causing human foodborne infections. Therefore food safety concerns have prompted the poultry producers
and governments to introduce the strategy and regulation to control these pathogens. Sal/monella can persist for long periods
of time in a wide range of spaces including feed bin, feed processing facilities, poultry farm, slaughterhouse, processing plants,
etc. For the effective and constant Sal/monella control, combination of pre-harvest, harvest and post-harvest measures should
be considered comprehensively. The control measures would be most effective at farm level where the contamination initiates.
Transmission of pathogen from feed origin to the live poultry and finally to the products was proven already. To control
bacteria in the feed ingredients and formula feed, thermal processing, irradiation or chemical treatment may be applied.
Chemical treatments to inhibit Sa/monella in the feed involve the use of products containing organic acids, formaldehyde, or
a combination of such compounds. However, recontamination which might occur during storage and transport process and/or
by other various factors should always be under control and eliminated. Feed additives used to control Salmonella in birds’
gastrointestinal track can be of various types, including prebiotics, probiotics, organic acids and bacteriophages. Although their
mode of action varies, they ultimately inhibit the colonization of Sa/monella in the gut and improve the performance of birds.
This review describes the strategies that could be adapted to the management of feedstuffs and the use of feed additives in
pre-harvest stage to control Sal/monella contamination in poultry farming.
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Table 1. Prevalence of Salmonella in different categories of
animal feeds'

Prevalence (%)

Category

2002~2006 2007~2009

Complete feed 9.4 ( 34/363) 5.6 (10/ 180)
30.9°(104/337)
188 ( 3/ 16)

12.4°( 19/153)

Feed ingredients 19.4%(40/ 206)
7.1 ( 6/ 34)
6.1(44/ 719)

8.4%(100/1,189)

Supplements for pets

Pet feeds

Total 18.1°(157/869)

' Source: Li et al.(2011).
2 Number of sample positive/number of sample tested.
*> Rows with unlike superscripts differ significantly(p<0.05).
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Table 2. Salmonella contamination of feed ingredient samples'

Feed ingredient N % positive
Corn 19 5.26
Cottonseed meal 2 100
Soybean meal (47%) 10 10
Meat and bone meal 1 0
Wheat middling 24 4.17
Limestone 1 0

! Source: Jones and Richardson(2004)
2 Number of assays.

= H 4 85T o]} Hojof Amdllgy AbE g37} 9l
Row, H 1)01717] 14]-:‘«] ‘HX] —"Oﬂ L-?‘Eé‘ =4
Z3F3Ath
ot & 2AKet "a]'—‘?—%‘j)r A= Xﬁ]ﬂé}—t— U=
=), BARK 2AME Bg famAE 11101-‘;— WAL ]
HkGy)oll mhe} F-2a 1 (radurization), B4 A t(radicida-
tion), £+t (radappertization) &2 YH T} Leeson and
Marcotte(1993)= # 4 5 kGyo] Aoz drde} Apdo]
7hsetAINE, Ardete] o e wel fhvpd 2Ate
ke 243l Folof ahH, 25 kGy o] d&Fe] 75 ¢
zo] x84 HE B4 A}, Aure] Tatg) uke-S gur
g dokar st WA Ak AR A EokddlAe
de] o] go] i glon, ofF Atg FofollAe Alde|u
H| & 5o AG=dER gl &8o] HA K3t Uk
X EHformic acid), ZZ23]-24HKpropionic acid) 52| &
714 Ats sy wiAabR e Adrdet oA £t e
Aoz o7 HMFEH <d#A $THHinton and Linton, 1988;
Garland, 1994; Carter, 2006; Koyuncu et al., 2013). f-7]4ke]
AR Y= MR 24, FEEE, B84 I, Ake]
I 24, 2% T wet @2t & Uk {714k AR
Ardiale] o] At A MUt s=E S Folof gt
d(Hinton and Linton, 1988), H]-&-o|u} 715/ A3} 5& &
A= A& mizAlRE Y= ARdel o AAE Y3 EF
At2 D 5o Ag3l= Aol AAdEtH(Cave, 1984). o] 3 &
714ke] Ardie}l 7hd 7 B3ke Als AR Y] ARdes
AAZToZH FHol AARE Fall ARdetdd s = A
of skt 7] Azte| Ak ey 35 ol
g A7t o] Ad el = AHg-gthe Blo] drelxlon
(Thompson and Hinton, 1997), f714ke] &4 FA1g A
S Asli7bA] maeld A O Ardae] A avs

-

Aokt Aoz

g



4 45 AR 2 ARME 58 ARde Al

weEE Ao gl oleg A Uelxel §714
ATk ARAH) RRAA o s dFekic
Ada) oA gyps) v A e o zhgo] wj- w
2 EZEA X EYH 8] =(formaldehyde)”} $)+=H|(Duncan
and Adams, 1972), 3tw] B} 718k 92 98] 2243
=5 f71HeF £t ARgsl7] e sielnh 1996wl =
FDACI M= 7}FALE 189 0.9 kgo| TELH T = AME-o
21497 AlRolA Ardert HEEA] gker, of
o 9A @om hdattta W SISITHEFSA, 2004).

ne o

F

FAFAEE 7]'3"}5;101] EELUSI = ARGl el ZAl
7F Sl T8 2K (Brown, 1996; Khan et al., 2006),

Babar et al.(2001)—3— At kg 10 g9 X2HA3B7% &
drs| 5y AHESIE W A9 AARAA G SA g
AT Bastgnt Bk ZEGdsEs 50 <
G AR ol FEFe n1E ¢ e, dlE 59 gholdl

OPUl‘—*JJP Hkgste] e o] 855 AstAlE & Utk
=

Sl z

A, aLolg;d wg = oi o] OH EU, 9% HAu
T7HE A AMgo] AlEE $AtH(Sheldon and Brake, 1991).
2 ZolA FET A ede] g ET g & g A
gom, et R dAd edgol Awde} oA at
2 5% 8} AtkBurt, 2004). L2} o A4
— QI3 Aol AHAd = glew, 7]
}‘_%’_%H]O]E Al oAl 9ol Tdlsle] Amula)
A 7= A3lehe A+= 5 AT Zhou et al., 2007).
ol gk %ﬂ%é* o|-&3st= 3}HA AehH2 At
ol et 1 Z3) AA 2ol F

1t} Carrique-Mas et al.(2007)2 52 S AR/ A
o Alg7} ofn] drdete] o] Hof e AF, Tl Al
o7t o#g F dom, Algte] Ao we} fafde] 5
Aol mE A ool AT F dvka FSAT g o
2] g %é%% %E-/] Zﬂlﬁ°ﬂ’\1 AL 'V?Sﬂﬂ‘ﬂ AR A,

at7] 91 =7 Apde] =

1 71er frelld e Alolahr] fl8l Als37delA HACCP
T4 S FLES 319 o (William, 2002), 1:? FDA(Food
and Drug Administration)ol| A = A rdlzl @ o] glE AlR

Arbe xR oAy 3 dakE A5k \’J(Mnchen and
McChesney, 1991). $-2lYgll A= 20053 FEH A3
HACCP A| =7} E]1= o] Ale) Folm, Al o] <F 4% o]
gold Ardal AEEo] &F 1% W2 1FAad o= 1
EFSTH(Choi, 2011).

N
o
o
%
Qo
_8
=
2
a
‘:‘._’.
)
S
n& .
%
o
=
S
=
=
&,
fr
Mo

Utk =l f714H
= =, Al- Chalaby et al. (1985)~ T8

Hrgk 7127 55 A A=

3L, Byrd et al. (2001)_ ol Al S

typhimuriums HE3FL(10° cfu), oM EAY, 22k L EAS
=7 W 0.5% H7iste] golgle wf adela] drdet 7t
a9s 7:.’\/\]53‘?}3" Eié}‘ﬁﬂr Abbas et al.(2013)2 L&
2EY g e Aele] S5 284 0.1, 0.15%E H
7hle o AR A, dd gl Wi sEo] /M El e, o
= ' FolA e gl AulelMe] fald Alels B¢ HY
3} A 17ke] el 7191E Ao g Fgeith 1yt

Saa)

_\|1_‘
30,
)
kel
PI
LB
2 &

] (Al-Chalaby et al., 1985), -f7]2toly} #2] &
s Tl ugt Aot g 4 gl
o] &lef &= ﬂ&ﬁk** IrkstetA ELE 0 F, Apeld 52

— X2
v
il
i)
ol
&
>,
>
e
tlo
offt
r (
] 2
b
<
q =
i
atta
tlo

&
By
By
It
g&

L

£ uf
2 552 A W ohel Alato] A4shux
R==xe) _15‘._3’/]—% Xﬂo]—/x]?]lji H]-O]_,_-é%_o] ﬁé@ﬂ?ﬂ
ok k. vl 0B

o 12
B D R (O o O

oy

AAAZ surfactin, glucose, halo-



Kim et al. : Feed and Feed Additives to Control Salmonella 5

genated furanones, 4(5)-aryl 2-aminoimidzoles, furocoumarins,

salicylates 52 EZE°]| ©]&5 1 I THTrezolo, 2011).
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Tl o]ZA A | Andle} F42 7HAAT 3 A
o] A HI FujAAd o 2] FRA AAHTAE EFS
2x] drdete] 4] - ke U 4 oK Van Coillie
et al., 2007). Van Coillie et al.(2007)& Ho2RE E3t
186 Z2| Lactobacilli T A3t 50A1%-2] = S (7714t
ALk Adrde} AA 5y, W& pHY EEAtd ol ek WA,
cell surface hydrophobicity &)& In vitro “gollA] A}k
o] 59| AAZA 9 7Fs/d-s BT in vitro Ao
Mehe 22 in vivo AN = th A A e Aot
Uged, 5 ATAELS AA WA+ in vitro A3 ol A
2AR 29 9o The eqlEel 9FE vHe 5ol
o, 2% o]} Lactobacillis &3 FoIshH AlUA] &
2 Qe drde} oA sEo] F7HE Ao r FHHETL
R Eel=t

Bifidobacteria® 7395 Lactobacilliol ¥|3] A7} A&
Helt} Rada and Petr(2000)= ] "7<llA Bifidobacteria
= Holole WS B 8kit) Rada et al.(2001)2 Zaju}
O|REI~RE inuling ©]83 Bifidobacterium 5 7M7)
T}l H 31138} 3, Thitaram et al.(2005) 57l isomal-
tooligosaccharide s w1 l& wf "7 W Bifidobacterium <+
7F S7beklaL, Ak A Zat lval Bkl

WAL el el

oo

18

2138t Enterococcus faecium J96-
in vitro’3N A S. pullorum, S. gallinarum, S. typhymurium 2
S. enteritidis®] 3742 QAP o, o] YA E 7t F}et
A WolglolAl vlg] Foista 24413 F S, pullorum(10°
ofu) & AFAS W, HF o] Fo] ARAZ TP Wolel5

o] 44 F HAlgE A 2] A& AAE3I tHAudisio et al.,
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1999). Carter et al.(2016) L. salivarius®} E. faecium 2 &
3 FostG S uf AFAI] A S enteritidis 73AS A2
Ao HaAFl o, 217] T Fo3l9S "ol A&
7 veh A ekkthal Haskit

azte] AT e T8l BH AeA] -2 lactic acid
bacteria®] fald A THE A AEES AL F

A5Ee] efeluh A AN A 21 e, WA
58 B3 o|RojR = Ao B 4 9lom, in vivo ’501]7‘1
SLAgE aats A7) el 3 7R mAEHTE oy

d ]
Tl MEEE BERHCR of g8k Aol 4l ¢ &
]

d Aom Atgd:

2 ofN ot o

3) F7|LHA|

714 (organic acids)= AHd& JER T
AE Q7S AAISt 2Fe] Fa) WA o A7 A=
Ak HEA R Fo] AREE oA git}. 714k ALs A 7HA]
20 A7 1960t T T did AlRdEE 2
ojld Sitolu =] ARl 09 A& sl Al&s
9THe.g. Khan and Katamy, 1969). Iba and Berchieri(1995)
= Tk Ardet & Mgl @9 Atsed 29 Kformic
acid)Z} Z 23] 24HKpropionic acid) EFANE FAA] A5}
W g w7347 Atk Bk

HA7HAZ 2ol f714F B2 T2 B4R H“F(short-
chain fatty acid)¥} &) x| %4+Hmedium-chain fatty acid)©] T}
ol frliEe] AdETe T SoldEs /A dom,
drdet A Edte FAHAARe] SRR T 7
3 Ao g A gl ef(Van Immerseel et al., 2006), ©|&
gk f714ke] ArdeEt A &l tiajA= 1 713 el thEl
A BEs] i Eo] A= LT Russell and Diez-Gonzalez
(1998)= FW] pH7} & o, 742k vhe|g]ofe] Al
oS- Ealsle] Al EE YolA] So]23) FAAE Y=,
A pHE SR Kl i glol= Al x4 59 pH
Hslol| met f714F Foles FASH HWA AdEsE
WAl skek o 3F T Van Immerseel et al.(2006)2 THA]®F
Akl BE] 2 Kbutyric acid)2 53] S FRoAE ARyl
ghte] ZdH-HAKinvasion gene) LHS 332 (down
regulate)d}H, SRk T2y Ak Andlaly) Ao
= A3zt stk
, 714 AH7F AL 1A e 2 s Alm Y

vl e9d Ardels AAlste A8 s olF &

—

= 17

2 RGN 2 BN7A 2 Ago] ASHET) 1
Pt o] 28lehe AuA Aol 23, F4E Qa3
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A mdlel) gol Ashs s AR mgErs
ofdot A HI AIAEL f7lhte] B FEA
oL shF A7 22§ S Fgoly nAfEd
“d(microencapsulation) 52| ®'H-2 A8t Van Immer-
seel et al.(2004)= S. enteritidise &3 HolA FE| 24
2 B S8 AFS A A FAgS W B W AR
de} #7h £ goleld s st gigley, -
AXE frolsta Hdastslvta Rasigint HZode #71
2 BI3AA F7FFAA7) E coliB FHEFS SAI A
wdH S Jfdsta, B W E coli T5E FolF oz A

AATYE AT+23 % H 1%t Khodambashi Emami et
al., 2017).

a8 Aty Bl f71ike H7F gl Ao BF
Argdol dEATE A3 U AL oH, dF 4
ToA = BAdo]l AstEe AT UATHe.g. Jozefaiak et
al., 2010; Milbradt et al., 2014). 2211} Broom(2015)2 <&
gt Aol = %?3}3'_ XHH %0‘?91 a4 stet ‘IC')I‘-EH;H_Q] 9‘1

3]

o
= 29 A3 557&, *}%L %71*%1«] TR 5
of met G W] W] AoR T%‘QE}J_ skoith

Pbel AAE 28 & Qe
2 Asut g5l Wrkstel 7

4) de2|2ntX]|
“LEﬂﬂ_-_J}X](bactenophage) ] THE 52 3= vt
a1, ©]F d’Hérelle(1917)E ©] E2E AT FolHe
b= ov| & vhee] e vl gka R kit 1930 el &
ol o AR 7L Ba o] Bao] upolejzehs Aol ¥
X, g, drdet 5 o8 Az vhe] e oA
7b s Ao, A B B A7t o] FoR|A|
gFokth. spAIRt vk 2] Q 9|7} HAA o] F=/dola A
A olm, A et gl Ry e 7t gla, 3
AL #F] 73S etA e Aol FAEwEA A
< A HA=ZEE o] F5 il thk(Harper and
Kutter, 2008). Table 3-& 9e]2] Q9= o} Ao EAS
zkz} vl aete] Adrgsta gleh
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Table 3. Comparison of the prophylactic and/or therapeutic use
of bacteriophages and antibiotics'

Bacteriophages Antibiotics

Antibiotics target both pathoge-
nic microorganisms and normal
microflora. This affects the mi-
crobial balance in the patient,
which may lead to serious se-
condary infections.

Very specific

They are metabolized and eli-
minated from the body and do
not necessarily concentrate at
the site of infection.

Replicate at the site of infec-
tion and are thus available where
they are most needed.

Multiple side effects, including
No serious side effects have intestinal disorders, allergies, and
been described. secondary infections have been
reported

Phage-resistant bacteria remain
susceptible to other phages ha-
ving a similar target range.

Resistance to antibiotics is not
limited to targeted bacteria.

Selecting new phages(e.g., aga-

inst phage-resistant bacteria) is Developing a new antibiotic is
a relatively rapid process that a time-consuming process and
can frequently be accomplished may take several years.

in days.

! Source: Sulakvelidze et al.(2001).
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T} FHto]l Faslch(Endersen et al., 2014).

ZhaollA] Ardet AlojE A8l Fgolv ZAI Al A A
gk AZolA Arde} vheg] e oA & EelebAY 1 &
IE AP AT7ZEHES o5 EaEQlth Higgins et
al.(2005)2 S. enteritidis WTEH|Z]| QIR & 71 B2 & =
A& AA3I9 S Wl S. enteritidis®] recovery R1=7} i3
Toll Hlgl fFejHer FHasiitia Hasiith Atterbury
et al.(2007)2 B 2] Q3R] & 7T 3 A2 vl A
Salmonella enteritidis, S. typhimurium, S. hadar2] coloniza-
tiong FosHA FAAZ T Huslgith. Adhikari et al.
(2017)2 S. enteritidisS 7379k Tl HET 2HaA
of vHeg] @3] H7t AtRE Folsta, WA, W, 3L E
g 9 ARl A Ardel dFE AR A3, 7)Aol A
Sz #4e) $949) 220t A9ee s

Ar’Quette et al.(2017)Z} Yeh et al.(2017)2 E&71=5
A3 < v e nx o] drde AAsEs A
$33l, Wang et al.(2017)2 S8]&7dllA A, 2]
det viee] kA 7h eelar]e] Ardet oS A7
Gtz stk T3t Garcia et al.(2017)2 =4
Fre Add e Adrde) vo] 0 F A7 o]
uhe 2] @ kx| o] x| Edfel| thel] Hashsivt

Tl M= #H Azt g g e 9K digk Aot &
Ws] o] Fojx| 1 gl BHA, ol A= ofF Al AV
bio-control e =4 HHH| 2] @ upA|of| th§ ATA v B
A ¢t} Kim et al.(2013)3} Baek et al.(2013)2 |7 Al®
W 22} 8. enteritidis WY 2] L. 34X] 9} Clostridium perfringens
W 2] 32 M7 SAFH P FAVE Sk 5
BA7E e, AW frele SR fel Al Apol=

ekt sggicha s, ot 34 BEE oA ge

o

O

AuAQ1 Aegre] SfolA ol Folzl Agelgizlel el
A& A2 BLAAD AT Kim ot Q01 212

Ale]x] e} HAtA A ALSEE & ]Oﬂ Salmonella%; TE} C.
perfringensS EMH O 2 Sh= w2 QIR & F 7ol st
A A W R AES Lﬁ}é‘ e A3} v g e
2] A elA] AlseTE Fol dEENeH, HAUTE,
E3] C perfringens®] QA ZI7 AU By
t}. Zhao et al.(2012) vte|2] @ 9x| 2 Foi st AletA] A3
ol w2 QukA] A e]Trel| A Abetedt Alge] A =T}
g on, B9 Ardetel it 7 Attt
3 Bkt 2010490 S gallinarum, S. typhimurim 21|
2 e ux| 7} felvket Al Aol SAlE e, 2013
o= S. enteritidisS} C. perfringens E|2] QIR 7} F712
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