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The objective of this research was to evaluate the immune response to Salmonella Gallinarum experi-
mentally infected layers fed with Guanosine 5-monophosphate-chelated calcium and iron feed addi-
tives. Hy-Line brown, 34 week-olds layers were assigned to 3 groups; Group 1: basal diet feed, Group
2 (CaFe-GMP): basal diet feed mixed with chelated calcium and iron, and Group 3 (Fe-OCHT):
basal diet feed mixed with chitosan for 4 weeks. There were challenged with 1.0x10° CFU/mL of the
cultured Salmonella Gallinarum (SG) by oral administration on 28th feeding days. After SG challenge,
Flow cytometric profiles showed that the CD4+/CD8+ T lymphocyte activation of Group 2 was much
higher than Group 1 and Group 3 (P<0.05). In addition, the levels of interleukin-2 (13.37 mg/dl) and
interferon-y (2.35 mg/dl) in Group 2 were higher than Group 1 and Group 2. Populations of Lactic
acid bacteria (3.5x10' CFU/g) from cecum was highest observed in group 2. Re-isolation of SG from
cecum in group 2 (8x10° CFU/g) was lower than group 1 (1.83x10" CFU/g). The result of this study
demonstrated that CaFe-GMP feed additive may be one of the potential candidates to control salmo-
nellosis and functional feeds in layers.

Salmonella Gallinarum, Feed supplement, Immunological response, Layers
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Gowda, 2015). FAkZorolA G788t njvjE2 5&2 ¥
g2 771, P75 B/dSHAA C"_}@%}i ;f:x_] 2
AHE 9] AJAtof Z1ofstttal R E A JH(Lim3} Paik, 2006;
Seo 5, 2008). wEhA theFet Aol E {7 ny—E 4
of lojAE &t A 9 WY B9 FT7HAT]= AFRETHA
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718 Folg2 NRC (National Research Council, 1994)
[l wet AREHUAT. R AHRO] el g4 g
%L Table 13 &t} 71E1S}F u]y|Z2A Guanosine 5'-
monophosphate (GMP)—chelated calcium and iron (Ca-
Fe-GMP, () It wEH, =5 A&t CaFe-GMP=
71 BHEA ZEd S GMPO| ZE°|E sto] ARt *}‘?_}73]
AR E AZE QT CaFe-GMP A3 7| 2AMR] 24 8
ppm¥t & 55 ppmo] 2= o] TrE0X CaFe-GMPE 715_
At 5 0.16% E3tsto] A|25t3ItHCaFe-GMP). 71 EAT &
2] FHDAC 90% o3, #AF 10,000018h #23H, =)
714 & sh= 2 o|E H(Fe-OCH, () WIHFEH, =)= ~
FAZ *]'%ﬂyﬁk

ol Agol= 7HaEF A MAlS FFSHA g2 HE8A =
7A9] 3457 Hy-Line 71”\“74] 6524 3ETESlo] 1845 A
skt i At A= @ 2R = wF AARE Sl
Salmonella &4 24 015}9ith. Alglo] AFRE BE A
= 95 9L FES FEHS ol8sto] 712 AE FAE SG
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Composition of the basal diet

Layer feed

1 0,
AT, 7 (30~39 weeks of age)

Yellow corn 48.3
Wheat 4.39
Soybean meal 13
Distiller's dried grains with solubles 13.2
Canola meal 5
Sesame oil meal 2
Corn gluten 1.5
Oil 1
Salt 0.25
CaCoO; 10.5
Mono-dicalcium phosphate 0.5
Dicalcium phosphate 0.1
Choline chloride 0.06
Vitamin premix* 0.1
Trace mineral premix’ 0.1

Calculated chemical composition

ME (kcal/kg) 2,800

Crude protein (%) 17

Crude ash (%) 15.5

Ca (%) 39
Methionine (%) 0.67
Available phosphorus (%) 0.35
Methionine+Cysteine (%)

Calcium (ppm) 83 (CaFe-GMP group)
Iron (ppm) 55 (CaFe-GMP group)

*Supplied per kg of diet: vitamin A 13,000,000IU, vitamin D,
4,000,0001U, vitamin B, 3,000 mg, vitamin B, 7,000 mg, vitamin
B 5,000mg, vitamin B, 20 mg, lysine 3,000 mg, methionine
1,000 mg, tryptophan 700 mg, pantothenic acid 12,000 mg,
pniacin 50,000 mg, biotin 150 mg, folic acid 1,500 mg.

"Supplied per kg of diet: Iron 46 mg, Zinc 78 mg, copper 7 mg,
Selenium 0.1 mg, Manganese 87 mg, iodine 1.3 mg chromium
0.12 mg.

71E Atz of| Fe-OCHT iiﬂ SG FFFA3TH)LE HASHA
HTable 2). AMS 272 3457 ARMAIE 30 EA| cage (7
#:35 cm, AlE: 55 cm)oﬂ 354 4850 397ke] H-37)%F
< AA 3 A= FolE AASHAT A A1 717 B9t AR
159 120 g 371 ® mid 33] At wo] shlaL, w5
UE9] Al SHEEE FYUsHA wiAIstq A o /\1531
th 52 A Al F oFF 12417H d27FE G463l o,
71t AMFHE] U AR AFFEE ol #5to] AletA] Ald
oA AAlStAT e A2 Adishy soadisto A 4=
Pt o, Adtistu ] AH5EFHUEY(Institutional
Animal Care and Use Committee, IACUC) 55 A3aTX|
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Experimental groups

Group Feed Treatment
1 Basal diet
2 Basal diet with CaFe-GMP supplementation
3 Basal diet with Fe-OCHT supplementaion

S 24519 tH&1H 3 CNUIACUC-YB-2015-59).

Salmonella Gallinarum (SG)9 15 #AS sl
(strain SG3001)= sHSAHGER A EF &ttt SG
MacConkey agar (Difco Laboratories)olA 19 Hjst
9= S A"sto] BHI (Difco Laboratories) A 8]

o AZ3staL 37T oA 250 rpm & GAZF vl st v
SGE B3 vix] FF S o]&sto] 1x10° CFU/mL 5=&
ZAoto] 7 ARTo] AFtAol AR Fo] 28YA = d 4
HE Yo Ao A&

w
1)

o

)

T 9T g4 Bt

SG Q1279 59 3 AF gho) olaw
5t EDTA (ethylenediaminetetraacetic acid) %
sto] =435k Qs AL Lymphoprep™ (Axis-Shield
PoC AS Oslo)# 522 4o 3,000 rpmZ 3087 ¢4 &
2JA|# PBMC (peripheral blood mononuclear cells)& &
23k ¥, PBSE 3,000 rpmoilA] 57t 4 Eelsto] 23] A&
3F3iT}. RBC lysis buffer (Biolegend, Korea)2 A-20f4 10
B2 @5 |93t & PBSE 3,000 rpmOllA] 587 A4 &
2lsto] 23] AlHstitt. 7tk AlEo] PBS 1 mLE &¥5
o AE £5 1x10° cel/mLE 2H3HATh AT F4] |
gL 57157 #1514 PE mouse anti-chicken CD3 (South-
ern biotech, USA), FITC mouse anti-chicken CD4 (Bio-
rad, USA) ¥ R-PE mouse anti-chicken CD8 (Bio-rad,
USAYE ©o]&5to] alollA 3087 BH-AIA AASEeITE F-A1
T HEA7]|(BDbiosciences, USA)E ©]-&ste] CD3'CD4'CD8”
9 CD3'CD4 CD8" T Hx+9] &4 &7sto] CD4'/CD8”
Hl&S 37kt

oA 3 mL¥ A&
HE o]_Q_

-
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AM2EA ] Salmonella Gallinarum

QASHFO0l| et HALS

Salmonella Gallinarum inoculation

1.0x10* CFU/mL
1.0x10° CFU/mL
1.0x10°* CFU/mL

Cytokine &4 #H7}
SG ATHE & 7 AF
20| A ok 2417t & 71
ot &9 cytokine S-S

2O
(Cusabio, China)®} chicken IFN-y

rJrJ

O] 7hAlo A BHE A FSto] A
A4l Eejsto] @3S 25k
A2 Chicken IL-2 ELISA kit
ELISA kitE AM&-313i Tt
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Salmonella Gallinarum 13 79 A9 HA & %

71 2 39 *1] £

SG 154 F 59 5% AAATFY HARES Ikt
15 A AltollA 9] ZH—'?—ﬂ% Hg}oq FHS AAIskITH
HE ARFolA Zh v, 183 BES FdAoE RFHGHA
, Hat Fo|& A°lA ot H]":}Oﬂ Hj x| 5to] BH-S AFH 53
Al EEE e B 22 B E A Wl =)
0.1 g& BPW (Buffered Peptone Water: Sigma Aldrich,
USA) 9 mLojl gof a3}kl 37T A 24417 vl &, vl eF
N 1 mL& Tetrathionate broth (TTB, Difco Laboratories)
10 mLell g0 37ToflA 24417k HiFstoitt. & W&E 0.1 g
< BHI 94 HjA] 9 mL& ¥ol &e AlXl & 104142 A3
(107" ~10") 3] Astoict. A9 wiz|of] 545 A5 100 uL
A AEAZ]1AL 37TofA 1Y vigsiith. sl gt A )
A A v 2AL Lactobacillus« BCP agar (Difco Labo-
ratories)ol| A T714 RO 2 48A|7F WSS, E. coli
2} Coliforme MacConkey ¥iX|(Difco Laboratories)l|A]
Salmonella spp.+=

RUy

= Salmonella Shigella agar (Difco Labo-
ratories)g 0|85t 5714 AL R 24 A7 v st

= Ayto] gt SAAERAS Statistical An
tem (SAS Institute, 2002)S ©]-&35}o] BEAHEAS A5} .0
™, Z} At Hat 749 Zpolof] tigt -21/d A7 Duncan’s
o]-g-sto] AAISHAT.

alysis Sys-

new multiple range test&



T Rz 7o 4 B7}
SG IEAde] T A=+ &4l viA=
A WY AT A FAXQI CD3' T 9

FTFE gelst] ¢
7o gk CD4"
11 (CD3'CD4'CD8) 9 CD8" T PxLo] vyl

(CD3'CD4 CD8")< 43l CD4'9F CD8' 9] H]&-2 F7}s}
% CD3'CD4'CD8 T BZF B4 1A=

74 A 3.62%004 HE T 1.19%= °F 2.43% Tras

AL, 292 1T A A 2. 81%01]/‘1 % % 3.11%% 2 0.3%
3 AFTHAA A 3.72%°0A BE T 1.48%
. 279 CD3'CD4'CD8” 4L SG

(P<0.05, Fig. 1A). CD3 CD4 CD8" T EL&-TL FHL SG AF
AE A 1204 2.89%0014 FE F 0.44%= °F 2.45% #a
HA, 27014 AF AF A 2.05%N4 HE F 0.74%% °F
1.31% ZAE Yo, 332 2.84%014 HE 3 0.26%2 4
=] 2 cHFig. 1B).

SG T2%% A CD4/CD8" T YX T 4 H&-L 1294
1.25%, 272 1.37% 12|11 372 1.30%°1 ek T8y SG
49U & 139 CD4'/CD8' T FZLF B4 &2 2.70%2
oF 1.45% Z71E R, 232 4.20%E °F 2.83% S7F5t%oH,
372 2.11%E °F 0.81% S7FF Yekstth. CD4"/CD8" T &
I g HlE2 27t0] 17 370f HIsl R9Al S B
FTHP<0.05, Fig. 1C).

Cytokine9] &4 g7}

A% FE50] SG AELA F cytokine Ao H|A = JFFS
7}ve15ltHFig. 2). IL-24 442, SG FAHFT F 12ME

:7_7:11425_

9] 33.38 mg/dLAlA ZE ©]F 38.95 mg/dLZ
oF 5.57 mg/dL7F S7HE Q1AL 32olA= S ARE A 33.17
mg/dLolA ¥ 0]F 34.66 mg/dLE Z7FE et 270 A=
Andat 34 AE A9 40.47 mg/dLolA TE o]F 54.84
mg/dLZ 9F 14.37 mg/dLZ §9lZ 02 Z71EAcHP<0.05,
Fig. 2A).
IFN-y 8/449] 4% SG 154 F 1222 348F A 29.45
mg/dLoﬂAi 2 ol% 31.49 mg/dLE 9F 2.04 mg/dL &7}
L8 HY, 23 %'— AZE A 32.54 mg/dLolA Y o]&
34.89 mg/dL& <F 2.35 mg/dL 7= R

O 31
, 37 54
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Effect of dietary supplementation of chelated organic minerals
on the T lymphocyte populations in layer groups with Salmonella
Gallinarum postchallenge. (A) CD3°CD4 CD8 Tlymphocyte, (B)
CD3°CD4 CD8" T lymphocyte, (C) CD4"/CDS8" ratio. “P<0.05
in post Salmonella inoculation at group 2, *P<0.05 in post
Salmonella inoculation at group 2.

AE 9] 29.8 mg/dLAA T o]F 29.81 mg/dL 2& <k
0.01 mg/dL 37FS B3 th(Fig. 2B). CaFe-GMP A 2]i-2
E A FoA 7P 22 1L-29 [FN-y 242 YeEhS
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Salmonella Gallinarum Q12 7

g fEa
SG 4% F F 233 3ol wAREo] TASHA] Qfok
U, 1ZoM= 549 42 F HAPE 2ASIALL AAHEA7E
A & 20%2] Aol TSI Fig. 3).
SG QIS4 & AUl Arde} of &2 Z23E Table 3°ﬂ
UERH AT SG IE A9 F 7oA dmdet Alee] &

O

OP re salmonella inoculation
(a) WP ost salmonella inoculation

.

Group 1 Group 2 Group 3

OPre salmonella inoculation
b) mPost salmonella inoculation

Group 1 Group 2 Group 3

Effect of dietary supplementation of chelated organic
minerals on the serum cytokines in layer groups with Salmonella
Gallinarum post challenge. (A) IL-2, (B) IFN-y. *P<0.05 in post
Salmonella inoculation at group 2.

M2t 9| Salmonella Gallinarum Q12 ZI0] CHEE HAHIS

oA 9.7x10' CFU/gel L, 2ol A= 5.7x10"° CFU/g
o|glon, 374 8.7x 10" CFU/gE AFH At v
A Armdet ] = 132014 7.9x 107 CFU/gol AL, 2

oAl 3.3x10° CFU/gel o™, 3ol A 3.2x10° CFU/gE A

SE QU 7Ht v Ardel AR S FAE I
1204 71 ol B= 1o, & 7k 9033l Aol= ¢l
At W W £ Andet ARe S 1704 1.8x10"
CFU/go] 2L, 27-0llA 8x 10° CFU/gol 2.1, 3ol A 2.0
10° CFU/g2 A= Q). vie BrolAl o] amdal e 4
£ 1294 1.5%x10° CFU/gel AL, 270l 2x 107 CFU/go]

omn 3o)A 2.8x10" CFU/g= A= qIrh. B4 W &9
I} v B4 9] At et AR e] 4= CaFe-GMP A 3
79 2300A -9 A Q1 Zrart F1E ATHP<0.05).

A Al52 3t

F71Eist v Fol7t A9 oA SG ATHAF2E o]lF
AUl Aol A= IF2 B7erRtHTable 4). SG 15 2
d T 2 Y A e FAY J52Y 1Z0ME 1.4x

10" CFU/gol L, 23°14= 3.5% 10" CFU/gelom, 33+

8- Group 1
X~Group 2
—+—Group 3
0
~ 20 ] e “
R
A
2 40
s
)
X 60
o
5
= 80
100
0 1 2 3 4 5

Days post challenge

Effect of dietary supplementation of chelated organic minerals
on the mortality rate in layer groups with Salmonella Gallinarum
post challenge.

Effect of dietary supplementation of organic minerals on the re-isolation number of Salmonella in layer groups with Salmonella

Gallinarum post challenge

Group Liver (CFU/g) Spleen (CFU/g)
1 9.7x10'°+3.8x10" 7.9x10°+1.2x10°
2 5.7x10"°+3.3x10" 3.3x10°+2.3x10°
3 8.7x10'°+4.2x10" 3.2x10°+2.9x10°

*P<0.05 compared with group 1.

www.kosves.re.kr

Feces in cecum (CFU/g)  Paper litter from housing (CFU/g)

1.5x10°+3.5%10°

2.0x107+2.0x10%*
2.8x10"+2.7x10"

1.8x10"°+4.4x10"
8.0x10°+1.7x10%
2.0x10%2.1x10*
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Effect of dietary supplementation of chelated organic minerals on the microflora form cecum in layer groups with Salmonella

Gallinarum post challenge

Group Lactic acid bacteria (CFU/g)
1 1.4x10"+2.8x10"
2 3.5x10"+1.8x10%*
3 1.0x10°+1.0x10"

*P<0.05 compared with group 1.

o] fAHF 4= 1.0x10° CFU/gZ A= gleh B3 O] f4kt
T 204 1223 352 HIs) 71 Eol E =ik #H U
Coliform®] 4= 179 A%E 4.7 x 10° CFU/gol L, 23-0lA]
£ 9.3%x10° CFU/gol e, 3394 9.0x 10" CFU/gZ Al
QT £9 W Coliforms?] g+= 20| 120] Hls {214
o= A B =HAUHP<0.05). 2 W E. coli &= 13904 =
2.9x10° CFU/geI%l L, 2ol 1.5x10° CFU/gel3loH,
37Ol AE 7.0x107 CFU/g2 A=t BH W E coli 4
= 2704 13 E T §o)H 0 & A EIHP<0.05).

4 43 AFEFAL Bl 34 4

T Xionﬂtgﬂi 01% ol ol A 5 E Akl Aol 0] 27]
7HA] B 4R9] HolA fE85S ek & HAREC] &
Aolc}, o] Ao CaFe-CMP AHRE Folgt AghA|Lo]
Salmonella Gallinarum 1549 FLEAIZ & 47, AW

& 123 29 AltE] Hoket HREES-S ZlskRit
39 Waghgof HWolst= CD4' T BZ3= HANE, B
YL E T3 XA M EL} 22 antigen-presenting cells
(APCs)oll 93t MHC class 119} 23+ LS Q14]3tH(Bo-
vee-Oudenhoven &, 2003). ¥} 2gtE CD4" T =
£ IL-28 E4|5}2 o] CD8' T YE7-9}F A E (NK
cel)9 €443} B AZA9] A YAHE Frgich Amdet 7+
ol ot AtAe] ASHe2 CD4™ T HZ+9 CD8' T |
L] Bgstel fEo] FPFAR] HAM L fo] HEH
o} (Berbdt®} Methner, 2001; 2004). Eoll4l CD4'/CD8" T
o vle2 WY F7tet wdo] kil A A Qlo] | wE

S 715 &%ot=t A"t Abdukalykovas 2008).
ol M4, CaFe-GMP Fo| 2l4] CD3'CD4'CD8
B4 SG Q1 A olF tiRwl 1o Hsl 12
o g Z7FFAtHP<0.05, Fig. 1A). TS CD3'CD4 CD8*
T HEF L2 SG 95 74 A 120014 2.89%014 BE &
0.44%% 9F 2.45% AT AT, 27014 15 7 A 2.05%01

THEF

Fecal coliforms (CFU/g)

E. coli (CFU/g)

2.9x10°+5.9x10°
1.5%10%2.0x107*
7.0x107+9.0x107*

4.7x10°+0.87x10°
9.3x10%+1.5*x10°
9.0x107+9.0x107*

A AE T 0.74%= °F 1.31% HAE o™, 3704 2.84%1
A HE F 0.26%= AE ArkFig. 1B) o]# g A= Salmo-
nella Enteritidis 774 W9 #& & CD3'CD4'9] @42 &5
7FstR ot CD3'CD8" &/do] #4axgt 23} frAlskith(Lal-
siamathra®} Lee, 2017). 2ZH 02 SG F4HF & CD4'/
CD8' T Y& &4 &2 1704 1.25%, 272 1.37% 1
23l 32 1.30%°1 0. 13U SG 15 & 1549 CD4*/
CD8" T HZF9] & v &L 9F 1.45% S7H=E AL, 232
2.83% S7Fet3lom, 372 oF 0.81% S7FF UErstth _6"?:}2(31
O CD4'/CD8" T "7 &4 B & 23t0] 123 30| H]
3 929 715 HATHP<0.05, Fig. 10).

B 304 &RlE CD4'/CD8" THZE9] &g v]&2 4t
A o] Ze]uto] @ El(mannan oligosaccharide)?] Fo]7}F 4
Dl 7 o]Fo] CD4'/CDS" T HEF9] HES S7HAIA
tt= A3 Lourenco 5, 2015)2} S-AFSFSI T

Lourenco 5(2015)2 %52 4] Alxof| AFstr Az
W S4lo] 7hset ARdEE AASH| YsiAe THZF 73
O] Az uj7j/d HRESo] wif- F27t JTE k= Halst
Rt wEbA &2 A9ollA ElE CD4'/CD8" THZF2] &4
3t fARE Al Wk o g Ardeto] AlAE F=d 5
Uo2 e} HZE

Ravindran¥ McSorely (2005)%= IFN-y A|Z 7] HS
o] Fagt QAo AHdlel G Al T Al &3k HE
o] IFN-y9] Eu|7} Z71ettta B 138deh. Zhu 5(2017)2
Salmonella Cholerasuis A8+t WAl HFA] Th19 HY ¥-&
T} I == pro-inflammatory cytokines®l 1L-22} TNF-q,
o] Z7H8 B ast3t Goel 5(2010) Salmonella Typhiu-
murium® 79" ZFoA ¥ (Ocimum sanctum) F&E
FOoJA] TFN-y, IL-2 12]3L TNF-q2] &8]7} S7Feota ®al
ShaiTt.

ol AYHJAE CaFe-GMPY Fo|7} Axde} 2y 7

of thet @5 IL-29F IFN-y9] EH]7} §ojH o0& F7tEo] 4
7] B9} FARRE A HREgo] It wkA] CaFe-GMP
9] Fol= ARl ol 9%k MHC class I 2 A5}

AF
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£ CD4' T Yo SA9] Z712 U3t IL-29} IFN-y2] Huj2
S7HA AFA A A2 w7l WS B0t AAA &2
4] Aol F4lehs ARdSE A A= 7™ 523 9
1o Fe} Azt=E )
7HrRo Andetse dASY EE f5¢
2o drdet AQEeet 22 AltsH 582
(Desmidt 5, 1998). Wang 5(2012)2 Awdz}
o goll §-71u]d|Z(zinc-bearing clinoptilolite)S
o] Amdle} = FASHL ALY = ST
3191 2H, Upadhaya 5(2016)2 A o|E &3¢} ujy
T 3a ARA Y] B ) AR} E colio] &
Fotar B3 sReieh 2 AR SG AS3HE 9
4 71, )] Ardet Qi 42E AT Bkt 23,
CaFe-GMPE &olgt A% 239)4+= lactobacillus®] A4
7FOE 1, 23R w9k, AAL vt et B U8 B
o Ardet R = R 150 vl FojF o g 2A
TEE. o]yt A= Wang 5(2012)7 Upadhaya &
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