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ABSTRACT

An experiment was conducted to investigate the effects of dietary supplementation of MOS, lectin and
organic acid mixture (Organic acid F, Organic acid G) on the egg production, egg quality, profile of
leukocytes and erythrocytes, small intestinal microflora and immune response in laying hens. A total of
900 Hy-line Brown® laying hens of 48 wks old were assigned to one of the following 6 dietary
treatments:control (C), C+Avi||amy<:in® 6ppm, C+MOS 250ppm, C+lectin 12.5ppm, C+Organic acid F
(formic acid 35.4%, formate 34.6%, potassium 30.0%) 0.3% and C+Orgarnic acid G (fumaric acid 23%,
calcium formate 14%, potassium sorbate 5%, calcium propionate 7%) 0.06%. Each treatment was replicated
five times with thirty birds per replicate, housed in 2 bird cages. Feeding trial lasted for 6 wks under 16
hours lighting regimen. All supplemental groups were higher than the control in 6 wks hen-day and
hen-housed egg production showing the highest with MOS treatment (P<0.05). Soft & broken egg
productions were lower in supplemental groups than in the control except lectin treatment (P<0.05).
Eggyolk color of supplemental groups was higher than that of the control except Organic acid G treatment
(P<0.05). The values of RBC, HB, MCHC were highest in lectin treatment and lowest in MOS treatment
(P<0.05). The numbers of intestinal microflora were not significantly different among the treatments. Serum
IgG levels of all supplemental groups were higher than those of the control (P<0.05). In conclusion, for
supplementation of antibiotics, immune modulators and organic acid mixture improved production
parameters in general. Among the supplements, MOS showed the best performance in egg production and
eggyolk color.
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A3 bdAde] AbElA ARt

EU= AFEFHZHIEA ALY 7138 3AA €]
AHES T Eklom sulel A Absell 7t
& Qe AT sEE A Al 2004-72
| o3 583FolA 26FoE FAaHMNY &
NAAAEE Al A IREA R A
o] W FAH o] Ut webA FHE AR
187 Abkde] BAE E94ske] {7
g FAATE gl BAsAR A
B s ZHA HArh mekA
< FAAE AT F de HJ7HAe A
of gt ¥le] axw 3 e HWAZEAI
Mannan-oligosaccharides, lectin, +714Fo] S|
AA = F5& vl Qo
Saccharomyces cerevisiag?] A|XH oA F=
3 Mannan-oligosaccharide= oA E. coli,
Salmonella “5°] ¥} Agtate] Gdu] Al
aupel] FAaix] oFa A wiEEHE Ve
zk31 Qlu} (Springe &, 2000). AwWzo| Fi3)
W WA E. coli 5 #HAA17]13L (Zdunczyk
S, 2005). Aflatoxin Bloll e AFA el
MOSE H3hH Aflatoxin Bl &5 <A1t
Aol FAS A7) AL (Zaghini 5, 2005),
IBD virusell A€ S8l welshd A
Hk-g-o] =t} (Shashidhara &, 2003). Mannan-
Binding Lectin® A4/ 3A7F A717] Hell
IB virus &S A} (Juul-Madsen &,
2003). Coccidiosisoll 7A€ HolA a4l
HAZAA e} AFESHA F&S shar (Dalloul
=, 2006) AFEHAlol A Salmonella ol thEk <
AZ37E o (A, 2003) NDe}H IB 34 97}
& ASAA AN WS AT (3 5,
2004).
715 E

Folshd ol

214 8 of

pepsinogen<] peptide bond”} A= o] pepsine
29| M-S Fxlste] whild Ashgo] S
o} (Glick ‘&, 1982). ] pHE=7} 4.00]¥ Cl.
perfringens®} E. coli -5 7+2~A]Z1t}(Chaveerach
5, 2002; Margarita 5, 2004). ZA§5=ol formic
acid, propionic acid& 37FslH Salmonella®] <=
=2 A2 A7) (AL-Tarazi 5, 2003) A5
M SF= FoAsE FIAE] o] glo]
CampylobacterE &34 02 A st} (Chaveerach
5, 2004). Propionic acidE Sl Folshd A
Aol maTE gllom ax] Aol =] Aol A
E. coli®] =Rt ZFAE QAL (Izat 5, 1990) 4
I BHFEH U RE pH FE7F GrolAal A
Fel pH = Wsh7b fIlek(Thomson
Hinton, 1997)+= Wbel Ha7) ik wepa] 2
AlEdE FAA dgAEEEA A9xdAQl
Mannan-oligosaccharides, lectin, 712+ # 7}a}
of Aol Ak 2 dNd, €3 196G, 1
g G mAE #Fd PXE FFS vl
at7] f18) AFEAE S AAlsEITh

T HE Y
1. AMEsE & AEAA

HAIF ] AMFAIE S flEl 487 o] A
(Hy-Line Brown®) 900+Z AWalo] AE 2¢t
AolAel g X3 ¥ 6xelvz P4t
o] Al suHE, RS 305, Alo|A G 274
4=8-3}] randomized block design -2 i3}
ok Aol AREE APl h= Table 19} 2t

HAFo] AlgE A= Avillamycin® 2%
2 33k Avillamix® (CTC BIO Co., Ltd)Z
0.03% AR&3te] 6ppmeS H7Fskalon MOSH
BIO-MOS® (Alltech Korea Co., Ltd) 25%%
0.1% AF&3}e] 250ppm= M 718F 2™ lectine
Mannanose-specific lecting 33k Immuno-
fance® (Bioaid Co.Ltd., Korea) 2.5%Z 0.05% At
235F] 12.5ppmS 718k 2™ Organic acid F
+ formic acid 35.4%, formate 34.6%, potassium
30.0% &3¢l FORMI®(BASF Korea Co., Ltd.)
E 03% H71ekioe™  Organic acid G
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Table 1. Treatment of experimental diets

Treatment Content
Control Control diet (C)

Antibiotics C + Avillamycin 6ppm

MOS C + MOS 250ppm

Lectin C + Mannose-spepecific lectin 12.5 ppm

Organic acid F

C + (formic acid 35.4%, formate 34.6%, potassium 30.0%) 0.3%

C + (fumaric acid 23%, calcium formate 14%, potassium sorbate 5%, calcium

Organic acid G .
propionate 7%) 0.06%

Control : control diet, Antibiotics : control diet + Avilamycine® 6ppm, MOS: control diet + BIO-MOS® 250ppm,
Lectin: control diet+12.5ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic

acid G: control diet + GALLACID® 0.06%.

fumaric acid 23%, calcium formate 14%,
potassium sorbate 5%, calcium propionate 7% <
4191 GALLIACID® (Moming Bio Co.,Ltd.)=
0.06% Z7Fetaitt. & Alde] A7 Alx3]
A AL meld AYEFL AR B

o},
2. AlEAIR HZ o Aperia)

2= TAFSE CP 18%, ME 2800 keal/kge! At
HANRE Axdte] Folsigith dixTAkR
o] wjgnlel ks S Table 291 2t} A}
GAFL e Al ARsdell A 2006
d 39 8UNE 49 18U7MA 673 XA

I AF7IZE s 29 AMEE A AR
shglom Akl Hsdelshns AAskl
o

(1) s, 3, dAnEtsE, MEYFE, A

2rek-g(hen-day egg production, hen-housed
production), 8 +%(Egg weight), <33}2H8(Soft
& broken egg production)-> w5 5AJo] =
st T s AR AMEAHAE

(Feed intake)> =+ 13] ZAlsle] Al Q&

Table 2. Formula and composition of experi-
ment basal diet

Ingredients %
Corn (USA, No. 3) 55.391
Soybeanmeal (local) 11.000
Soybeanmeal (import) 11.694
Corn gluten-61% (local) 1.122
Corn gluten-61% (import) 1.400
Animal fat 2.500
Fullfat-soybean 5.000
DCP 1.722
Limestone 9.675
Salt 0.250
Choline-CI-50% 0.050
Methionine-99% 0.950
Premix ” 0.100
100.00
Calculated composition
ME (kcal/kg) 2,800
Crude protein (%) 18.00
Ca (%) 4.00
Awvailable phosphorus (%) 0.40
lysine (%) 0.90
Met + Cys (%) 0.70

Y Contains per kg : vit A, 12,000,000 IU; vit Ds,
3,000,000 1U; vit E, 15,000 IU; vit Ks, 2,000 mg;
vit B1, 1,500 mg; vit B2, 4,000 mg; vit B6, 3,000
mg; vit B12, 15,000 mg; Ca-pantothenic acid, 8,000
mg; Folic acid, 500 mg; Oxyzero, 6,000 mg; Niacin,
20,000 mg; Biotin, 100 mg; 1, 1,000 mg; Fe, 50,000
mg; Mn, 65,000 mg; Zn, 65,000 mg; Cu, 9,000 mg;
Co, 100 mg; Se, 150 mg.
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Haugh unit 5o F&ZAE AAEHATE W2t
FEe} WA= Texture  Analyser (Stable
Micro System, UK)<} Dial Pipe Guage (Model
7360, Mitutoyo Co., Kwasaki 213., Japan)E ©]
o Ao d2 e =2 Color fan
(eggshell; Samyang Co., Korea, eggyolk; Roche
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5 dHS "= Fdste] 196G A
7HA YR ATl 1gG ¥4 Chicken 1gG
ELISA Quantitation Kit (BETHYL Laboratories,
Inc., USA)E ©]-&3t 433t
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A7kete] E4(107HA1R F 1070 ~107 4K &
AX o= sAsIth Al 7] A8 wjA] 3
ol slAE AEE 1mlY HEA7L E714
(GasPack System, BBL Microbiology System,
Becton Dickinson & Co., USA) T T7|4 o
= ajFatalek. AdEuiA 3 w2312 Table
3ol vebdt wiel 2ok v & vAES FE
z} o] colony-forming unit(CFU) 2.2 A4k
3 logpo. = $Hikelqith

(5) A=A

A2 SAS(1995) GLM (General — Linear
Model) ProcedureE ©]-&3ate] A8k om, F-
test A3 94 (P<0.05)°] J& A5 AT
Ht7+e] Z}o]lE Duncan’s multiple range test=

HAski

m 23 ¥ JF
1. Aletg, OHF, olmiatg, AIRNMAT, AR
278

Aol wE g Ade Table 400 QoF
skolth. 65 E<te] AR (hen-day and hen-
house egg production)oll A= =127kl F-2] %t
(P<0.05) ztol7F AdE=tTl MOS =27} 87.0
%n= 7 w2 AFRES Hlow tFoR
Organic acid F 2|7, lectin *2]7* Organic
acid G Al A A tixT o=

Table 3. Media and culturing conditions of microorganism

Microorganism Selective media

Incubating condition Incubation time (hours)

Lactobacilli MRS agar ”
E. coli MacConkey agar *
Cl. perfringens TSC agar ¥

Aerobic 48
Aerobic 24
GasPak® System 24

Y Lactobacilli selective agar (DIFCO, USA)
2E. coli selective agar (DIFCO, USA)
9 Tryptose sulfite cycloserine agar (Scharlau, EU)
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Table 4. Laying performance during the 6wks experiment

Treatments
Performance
Hen-day production(%) 86.06°  86.33" 87.00° 86.61° 86.76° 8658 0.195
Hen-house production(%6) 85.99°  86.33" 87.00° 86.61° 86.76®  86.47° 0.196
Egg weight(g) 65.07 65.40 6594 6622  65.87 6543  0.449
Soft & broken (%) 0.17* 0.02° 007" 026° 010" 0.06° 0.033
Feed intake (g) 13030 13175 12900 12809 13069 12886  1.235
Feed conversion 2.26 2.23 2.16 2.20 221 2.17 0.035
Egg quality
Egg shell strength(kg/cmz) 3,293 3,342 3,272 3,300 3,266 3,476 67.3
Eggshell color 12.03 12.25 1220 1228 1213 1205  0.133
Egg yolk color 1127 11.48% 1161  11.38™ 11.41™  11.16° 0.081
Egg shell thickness 41.77 41.84 41.82 41.71 41.64 42.06 0.262
Haugh unit 85.80 86.47 8642 8793 8570 86.71  0.605

Control : control diet, Antibiotics : control diet + Avilamycine® 6 ppm, MOS: control diet + BIO-MOS® 250 ppm, Lectin:
control diet + 12.5 ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic acid G: control diet +

GALLACID®0.06%

#¢ Means with the different superscripts differ significantly (P<0.05).

=771 86.06%= 7HE Wty dEe B
A7 g2 B FAR Aol Ak
Agpeg YA AgF7F 0.02%= 7 B
gtom ectin AP T7F 0.26%% 7HE kT
Lectin A 2]7E AQ3 BE HIMH7F g2
Hr} dzpehgo] SHITH(P<0.05). A AT H
et BE A7t feabh gllon
ARS8 T8-S MOS A7t 7HE ke T
Z77F 7P Ekth RE HA7 izl
Hls] AlgQ&o] e Adko] ISt At
A A& MOS A2, Avillamycin® 12,
2+ o2 Alghgo] E9tE Bozkurt 5
(2002)¢] H.a19} crude lectino] FAJE-S1 ZhE)
0.1% wolA] dizTo va) dzo] FARThH=
41(2003)¢] Ha1e} AbEAl] MOSE Foishd
Abekgo] e Als AHF AR 8T8
& z}o]7} 1A= Dimovelis % (2003)¢] H.iL
o} A&} Stanley 5 (2000)  AbekA o

MOS FA] 2behs, W, Algke] vlFo] 7iA
HArtar ®Basgivh ARl {714 0.2%
T2l egg mass= HAE NS ALE Q FEL
oAl Zfol7k gl B 5 (2002)9] K.l
o dAsI ot ARk AR Hx
S ANl FeIA] egg masseb AbEQEO]
WA A= o] 5(2001)2] Hargh= dX

A ekt

7)
o)A Tk o,

—485—



Woo et al. ; Effects of Immune Modulators and Organic Acid Mixture in Laying Hens

111622 7P S3ko™ Organic acid G *12]
TE ALt BE H7HE] tixTtel Hls|
3= THP<0.05).

Haugh unit= lectin *]2]5-7} 87.93, organic
acid G =& 77} 86.71, &4A &7} 86.47,
MOS A 2]-+7} 86.42, organic acid F 2|7}
85.70, tjZ=77} 8550 =o|Ath BE H7F7E
izt wlE e A4S Hlth 49 &
(2002)> AFgHAll  fF714E 0.2%E  wolehd
Haugh unit= S718F9 a2 G270 s, w3k =
o)Al atol= gtk Bareh dAsHgith
A1(2003) crude lectino] Fd4-91 7l 0.1%
w01 Al diEFd HE AT

S AAISFaL pepsinogene] peptide bond”}
Bog]o] pepsine. o] AdS Fxste] ghulA
Ashgo] Fxlste] M-S i AoE AL
ST

45 gy 9 AP BHAEE Table 5,
6ol geofsioltt. 271 ATA S7kehs A=
a1zl W (WBC), HH HTA S8k
Ao 4l TFT(NE), A7) Asto|u}
w4 AT BAETIl SUkeE WE(LY)
T shsd Aeolu 2AIAR] Sbehs &

I

Haugh unitell= @32 mA[A @skon ek s (MO 71A8S Asdolv WA o wb
AL izl mls) thas w2 Aol AT S M= 2k (EC), Bk (EO)SE ¥
3 R 3E}QlT) Dimovelis & (2003)2 AtAle]  Z3HH AR HEES HolE S99 (BA)Y
MOSE wolstl Whe77F S7kdtkaL &9 A9 Aas ol A4 Felabrk ik
I A 5 (2006)> HAAFTIAR] ARl Hx9 ohyk stress indicator (NE/LY):= lectin A 2] -7k
i S-S AaAle T Haugh unit, ¥ 0482 7P EIATE uwx] A itel =
A, Aol diztell wlE] felshAl s 0.25~0.300.F Mk x]E KU (P<0.05).
AF Ak &k WAl MOS2} lectin Erythrocytese} ##E  Fx&5 + AT
© W99 skl AES sk 71 (RBO)OIA = lectin A2l 7F A AIQl 25~
AR &S] pHEEE W5o] WA 1 355 ZIete] 4998 TP Ekow A
Table 5. Leukocytes profile of laying hens fed experimental diets
Treatments

Parameter — - — — SEM

Control  Anti biotics MOS Lectin  Organic acid F Organic acid G
Leukocytes
WBC (K/ul) 21.39 21.52 22.99 24.68 2171 18.55 3.439
NE (K/ul) 3.94 4.03 5.00 6.41 3.74 3.61 0.958
LY (K/ul) 14.53 14.44 14.26 14.43 13.43 14.03 1.943
MO (K/ul) 241 2.09 2.53 2.37 2.07 2.20 0.542
SI (NE/LY) 0.26" 0.30” 027° 048 029" 0.25" 0.062
EO (K/ul) 0.28 0.31 0.49 0.39 0.25 0.28 0.123
BA (K/ul) 0.06 0.07 0.11 0.07 0.05 0.06 0.030

Control : control diet, Antibiotics : control diet + Avilamycine® 6ppm, MOS: control diet + BIO-MOS® 250ppm,
Lectin: control diet + 12.5ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic acid G:

control diet + GALLACID®0.06%.

*¢ Means with the different superscripts differ significantly(P<0.05).
WBC : White blood cell, NE : Neutrophil, LY : Lymphocyte, MO : Monocyte, Sl : Stress indicator, EO : Eosinophil,

BA:Basophil.
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Table 6. Erythrocytes profile of laying hens fed experimental diets

Treatments

Parameter Control b/iot\)rt]it(i:s MOS Lectin  Organic acid F Organic acid G SEM
Erythrocytes

RBC (M/ul) 2.80° 3.05° 2.51° 4.99* 2.92° 2.94° 0.411
Hb (g/dI) 10.20* 10.95® 8.93" 12.28° 10.27* 1051®  0.853
HCT (%) 32.33 34.28 28.76 36.15 32.80 33.35 2.880
MCV (fl) 115.62° 114.32° 95.57% 82.27° 11552 112.82° 9.573
MCH (pg) 36.62 36.77 29.68 27.60 36.37 35.80 2.994
MCHC (g/dI) 31.61° 3220 2587 33.98° 31.57° 31.78" 2313

Control : control diet, Antibiotics : control diet + Avilamycine® 6 ppm, MOS: control diet + BIO-MOS® 250 ppm,
Lectin: control diet + 12.5 ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic acid G:

control diet + GALLACID®0.06%.

#¢ Means with the different superscripts differ significantly (P<0.05).
RBC:Red blood cell, HB:Hemoglobin, HCT:Hematocrit, MCV:Mean corpuscular volume, MCH:Mean corpuscular
hemoglobin, MCHC: Mean corpuscular hemoglobin concentration.

Al gtelli= Atel7h 71ef {l9lTh (P<0.05). &l
wEE (MBS wE ATk ausivel
A5 WAL lectin A 2|77} 12.28 (g/dl) 2 7}
%o MOS A#F7F 8.93 (gld) ez 7f
| ukoith(P<0.05). M@ 44 (HCT)# Bt
Adg- AL (MCH) Ag] 73t Fo At
7Elen et A AAEE (MCHO)w
lectin 27} 33.98 (g/d)= 7F¢ Ekor
MOS A7} 2587= 71 Sk} (P<0.05).
t+9] leukocytes$} erythrocytes®] AAHAS] 43
+ WBC:12-30 (K/ul), NE:3-6 (K/ul), LY:7-15
(K/ul), MO:0.2-2.0 (K/ul) EO0:0.0-1.0 (K/ul), BA:
0.0-0.3 (K/ul). RBC:2.5-3.5 (M/ul), Hb:7.0-13.0 (g/
dl), HCT:22.0-35.0 (%), MCH:25-37 (pg), MCHC:
21-39(g/dl)(Melvin, 1984)0] 22 2 AJg oA A
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510G 55
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Skl thS-© & Orgarnic acid F 2] <%, Orgarnic

acid G AT, lectin A+, FAA A2,

iz o)k AWz MOSE Folshd
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hara¢} Devegowd (2003)2 S-&F79 MOSE
woistd IBDVel gk A7 Srheeha &
Ak FEFA lecting Fishd I1gG F=7}F
Z7}3th= Cotter (2000) K319} 95o] F714
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Table 7. Microbial population in the lower small intestinal content of laying hens at 53wks age

Treatments (cfu logio/g)

Parameter C Antibiotics MOS Lectin (zggn;c 22?:”&‘3 SEM
Lactobacilli 7.42 8.26 8.51 8.08 8.00 7.97 7.889
Cl. perfringnes 1.80 1.18 0.40 144 1.94 1.64 1.399
E.coli 4.32 4.69 3.57 4.46 5.05 471 4.619
Control : control diet, Antibiotics : control diet + Avilamycine® 6 ppm, MOS: control diet + BIO-MOS® 250 ppm, Lectin:

control diet + 12.5 ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic acid G: control diet +

GALLACID®0.06%.

Table 8. IgG concentration of blood from Laying Hens fed experiment diets

Treatments
Parameter i i EM
aramete C Antibiotics MOS Lectin Org_anlc Organlc S
acid F acid G
1gG b b a b ab ab
(ug/miserum) 252.37 268.18 397.53 287.75 351.78 321.17 29.534
Control : control diet, Antibiotics : control diet + Avilamycine® 6 ppm, MOS: control diet + BIO-MOS® 250 ppm, Lectin:

control diet + 12.5 ppm lectin by Immunofence®, Organic acid F: control diet + FORMI® 0.3%, Orgnic acid G: control diet +

GALLACID®0.06%.

#¢ Means with the different superscripts differ significantly (P<0.05).

acid F A& A BE A2H7F gzt
Hop ube Aol ATk E. coli = AT
2 Fe Al Apol= QI TE MOSE HellAl =

o]&bA Bifidobacterium spp.2} Lactobacillus spp.
o] 4% Z7Ix7]ar WbA  Enterobacteriaceae
groupZ} S, enteritidis®] FE FARAIXIYE=
Fernandez % (2002)2] H.i9} MOSE <Al
wolstd WAl A E. coli®] 7t FHAekeE A
gFo] QJqTh= Spring 5 (2000)9] R} x|
ot A E(2004)% SA A SalmonellaZ
TEo] S u lecting H71E ARTES
izl Bla] wAbEo] frefstAl s A
o2 Hol gl FE3% crude lectine
Salmonellael] gt Sl de] rar &gict 4
(2003)2 AkgHAlo] SalmonellaZ 74 -Fo] 319
S o} crude lectine] FAE<l 7HEIE Fodt
A -] e EAEA o] dxol Hls A
A BEE AT S3lvk §79] acidified litter
Aol A= W] Lactobacilli <=7F =k 3]
ol Cl perfringens <=7} 7Fg AHAth=
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