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1 (Minmum Inhibitory

Concentration, MIC) (Minimum

Bacteriocidal Concentration, MBC) Escherichia coli,

Salmonella typhimurium, Salmonella enteritis Staphylococcus aureus

Escherichia coli Salmonella typhimurium   MIC  MBC  0.10%  0.15% 

Salmonella enteritis Staphylococcus aureus  MIC  MBC  0.15%  0.20%

2

 1-42  (  ROSS 308)  600  4  6 25 

4  0  ( ) 0.01 0.05  0.10% 

- 0.01  0.05% 

 (P>0.05)

0.10%  (P<0.01) 0.10% 

)  (P=0.04) E. coli

 (P<0.01) 0.10% 

(P=0.02) 

0.01% (P=0.03)

 0.10%  (P<0.01) 

(P<0.05)  IgG 

0.01  0.05%

0.10% 

/ /



Pichaya  Sae-ung 2010: Effects of Adding Formic Acid in Drinking Water on Performance,

Immunity, Microbial Ecology in Digestive Tract and Minerals Retention of Broiler.  Master of
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Thesis Advisor: Associate Professor Chaiyapoom  Bunchasak, Ph.D.  125 pages.

Two experiments were designed to study effects of adding formic acid in drinking water on

performance, immunity, microbial ecology in digestive tract and minerals retention of broilers. First

experiment was conducted to determine the minimum inhibitory concentration (MIC) and minimum

bacteriocidal concentration (MBC) of formic acid to against Escherichia coli, Salmonella typhimurium,

Salmonella enteritis and Staphylococcus aureus.  The  result  showed  that  MIC  and  MBC  of  formic  acid

against to Escherichia coli and Salmonella typhimurium were 0.10 and 0.15%, respectively. While MIC and

MBC of formic acid against to Salmonella enteritis and Staphylococcus aureus were 0.15 and 0.20%,

respectively. Second one was investigated the effects of adding formic acid in drinking water on performance,

immunity, intestinal ecology and minerals retention of broiler. Six hundreds of day old male ROSS 308 chicks

were divided into 4 groups of 6 replications with 25 chickens/each. Total of 4 treatment groups of drinking

water were performed; 1) control (without formic acid supplementation), 2) formic acid 0.01%, 3) formic acid

0.05% and 4) formic acid 0.10%. The result indicated the adding formic acid into drinking water decreased

pH of the drinking water. Adding formic acid 0.01 and 0.05% did not effect to production performance when

compared to control group (P>0.05). Conversely, adding formic acid 0.10% in drinking water significantly

depressed production performance (P<0.01). Moreover, breast (g) was significantly decreased by adding 0.10

% formic acid (P=0.04). E. coli counts in the drinking water significantly decreased by increasing formic acid

(P<0.01). In the present study, adding formic acid to drinking water at 0.10% significantly reduced the pH in

crop (P=0.02). Although, adding formic acid in drinking water did not affect short chain fatty acids

concentration in the caecum, but villous height in the jejunum was significantly increased when added 0.01%

formic acid (P=0.03). Conversely, adding formic acid at 0.10% significantly decreased villous height in

duodenum (P<0.01) and increased heterophil/lymphocyte ratio (P<0.05). Moreover, IgG concentration,

mineral retention in bone and walking ability were slightly decreased. This study indicate that adding formic

acid in drinking water at 0.01 and 0.05% had no effect on production performance. Conversely, adding formic

acid at 0.10% depressed production performance.
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(antibiotic) 

 ( , 2547) 

Campylobacter spp., E. coli, Salmonella spp. Clostridium spp. 

(Pearson et al., 1993)

 10

(Philipsen, 2005)

 (Giesen, 2005)

(Denli and Celik, 2003;

Moharrery and Mahzonieh, 2005) 

 bone decalcification



2

 (Biagi et al., 2003; Guathier, 2005)

 (Minimum Inhibitory Concentration; MIC)

E. coli Salmonella spp. (Giesen, 2005)



3

1. (MIC)

(Minimum Bacteriocidal

Concentration; MBC)

2.

3.

4.

5.



4

 (carboxylic acids)

    (-C=O, carbonyl) 

 (-OH, hydroxyl) 1  

, 2540)

(ionization) 

 (strong acid)

(weak acid)

2

, 2534) 

-

 ( , H+)  pKa

-

 pKa

 pKa

) 1 pKa 

 pKa  1 

- (Dibner and

Buttin, 2002)
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1  

:  (2547)

 2

:  (2547)

1  

pKa

HCOOH 46.03 3.75

CH3COOH 60.05 4.76

 CH3CH2COOH 74.08 4.88

CH3CH2CH2COOH 88.12 4.82

CH2CH(OH)COOH 90.08 3.83

COOHCH:CHCOOH 116.07 3.02

COOHCH2CH(OH)COOH 134.09 3.40

COOHCH2C(OH)(COOH)CH2COOH 192.14 3.13

:  Dibner and Buttin (2002)
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, 2547) 10

 (Blanchard, 2004) 

2

2

(E. coli, Salmonella spp.)

Lactic acid bacteria -

-

(E. coli, Salmonella spp.)

- -

-

- -

- -

- -

:  Dhawale (2005)

(Dhawale, 2005) 

)

pKa

 (Moharrery and Mohzonieh, 2005) -
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-

 3

3  -

E. coli 6.0-8.0

Salmonella spp. 6.0-7.5

Steptococcus spp.. 6.0-7.5

Staphylococcus spp. 6.8-7.5

Clostridium spp. 6.0-7.5

Lactobacillus spp. 5.4-6.4

: Dhawale (2005); Hai Meng (2006)

(Minimum Inhibitory Concentration; MIC) E. coli Salmonella spp.

 (Giesen, 2005)

pKa  3.75 3 (Foegeding and Busta, 1991)

 (volatine) 

 ( , 2547)
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3  

:  (2547)

Salmonella spp. (Byrd et al., 2001)

-

(Dibner and Buttin, 2002)  3.5-4 

-

, 2545)

(Dhawale, 2005)

1.   -

 (pH 2.0-3.5)

 (pepsin) 

(Cranwell, 1995)
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(high buffering capacity  high acid binding capacity) 

 ( 4) - 5.5-6.0

-

 ( , 2547)

 (H+)  

, 2547)

acid binding receptor

 anti-buffering effect ( , 2547)

2. 

-

Lactobacillus E. coli  

Salmonella spp. ( , 2547)

(Ivan, 2003)

 Brul and Coote (1999)

(undissociated)  (fatty acid)

 (formic acid)  (acetic acid)  (propionic acid) 

 (lactic acid)
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    7 

(H+)  (RCOO-) 

- decarboxylases 

(RCOO-)

 (osmotic pressure)

 4

 4  (H+

    

(meq/kg)

200

250

200

250

175

(48%) 950-1200

 skim milk 950-1100

1500-1900

1100

1400

2400

6500

, 19600

 (DL-Methionine) 550

 (Lysine HCl) 550

:  Partanen and Mroz (1999)
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4

: Gauthier (2005)

Van de Eijk (2002) 

-

E. coli Salmonella spp.

 (Hardy, 1999) fumaric acid 

lactic acid bacteria  uric acid 

(VFA)  passive transport (Sudo and Duke, 1980)

microvilli

RCOOH
RCOOH

RCOOH

RCOOH

RCOO-

RCOO-

RCOO-

H+

pH

H+

ENERGY
pH
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3.    chelating agents 

 (Fe2+, Ca2+, Mg2+, Cu2+  Zn2+) 

(Bolduan, 1999)

4. 

 (Okolelova and

Krivoruchko, 1991)  citric acid  glutamate

dehydrogenase, glutamate-oxaloacetate transaminase  glutamate-pyruvate transaminase

transaminase 

citric acid  nonessential amino acids (Grassmann and Klasna, 1986)

5.  biogenic amine  cadaverine  putresin

 (Barnes et al., 2001)

biogenic amine decaboxylase 

 (Veselá et al., 2003)

 400-500

 ( , 2543) Alles et al. (1996) 

103

 1011  50 

 ( , 2543) Bacteriodes, Bifidobacterium,

Fusobacterium, Eubacterium, Lactobacillus, Coliform, Clostridium  (Bouhnik et al., 1997)
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 (Gibson and Collins, 1999)

 2

1. (pathogenic microflora)

E. coli, Salmonella spp.,Clostridium

perfringen Campylobacter sputorum

 (Kyriakis, 1983) E. coli  Enterobacteriaceae 

(short-rod shape) 

(peritrichous flagella)

E. coli

(enterotoxin)  ( , 2537) Salmonella spp.

 Enterobacteriaceae

 (facultative anaerobe) Salmonella spp.

Salmonella enteritidis

   (Chapman, 1988)

2. (non-pathogenic bacteria)

 Lactobacillus, Bifidobacteerium

(John et al., 1989), Bacillus, Enterococcous faecium  (Simon, 2005) Lactobacillus spp.

(Facultative bacteria)  lactic acid bacteria 

 (Sneath et al., 1986)
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1. 

  (Fox, 1988; Stark and Wilkinson, 1989)

2. 

 (Stringer, 1985)

3.

 (Mroz, 2005)

4. Lactobacillus plantarum  lactolin Lactobacillus

acidophilus  acidophilin, lactocidin, acidolin

Salmonella spp., Strephilococci spp., Kerbsiella spp., Pseudomonas spp., E. coli Clostridium

perfringens  ( , 2540)

5.   (Lactase)  (Amylase) 

(Symbiosis)  (Sen and

Chakrabarty, 1984)
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(hollow organ; , 2549)

(mounth)  (esophagus)  (crop) 

(proventriculus)  (gizzard)  (duodenum) 

(jejunum)  (ileum) (ceacum)  (rectum; , 2537)

3 

(duodenum)  (jejunum)  (ileum)  (mucosa)

(villi)

 600

 (Duke, 1986)

portal

blood system  portal vein lacteal

 ( , 2537) 5

 (crypt)  (succus entericus)

 sucrase maltase lactase

aminopeptidase  dipeptidase ( , 2547)

 2

2-3  duodenum  ileum 

 undifferentiated

 (Absorptive cell) 

 (Goblet cell)  lumen (Geyra et al.,
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2001)  2-3 

 (enterocyte density) 

200,000-280,000  (Uni et al., 1995; 1998) 

 48  duodenum  ileum

 48  duodenum  jejunum

 ileum

 duodenum  7  jejunum  ileum

 14  ( , 2548)

5

: Murakami et al. (2007)

 (Frankel et al., 1994; Sakata et al., 1995) 

(Blank et al., 1999,

Mroz, 2005)



17

 uric acid

(Sudo and Duko, 1980) Rabassa and Rogers

(1992)

 7.8-8.6 KJg-1  3.5%

Dobergosz et al. (1991)

(Galfi

and Bokori, 1990; Frankel et al, 1994)  2 

 ATP

(Velazquez et al., 1996; Jacobasch et al.,

1999)

”

 2 (innate immunity) 

 (acquired  immunity) 2 

5 ( , 2548)
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5   Innate immunity  Acquired immunity

Innate immunity Acquired immunity

- Macrophage, neutrophil

-  ( )

- 

- T  B cell

-  ( )

-

: Tizard (2000)

1.   (Innate immunity)

 Innate immunity

(physical

barriers)

(lysozyme)

 (carbohydrate binding protein)

 (inflammation) 

 (neutrophil)  (macrophage) 

 5 

, 2539)

 3-4 
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antigenicity lipid containing capsid

virus  enterobacteria  epithelial surface 

(mucus)

(media) 

 IgA, lysozyme  lactoferin  ( , 2538) 

(intestinal microflora)

 receptor site

E. coli ( , 2541)

 ( ,

2539)

2. (Acquired immunity)

       Acquired immunity 

T cell  B cell receptor

T cell    B-cell
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 B-cell  bursa of fabricius  Bone Marrow

 2.1 Humural immune response (HI)

 (antibody)”

B-cell 

1-3

 (glycoprotein)  polypeptide 4 

(disulfide bond)  2 heavy chain  2 light chain 

 N-terminal  C-terminal 

B cell, NK cell (immunoglobulin)

 5  IgG, IgM, IgA, IgE  IgD ( , 2548)

2.1.1  (Immunoglobulin G, IgG)

IgG

 IgG  secretory IgG

 IgG 

 75 ,

2537) IgG 

15 2-3  ( , 2552)

2.1.2  (Immunoglobulin M, IgM)

IgM

 (antigenic characteristics) 

IgM 
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IgG ( , 2537) IgM 

 IgM

 ( , 2552)

2.1.3  (Immunoglobulin E, IgE)

IgE (hypersensitivity) 

 mast cell

 ( , 2538)

2.1.4  (Immunoglobulin E, IgE)

IgE  ( ,

2537)

2.1.5  (Immunoglobulin A, IgA)

 IgA  epithelial

cell 

 IgA  ( , 2545)

Ig  3  IgG, IgA  IgM ( , 2536)

 2.2  Cell-mediated immune response (CMI) 

(cytokines)

T-lymphocyte

 (helper T-lymphocyte) cytotoxic
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T-lymphocyte (CTL)

 (lymphocyte stimulation)

 (tymphocyte proliferation, , 2548)

 (lymphoid organ)

2  (Oppenheim and Shevach, 1990) 

1. (Primary Lymphoid Organ)

 Primary lymphoid organ  central lymphoid tissue

 (stem cell)  lymphocyte 2 

 T lymphocyte  B lymphocyte  (thymus gland)  Bursa of  Fabricius

, 2541)

 1.1  (Thymus)

14 

jugular vein

(endoderm)  (thymocyte) 

(cortex) (medulla)

(Oppenheim and Shevach, 1990) 

 T lymphocyte

T cell (T cell marker; 

, 2552)
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 1.2  (Bursa of Fabricius)

 (cloaca) 3-5 

(medulla) 

(bursa follicle)  B lymphocyte

B lymphocyte

(antibody  humeral immunity)

 2  Bursa of Fabricius

 ( , 2552)

2.  (Secondary Lymphoid Organ)

 Secondary lymphoid organ  peripheral lymphoid tissue  T lymphocyte

 B lymphocyte  central tissue  secondary lymphoid organ

 lymph nodule  epithelium  gastro-intestinal

tract, respiratory tract  genitor-urinary tract

T lymphocyte  B lymphocyte 

 mucosal-associated lymphoid tissue (MALT)

Peyer’s patches cecum tonsil  lymphoid follicle  ( , 2552)

 2.1  (Spleen)

6 

T lymphocyte  B lymphocyte
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(humoral antibody) 

, 2552)

 2.2

submucosa  mucosal

associate lymphoid tissue (MALT)  (gut associated lymphoid

tissue, GALT)  (bronchus associated lymphoid tissue, BALT) GALT 

BALT  T lymphocyte

 GALT  BALT

  

   ( , 2545)

-

 Lactobacillus L. reuteri 

 ileal villi  crypts

 T cell  IgM  Salmonellas (Dunhan et al.,

1993)   Nahanshon et al. (1994) lactobacillus

 Peyer’s patches ileum

 IgA
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(pneumatized bone) 

 ( ,

2537)

 2  (bone matrix)

 95 

 5  (chondrointin

sulfate)  (hyaluronic acid)  (mucopolysaccharide

gel, Werner, 1992)

(rigidity)

 (compact

bone)  (cortex) compact bone 

 cortical bone  (spongy bone  trabecular

bone)  (medullary cavity)

 ( , 2534)

 (bone formation)  (bone resorption) 

 (osteoblasts)  (bone-forming cells)

 (proteoglycan)

 (osteocytes)
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 (osteoclast)

 (Smith et al., 1983)  growth  hormone

(GH), estrogens, paratheroid hormone (PTH), 1,25 dihydroxycholecalciferal, thyroid hormone

 paracrine  prostaglandins, cytokines, insulin-link growth factor-I (IGF-I, Farquharson,

2003)

 1.  femur 

 (trochlea)

sessamoid bone (patella)  trochlea 2. 

tibiotarsus  fibula  tibiotarsus tarsometatarsus 

tarsal joint  hock joint (splint bone) fibula 3. 

tarsometatarsus tarsal bone  metatarsal bone 3 4.

(digits) I-IV ( , 2537) 6

6  

:   (2537)
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 bone decalcification (Biagi et al., 2003; Gauthier, 2005) 

 ( )

metabolic acidosis (New, 2002)

(Extracellular fluid) 

 (H+) bone decalcification (Bunshinsky et al.,

1994)  (osteoporosis; Arnett and Dempster, 1990; Arnett et al., 1994)

 metabolic acidosis 

parathyroid hormone

 (Bushinsky et al. 2003) metabolic acidosis 

1,25(OH)2D3 (Krieger et al., 1992) 

 negative balance 

 (New, 2002)

upper beak epithelium, anterior mandible  mandibular

epithelium posterior (Denbow, 2000)  300  (Saito, 1966;

Ganchrow and Ganchrow, 1985)  (acidity) 

(alkalinity) 3-10

 (Kare and Rogers, 1976)  Avila et al. (2003) 

8

-

propionic acid

 (Cave, 1984)

 (Moharrey, 2005)

Moharrery and Mahzonieh (2005)  marlic acid

 0 ( ) 0.05 0.10  0.15
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 marlic acid

 Chaveerach et al. (2004)

 (2545)

50-100 ppm 

Salmonella spp.

-  (Byrd et al., 2001)

Maharrery and Mahzonieh (2005)

E. coli

E. coli (Banwart, 1989)  Chaveeach

et al. (2004)

 (volatile fatty acid)

lactate

 butylate formate  propionate

 (Avila et al., 2003; Chaveerach et

al., 2004)  (Kirchgessner and Roth, 1988; Chaveerach et al., 2004;

Maharrery and Mahzonieh, 2005)

, 2548;

, 2550) 

 bone decalcification (Biagi et al., 2003; Gauthier, 2005)

 (

) acidosis (New,

2002)
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1.

2. 

(Evaporative cooling system) 

48  4 (Tunnel ventilation

system)

3.

 3.1

 AOAC (2000)

 3.2  pH meter  IQ150  micro probe  PH17-SS 

 4.8 mm (IQ Scientific Instruments, Inc., Carlsbad, CA, USA)

   

 3.3 2

 3.4  10 

23  (Light microscope)

 Eosin  Methylene blue ELISA plate reader

 IgG



30

 3.5 

McConkey E. coli, Rappaport-Vassiliadis Soya Peptone Broth (RVS),

Tetrathionate broth (TTB), Xylose lysine deoxycholate (XLD)  Hektoen enteric (HE)

Salmonella spp.  Lactobacillus MRS (MRS) Lactobacillus

spp.

(Autoclave)  (Incubator) Larminar flow (Heal

Force, HF safe, Class II, Type A2 manual Lisken Scientific Equipment Co., Ltd., Shanghai,

People’s Republic of China)  Anaerobic Jar 

 3.6  MIC  MBC  Mueller-

Hinton broth, Mueller-Hinton agar  Tryptic Soy Agar (TSA)

Escherichia coli (ATCC 25922) Salmonella typhimurium (ATCC 16809)  Salmonella enteritis

(ATCC 13076) Staphylococcus aureus (ATCC 6538P) 

 3.7  Centrifuge (TOMY model MX-301, TOMY Kogyo Co., Ltd., Japan)

 caecum Gas Chromatography (GC 2010  Shimadzu

Corporation CO., LTD.)  (Short Chain Fatty Acid) 

 3.8  Neutral Buffer Formalin 10 % 

Phosphate Buffer Saline

mucosa  microtome 

5 µm  haematoxylin  eosin  (villus height) 

 (crypt depth) 
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 3.9

 3.10 Autograph (universal testing

machine) Shimadzu  AG 10 KNIS

 Crenshaw et al. (1981)  Johnson et al. (1992)

 1  Minimum Inhibitory

Concentration (MIC)  Minimum Bacteriocidal Concentration (MBC)

1. Tryptic Soy Agar (TSA) 

37  24

Mueller-Hinton broth  37  3-4

 Mueller-Hinton broth  McFarland no. 0.5 (BaCl2 0.048 mol/l 0.5 ml

 H2SO4 0.18 mol/l 99.5 ml) 108 CFU/ml

 Mueller-Hinton broth  1:10  107 CFU/ml

2.  stock solution  (94%)

 0.22 m Mueller-Hinton

broth 0.01  0.05  0.10  0.15  0.20  0.25  0.30%

3.  MIC  microtube broth dilition (microtube well) 

 National Committee for Clinical Laboratory Standards (2003)  MIC 

 8  75 l

 107 CFU/ml  75 l

microtube well 1 (negative control) 

Mueller-Hinton broth  150 l 2 (positive control)

Mueller-Hinton broth  75 l

 75 l 37  18-20
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pH meter

4.  MBC  loop

 MIC  streak  Mueller-Hinton agar

37               24

 National Committee for Clinical Laboratory Standards (2003)

2

 (ROS 308)  1  600 

 4   6 25 

(Evaporative cooling system)  negative pressure system 

 48 4 

 (Tunnel ventilation system)

 1  3

25 /  1,200 /

(nipple) 
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(94%)  4 

1  ( )

2  0.01%

3  0.05 %

4  0.10%

 2  (1-21 ) 

22%  3,010 ME kcal/kg  1%

0.50%  (22-42 ) 20%  3,150 ME

kcal/kg  0.90% 0.45% 

(Aviagen, 2002) 6

1. 

 1.1  2  21     

1-21  (Starter) 22-42  (Grower) 

 1.2 

 1.3 
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 1.4 

 proximate analysis (AOAC, 2000) 7

 1.5 

2  48 

 (

)

2. 

21  42 2  48 

 asphyxiation  CO2

 (crop)  (proventriculus) 

(gizzard)  (duodenum)  (jejunum)  (ileum)

(caecum)  (colon) pH meter

 Bursa of frabricious 

3. 

42 1 24

2  peptone 1% 

18  10 

 peptone 1%

 3.1 Lactobacillus spp.  de Man, Rogosa and

Sharpe (MRS) agar incubator 39  24

 anaerobic jar  De Man et al. (1960)
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 3.2 E. coil.  McConkey agar

 incubator 37  24  aerobe 

Franklin et al. (2002)

 3.3 Salmonella spp.  Rappaport-Vassiliadis Soya

Peptone Broth (RVS) 42.5  Tetrathionate Broth (TTB)

 37  24

Xylose lysine deoxycholate (XLD)  Hektoen enteric (HE) 37 

MPN (Most Propable number)  (2545)

4.

 10  peptone 1%  90 

 10 

peptone 1%

E. coil.  McConkey agar

incubator 37  24  aerobe 

Franklin et al. (2002)

5.

42 1 24

(SCFAs) 1 

14,000 g  4  10 

3 14,000 g  4 

 10 SCFAs

propionic acid  butyric acid gas chromatography  Biagi et al., 2006
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6.

21  42 1 24 

phosphate buffer saline

 Neutral Buffer Formalin 10 %  24

histology technique microtome  5 µm 

haematoxylin  eosin

 (villous height)  (crypt depth junction) 

 Nunez et al. (1996) 

7.  Heterophil/Lymphocyte Ratio  Immunoglobulin G

21  42 2  48

12

15-20 

Eosin  Methylene blue 

 100  (Light microsxope)

 Ritchie et al. (1994)

centrifuge 3,000  10

Immunoglobulin G  ELISA (Enzyme Linked Immunoabsorbent Assay)

ELISA plate reader 450  Bethyl

Labolatories

8. 

42 5 120 

Gait score

 Kestin et al. (1992)  6  (0-5)
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       0     

 1

 2

 3

      4

      5     

9. 

42 2  48 

 Tibia  -20 (Bending

Strength)  3-Point Bending Test Crenshaw et al. (1981) 

Johnson et al. (1992) 

 Proximate Analysis 

 AOAC (2000)

(Analysis of Variance)

Duncan’s multiple range test  Steel and Torrie (1980)

Yij    =  + Ai + eij

 Yij    = j formic acid 

i

     =
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 Ai     =     formic acid i  i = 1  formic

acid,   i = 2  formic acid 0.01%, i = 3  formic acid

  0.05%   i= 4  formic acid 0.10%

eij     = j formic acid i

 eij  NID (0, 2)

6  

(%)

58.93 63.31

33.81 29.64

1.42 2.73

1.95 1.73

1.42 1.30

0.38 0.33

0.11 0.14

0.76 -

0.24 0.20

0.38 0.27

0.33 0.18

0.09 0.01
1 0.10 0.10
2 0.08 0.05

0.01 0.01

   1 :  12,000,000 IU,  3  3,000,000 IU,  15,000

mg,  3 1,500 mg,  1 1,500 mg,  2 5,500 mg,  6

2,000 mg, 12 10 mg,  25,000 mg, 

12,000 mg,  500 mg,  120 mg 1 
2 :  80 g,  60 g,  40 g,  8 g,  0.50

g,  0.10 g,  0.10 g 1 
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7

 (1-21 )  (22-42 )
1 2 1 2

(Kcal/kg) - 3613.56 - 3651.66

(Kcal/kg)

3010.00 - 3150.00 -

 (%) 22.00 21.27 20.00 19.22

 (%) 6.23 6.02 5.29 4.79

 (%) 11.29 11.23 11.30 11.66

 (%) 4.00 3.87 5.42 5.39

 (%) 1.00 1.19 0.90 0.98

 (%) 0.80 0.88 0.73 0.70

 (%) 0.50 - 0.45 -

 (%) 1.44 - 1.20 -

 (%) 0.70 - 0.57 -

 +  (%) 1.09 - 0.94 -

 (%) 0.93 - 0.79 -

1

2 Proximate analysis 

 AOAC (2000) 

AOAC (2000)
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 2551 -  2552

1.

2.      

3.

4.
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1  Minimum Inhibitory

Concentration (MIC)  Minimum Bacteriocidal Concentration (MBC)

1.

(Minimum Inhibitory Concentration, MIC)

(Minimum Bacteriocidal Concentration, MBC)

(MIC)  microtube broth dilution 8 

Escherichia coli, Salmonella typhimurium, Salmonella

enteritis Staphylococcus aureus

Escherichia coli  Salmonella typhimurium  0.10%

Salmonella enteritis Staphylococcus aureus  0.15%

9

(MBC) 0.15%

     Escherichia coli Salmonella typhimurium 0.20% 

Salmonella enteritis Staphylococcus aureus

-

- -

Escherichia coli, Salmonella spp. staphylococcus  aureaus  6.0-8.0  6.0-7.5 

6.8-7.5  3.5-4.5  (Dhawale,

2005; Hai Meng, 2006) 

8.10  3.80 7 0.10%

 Escherichia coli  Salmonella typhimurium
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6.80 0.15% -

 4.50  Salmonella enteritis

Staphylococcus aureus

 0.15%  4.50 0.20% 

- 4.05

(Dhawale, 2005; Tan, 2006) Brul and Coote (1999)

(fatty

acid) 

-  pKa 3.75 

 (H+) 

-

 decarboxylases (RCOO-) 

 (osmotic pressure) 

 Hai Meng (2006)

Escherichai coli Salmonella spp.  0.25%  0.2% 

 Giesen (2005) 0.15%  0.1%

Escherichai coli Salmonella spp.

 MIC Escherichai coli Salmonella spp.

94%  MIC 
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43

8 (Minimum Inhibitory Concentration, MIC)

 (% v/v)
Escherichia coli Salmonella typhimurium Salmonella enteritis Staphylococcus aureus

1 (negative control)1 - - - -

 2 (positive control)2 + + + +

0.013 + + + +

0.053 + + + +

0.103 - - + +

0.153 - - - -

0.203 - - - -

0.253 - - - -

0.303 - - - -

1 Mueller-Hinton broth
2 107 CFU/ml Mueller-Hinton broth
3  107 CFU/ml

+

-
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9 (Minimum Bacteriocidal Concentration, MBC)

 (% v/v)
Escherichia coli Salmonella typhimurium Salmonella enteritis Staphylococcus aureus

1 (negative control)1 - - - -

 2 (positive control)2 + + + +

0.013 + + + +

0.053 + + + +

0.103 + + + +

0.153 - - + +

0.203 - - - -

0.253 - - - -

0.303 - - - -

1 Mueller-Hinton broth
2 107 CFU/ml Mueller-Hinton broth
3 107 CFU/ml

+

-
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8.20 8.20 8.10 8.00

6.80

4.50
4.25 4.05

3.80

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00
-

 (%)

7 -
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2

1.

 1.1

10 

0.01  0.05%

(P>0.05) 0.10%

(P<0.01)

(1-21 ) 

0.10%

(P<0.01)  (22-42 )  (1-42

) 0.05  0.10%

0.01% (P<0.01)

 7.67 3.59 3.01  2.79 0% ( ) 0.01%

0.05%  0.10%

(P<0.01) 

0.10%

(P<0.01) 10

 r2= 0.84

8
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(Elwyn et al., 1991) -

(acidity)  (alkalinity)  3-10 (Kare and Rogers, 1976) 

 (Furest and Kare, 1962)

0.10% 

 2.79

 (r2=0.79)

(H+)

upper beak epithelium, anterior mandible  mandibular epithelium posterior 

(Denbow, 2000) 

 (Yokogoshi et al., 1987)

Cave (1984)

 Moharrey

(2005)  0.10  0.15% 

0.10% 

 Kirkpatric and Fleming (2008)

 1.70:1 1.70 

(Brooks et al.,1986) 

 hydration  hydrolysis

 (Synovial fluid)  (Thacker,
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2001)     0.10%

 1.61:1  1.68:1 

1.92:1

 (Bartholmew and Code, 1963)
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10  

 (%)
P-value1

0.00 0.01 0.05 0.10

)

1137.60±35.27A 1124.74±35.87A 1126.78±22.03A 1083.00±32.56B 0.0400

3498.73±71.22A 3436.47±73.35A   3409.36±79.86A 3319.86±58.09B 0.0044

4637.77±83.01A 4561.21±104.07A 4536.14±82.60A 4402.86±86.94B 0.0030

 ( )

2405.10±70.75A 2394.91±108.93A 2326.81±104.50A 2080.63±106.20B <0.0001

6049.80±126.45A 6052.66±193.34A 5780.25±143.36B 5341.88±229.46C <0.0001

8454.91±123.47A 8447.57±260.71A 8107.06±122.90B 7422.51±306.55C <0.0001
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50

10 ( )

 (%)
P-value1

0.00 0.01 0.05 0.10

/

2.11±0.02A 2.13±0.14A 2.06±0.07A 1.92±0.05B 0.0010

1.73±0.04A 1.76±0.07A 1.72±0.04A 1.61±0.07B 0.0010

1.82±0.03A 1.85±0.08A 1.79±0.03A 1.68±0.06B 0.0002

)

0.00±0.00D 0.24±0.01C 1.16±0.05B 2.08±0.11A <0.0001

0.00±0.00D 0.61±0.02C 2.89±0.07B 5.34±0.23A <0.0001

0.00±0.00D 0.84±0.03C 4.05±0.06B 7.42±0.31A <0.0001

1 P-value  P 
        A, B,C  D (P<0.01)

    ± 



51

8

 (1-42 )

 1.2

11 

39.93  39.93  39.93   40.00 

 (P=0.98)

(1-21 )  (22-42 )

 0.01  0.05%

 0.10%

(P<0.01)

(1-42 ) 0.10%

(P<0.01) 0.01  0.05% 

(P>0.05)
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0.10% 

 (P>0.05) 12

0.10% 

r2=0.81 9

 0.10% -

 (Yokogoshi et al., 1987)

 (Brooks et al., 1986) 

(2550)

0.2  0.4% -

2.77  2.72 

0.10%

 Mujdat et al. (1998)

0.20%

 ( )
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11

 (%)
P-value1

0.00 0.01 0.05 0.10

) 39.93±0.47 39.93±0.30 39.93±0.30 40.00±0.25 0.9800

 ( )

857.59±18.35A  839.06±15.23A  842.19±18.49A   798.39±25.36B 0.0003

2629.14±100.45A 2580.86±48.28A 2561.81±48.35A 2434.63±79.65B 0.0012

)

817.65±18.05A  799.13±15.05A   802.26±18.66A 758.39±25.22B 0.0003

1779.36±102.79A 1712.70±39.24A 1706.69±43.12A 1616.89±50.05B 0.0030

2589.21±100.39A 2540.92 48.44A 2521.88±48.11A 2394.63±79.56B 0.0012
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11  ( )

 (%)
P-value1

0.00 0.01 0.05 0.10

 ( )

38.94±0.86A 38.05±0.72A 38.20±0.89A 36.11±1.20B 0.0003

84.73±4.89A 81.56±1.87A 81.27±2.05A 76.99±2.38B 0.0030

61.65±2.39A 60.50±1.15A 60.04±1.15A 57.01±1.89B 0.0012

1.39 ± 0.02 1.41 ± 0.03 1.40 ± 0.02 1.43 ± 0.04 0.1700

1.99 ± 0.07 1.97 ± 0.07 1.98 ± 0.06 2.03 ± 0.09 0.4400

1.80 ± 0.04 1.80 ± 0.05 1.80 ± 0.04 1.84 ± 0.06 0.3000

1 P-value  P 
       A, B  C (P<0.01)

± 
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12

 (%)
 (%)

P-value1

0.00 0.01 0.05 0.10

0.00 ± 0.00 0.17 ± 0.41 0.17 ± 0.41 0.00 ± 0.00 0.5800

0.00 ± 0.00 0.17 ± 0.41 0.33 ± 0.52 0.00 ± 0.00 0.2700

0.00 ± 0.00 0.33 ± 0.52 0.50 ± 0.55 0.00 ± 0.00 0.0800

1 P-value  P 

± 

9

                (1-42 )
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2.

42  (

13)  (P>0.05)

0.10%  ( )

 (P=0.04)

(P>0.05)

 (Okelelova and

Krivoruchko, 1991) 

 (Cranwell, 1995) 

(Dibner and Buttin, 2002) 

0.10%

0.10%

r2=0.84

10

r2=0.57, r2=0.10  r2=0.33 

  Moharrery (2005) 0.01 0.05 

0.10%  Leeson et al. (2005)
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13 42 

 (%)
P-value1

0.00 0.01 0.05 0.10

 ( )

2656.17 ± 148.01A 2607.00 ± 64.28A 2592.38 ± 128.93A 2478.63 ± 92.24B 0.0034

308.42 ± 36.08 304.33 ± 42.79 313.58 ± 37.11 317.50 ± 16.68 0.8006

262.38 ± 11.77  258.25 ± 10.90       266.38 ± 9.71 243.63 ± 11.52 0.0600

202.04 ± 15.05     197.79 ± 8.93 205.50 ± 21.83      191.42 ± 7.29 0.1124

  512.13 ± 41.53A  510.83 ± 47.02A    489.17 ± 54.54AB  463.88 ± 32.58B 0.0364
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13 )

 (%)
P-value1

0.00 0.01 0.05 0.10

 (% )

79.47 ± 1.19 79.33 ± 1.46 80.47 ± 2.93 80.19 ± 1.57 0.4034

11.65 ± 1.57 11.68 ± 1.63 12.11 ± 1.37 12.82 ± 0.61 0.1396

  9.70 ± 0.30   9.90± 0.37 10.20 ± 0.24   9.75 ± 0.40 0.2038

  7.61 ± 0.41  7.59 ± 0.24  7.92 ± 0.61   7.73 ± 0.34 0.2142

19.28 ± 1.12       19.60 ± 1.79         18.85 ± 1.61        18.72 ± 1.27 0.4496

1 P-value  P 
       A  B  (P<0.05)

± 
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10

42 

3.

14 (1-21 ) 

(P>0.05)  (22-42 )

15 0.10% 

(P=0.02) 

-

(P>0.05)

 (Cranwell and Titchen, 1974; Radcliffe et al., 1998) Thompson and Hinton (1997) 

-



60

 (Blank et al., 1999)

(Cranwell, 1995) 

(Ravindran and Kornrgay, 1993; Walsh et al., 2004)

-

 (Walsh et al., 2004) 

- (Rofh

and Kirchgessner, 1989, Dibner and Buttin, 2002; Guathier, 2005) 

 (Izat et al., 1990; Mathew et al., 1991; Hernandez et al., 2006)

Krause et al. (1994)

(HCO-
3)

-  Poosuwan (2007) Liquid methionine

hydroxy analog (LMA)

  Avila et al. (2003)

- Atapattu

and Nelligaswatta (2005) 

(22-42 ) 0.10% 

 0.10% -  Byrd et al.

(2001)  Chaveerach et al. (2004)
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14

       (1-21 )

 (%)
P-value1

0.00 0.01 0.05 0.10

 (1-21 )

4.73 ± 0.87 4.73 ± 0.41 4.98 ± 0.65 4.82 ± 0.57 0.7600

3.12 ± 1.12 3.46 ± 1.11 2.57 ± 0.80 3.31 ± 1.08 0.1800

2.88 ± 0.60 2.57 ± 0.51 2.97 ± 0.60 2.85 ± 0.62 0.3800

6.05 ± 0.33 5.83 ± 0.20 5.98 ± 0.21 6.05 ± 0.22 0.1200

6.05 ± 0.23 5.98 ± 0.18 5.84 ± 0.24 5.94 ± 0.15 0.1100

6.18 ± 0.50 6.23 ± 0.52 6.29 ± 0.46 6.17 ± 0.34 0.9000

6.52 ± 0.29 6.14 ± 0.56 6.28 ± 0.40 6.38 ± 0.39 0.1800

6.17 ± 0.64 5.84 ± 0.51 6.09 ± 0.48 6.41 ± 0.45 0.0800

1 P-value  P 

± 
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15

       (22-42 )

 (%)
P-value1

0.00 0.01 0.05 0.10

4.60 ± 0.52A 4.64 ± 0.42A 4.36 ± 0.66AB 4.06 ± 0.31B 0.0200

3.80 ± 0.61 4.11 ± 0.37 3.81 ± 0.59 3.67 ± 0.80 0.3500

3.86 ± 0.39 3.77 ± 0.44 3.62 ± 0.58 3.34 ± 0.88 0.1900

5.67 ± 0.36 5.39 ± 0.70 5.68 ± 0.29 5.56 ± 0.39 0.4100

 5.58 ± 0.40 5.76 ± 0.29 5.78 ± 0.29 5.76 ± 0.38 0.4600

 5.58 ± 0.72 6.38 ± 0.77 6.00 ± 0.87 5.90 ± 0.79 0.1200

6.68 ± 0.41 6.49 ± 0.30 6.57 ± 0.31 6.49 ± 0.29 0.4400

6.23 ± 0.61 6.00 ± 0.49 5.63 ± 0.64 6.08 ± 0.42 0.0700

1 P-value  P 
        A  B  (P<0.05)

± 

4.

    16 E. coli

(P<0.01)

E. coli  Salmonella spp. Lactobacillus spp. 

 (P>0.05)

(2545)

E. coli 0.78 log10CFU 

E. coli  5.15 log10CFU
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E. coli

, 2548) - 6.0-8.0

E.coli (Tan, 2006) 

7.67

E. coli

 pKa  3.75  (Dibner and Buttin, 2002) 

 7 

(Lueck, 1980) 

(Energy imbalance)

 (Brul and Coote, 1999)

E. coli (Campbell, 1991)   Farrell (2004)

 4.0-5.0 E. coli

 (2551)  LMA 0.05 

0.10% - 3.68  3.37 E. coli

0.10  0.30 log10CFU 

E. coli

E. coli

-

- (Varel and Pond,

1985)  (2551)  LMA

Lactobacillus spp.  E. coli
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16

42 

 (%)
P-value1

0.00 0.01 0.05 0.10

E. coli (logCFU/ml) 5.15 ± 0.15A 2.43 ± 0.60B 0.00 ± 0.00C 0.00 ± 0.00C <0.0001

E. coli (logCFU/ml) 6.22 ± 0.62 5.87 ± 0.79 5.78 ± 0.87 6.35 ± 0.53   0.4800

Salmonella spp.

(logMPN/ml)

2.82 ± 0.34 2.75 ± 0.47 2.75 ± 0.33 2.59 ± 0.66   0.8400

Lactobacillus spp.

(logCFU/ml)

5.68 ± 0.60 5.86 ± 0.71 5.93 ± 0.42 5.97 ± 0.53   0.8500

1 P-value  P 
        A, B   C  (P<0.01)

± 

5.

(Short Chain Fatty Acids: SCFAs)

17

      (P>0.05)

(Hintz et al., 1978, Buguat, 1987)

(Jensen and Jøgensen, 1994) Etheridge et al. (1984)
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 (Pluske et al., 1997)  95%) 

 (Eliet and Shrents, 1992;

Gibsen and Roberfreid, 1995)

Lactobacillus spp.

Risley et al. (1992) 

Øverland et al. (2008)

17

42  ( )

 (%)
P-value1

0.00 0.01 0.05 0.10

 12.97 ± 13.92 13.71 ± 11.07 13.05 ± 9.35 7.55 ± 4.75 0.7500

5.55 ± 5.01  5.78 ± 2.60   5.36 ± 1.47  3.41 ± 1.93 0.5700

1 P-value  P 

± 
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6.

 (1-21 ) 18

0.10%

 (P<0.01) 0.01  0.05% 

0.01%  1734.62

0.01%

 (P=0.03) 0.05% 

 (22-42 ) 19 

 (P=0.68)  (P=0.70) 0.01% 

 1772.66  1389.01

mucosa 

7 14  (Uni et al.,

1995; 1998)

0.01%

0.01% mucosa 

 (1-21 ) 
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 (22-42 )

 2

 (Geyra et al., 2001) mucosa 

mucosa

 (Frankel et al., 1994;

Sakata et al., 1995) 

 (Blank et al., 1999, Mroz, 2005) 

0.01%

(Diffussion)  (Dibner and Butin, 2002)

(Van

Beers-Schreurs et al., 1995)  Xia et al. (2004)  Pelicano et al. (2005)

0.01%

0.10% 

 2.79  Pluske et al.

(1997) 

0.10% 

 Kelly et al. (1991) 
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18 (1-21 )

 (%)
P-value1

0.00 0.01 0.05 0.10

 ( )

            1659.34 ± 136.95A 1734.62 ± 82.98A 1699.44 ± 81.85A 1553.36 ± 113.49B 0.0034

            1072.05 ± 147.98b 1237.13 ± 152.00a 1122.90 ± 92.84ab 1075.38 ± 137.11b 0.0300

 ( )

            263.53 ± 49.03 283.33 ± 89.54 276.57 ± 51.07 244.44 ± 47.51 0.4400

            194.99 ± 29.82 190.18 ± 24.64 211.23 ± 59.48 185.80 ± 38.02 0.7400

 : 

            6.87 ± 1.67 6.94 ± 1.98 6.52 ± 0.99 6.87 ± 1.14 0.9100

            5.79 ± 1.33 6.83 ± 1.80 5.66 ±1.31 6.22 ± 0.99 0.2100

1 P-value  P 
        A  B   (P<0.01)

a  b    (P<0.05)

± 
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19 (22-42 )

 (%)
P-value1

0.00 0.01 0.05 0.10

 ( )

       1590.91 ± 409.66 1772.66 ± 180.54 1609.20 ± 297.29 1534.29 ± 270.64 0.6800

       1281.26 ± 132.38 1389.01 ± 131.83 1267.15 ± 235.84 1245.05 ± 281.66 0.7000

 ( )

       273.01 ± 52.13 267.24 ± 47.05 256.72 ± 66.02 223.97 ± 51.19 0.4600

       219.64 ± 25.78 199.50 ± 59.38 199.01 ± 39.44 199.38 ± 64.95 0.8600

 : 

       6.21 ± 0.68 6.55 ± 1.05 6.42 ± 1.78 7.57 ± 1.15 0.0600

       6.14 ± 0.52 6.99 ± 1.78 6.47 ± 0.87 7.52 ± 1.83 0.4300

1 P-value  P 

± 
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7.

20

 (1-21 )  (22-42 )

 (P>0.05)

 (1-21 )  (22-42 ) ( 20)

 (P>0.05)

 (P>0.05)

(Tan et al.,

1999) (2550)

 T lymphocytes, B lymphocytes  macrophages 

 T lymphocytes activated T lymphocytes 

B lymphocytes  plasma

cells

(Tizard, 2000)

stem cells  B cells

28 
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, 2552)

42  B cells

(Payer’s Patches)  (Bone marraw)  (Tizard, 2000)

20

      

 (%)
P-value1

(% ) 0.00 0.01 0.05 0.10

 (21 )

2.87 ± 0.40 2.92 ± 0.38 2.69 ± 0.21 2.69 ± 0.20 0.1900

1.36 ± 0.28 1.33 ± 0.26 1.14 ± 0.21 1.30 ± 0.30 0.1900

0.65 ± 0.09 0.64 ± 0.11 0.61 ± 0.05 0.66 ± 0.09 0.4200

0.10 ± 0.02 0.11 ± 0.02 0.10 ± 0.02 0.10 ± 0.02 0.6000

0.23 ± 0.03 0.22 ± 0.07 0.26 ± 0.06 0.26 ± 0.04 0.2100

 (42 )

2.17 ± 0.14 2.14 ± 0.13 1.96 ± 0.10 2.09 ± 0.11 0.0700

1.87 ± 0.29 1.92 ± 0.50 1.66 ± 0.43 1.81 ± 0.29 0.3800

0.44 ± 0.06 0.47 ± 0.04 0.42 ± 0.04 0.46 ± 0.06 0.1700

0.11 ± 0.04 0.10 ± 0.04 0.10 ± 0.02 0.08 ± 0.02 0.0900

0.13 ± 0.05 0.15 ± 0.06 0.13 ± 0.03 0.10 ± 0.04 0.2100

1 P-value  P 

± 
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8.

 Immunoglobulin G (IgG)

 (1-21 )  (22-42 ) 21

0.10%

 (P=0.04) 

0.01  0.05% 

 (P>0.05)

0.10% 

 (P=0.04)

IgG 

 (1-21 )  (22-42 ) 21  IgG 

 (P>0.05)

0.10%  IgG  5.31

 8.12 mg/ml 

 ( 21)

 Jain (1993)

 0.30-0.57

   (2540)

Altan et al. (2000)
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 (cortisal)

(Gross and Siegal, 1986;

Maxwell, 1993)

0.10%

-

 0.10%  Rath et al. (2006)

(Daghir, 1995)  (Khajavi et al., 2003) 

 Interleukin-2 (IL-2) B lymphocyte

(Siegel, 1995) 

 (free radical) lipid peroxidation (Manoli

et al., 2000)  (Tizard, 2000) 

 (Leeson and Summer, 2001)

 (Cravener et al., 1992)

0.10%

 IgG 
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21

 IgG  ( ) 

 (%)
P-value1

0.00 0.01 0.05 0.10

 H/L

0.30 ± 0.03B 0.31 ± 0.07B 0.32 ± 0.05B 0.41 ± 0.10A 0.0400

0.31 ± 0.10B 0.39 ± 0.05AB 0.41 ± 0.13AB 0.48 ± 0.10A 0.0400

 IgG

  6.92 ± 2.22 6.71 ± 4.67 6.00 ± 3.97 5.31 ± 4.19 0.8900

10.03 ± 1.56 9.61 ± 3.39 8.59 ± 4.48 8.12 ± 2.43 0.7100

1 P-value  P 
                               A  B   (P<0.05)

± 

9.  

22 

 tibia  (gait score) 42 

 (P=0.09)

 gait score 0.10% 

gait score

gait score  2.07 
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 Knowles et al. (2008)  gait score  3

(Bradshaw et al., 2002; Oviedo-RondÓn et al., 2006a, b)

 tibia

 (metabolic acidosis)  (Arnett and

Dempster, 1990; Arnett et al., 1994; Bunshinsky et al., 1994)  Bunshinsky et al. (2003)

metabolic acidosis 

 parathyroid hormone 

 Krieger et al. (1992)  metabolic acidosis

 1,25 (OH)2D3

 (Bushinsky et al., 2003)

 (New, 2002) 

 (2548) 

 Biagi et al. (2003) 

Gauthier (2005)

 tibia  bone decalcification
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22  gait score  42 

 (%)
P-value1

0.00 0.01 0.05 0.10

Gait score 1.86 ± 1.04 1.90 ± 0.98 1.93 ± 1.14 2.07 ± 1.14 0.8900

 ( ) 13.06 ± 0.93 12.73 ± 0.95 12.26 ± 1.24 12.71 ± 1.28 0.4000

(% ) 0.50 ± 0.03 0.49 ± 0.03 0.48 ± 0.05 0.52 ± 0.05 0.1200

 ( ) 6.45 ± 0.50 6.23 ± 0.54 6.17 ± 0.53 6.18 ± 0.53 0.1300

 ( ) 2.43 ± 0.17 2.35 ± 0.18 2.32 ± 0.20 2.28 ± 0.16 0.1300

 ( ) 0.66 ± 0.04 0.64 ± 0.05 0.62 ± 0.06 0.61 ± 0.04 0.1000

 (kgf) 34.37 ± 5.35 31.32 ± 3.03 29.45 ± 5.07 29.34 ± 4.32 0.0900

 1 P-value  P 

± 
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 (MIC) 

(MBC) 

0.01  0.05% 

 0.01% 

0.10%

-

 IgG 

-

 buffer capacity

- E. coli

-

-
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1. 0.10%

0.01-

0.05%

2. 0.01%
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1

(Evaporative cooling system)  1-42

 ( )

)

1 28 31 73

2 28 31 73

3 28 32 79

4 28 32 86

5 28 31 78

6 28 33 73

7 26 32 79

8 27 31 79

9 28 31 79

10 28 31 79

11 27 31 79

12 27 31 86

13 27 31 78

14 25 29 85

15 25 29 67

16 25 33 66

17 25 31 85

18 25 28 78

19 25 29 84

20 25 28 92
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1 )

 ( )

)

21 26 29 85

22 26 28 85

23 26 27 92

24 25 28 85

25 25 28 85

26 25 29 92

27 24 26 84

28 25 29 92

29 25 29 92

30 26 29 92

31 22 26 92

32 24 26 84

33 23 27 84

34 24 27 84

35 24 27 84

36 24 25 84

37 26 28 85

38 24 27 92

39 26 26 92

40 25 30 92

41 26 27 92

42 24 27 92

25.67 29.05 83.79
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1. (Weight gain: WG)

= –

2.  (Feed Conversion Rate: FCR)

1 

 =

3.   (Average Daily Gain: ADG)

 = –



103

(Bone breaking strength)

1. Autograph (universal testing

machine) SHIMADZU  AG 10 KNIS

2. (3 point bending)

 (span length) 45.50 

 (test speed) 50 

 6.35 

 50.32 

Load cell 50 kN/500 kgf

3.   (monitor)

 Crenshaw et al. (1981)  Johnson et al. (1992)

1.  tibia

 12 )

2.

3.

4. (apparent mass; Mapp.) 
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 (Standard mass, Mstd.)

10-60 

1.

1.1

(increase)

1.2 (decrease)

2. 1.1  1.2 2

3. 2 

Y = 0.0183+1.0074X

 Y =  (Mstd; kg)

       X =  (Mapp; kg)
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2  10

(range 10)

 ( )
 (kgf)

Increasing Decreasing

1 10 9.95 9.95 9.95

2 20 19.90 19.90 19.90

3 30 29.70 29.81 29.79

4 40 39.76 39.71 39.73

5 50 49.62 49.66 49.64

6 60 59.57 59.57 59.57

 (2545)

1.  (Specimen collectiom)

 1.1

1.1.1 Fixative

1.1.2   Normal saline

1.1.3  

1.1.4  

1.1.5   (forcep)
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1.1.6  

 1.2

1.2.1 

Phosphate buffer solution ( , 2548) 

NaCl 8

NaH2PO4 1.38

1,000 

 7.4  NaOH

1.2.2 Fixation

1.2.3

1.2.4 1

1.2.5  (trim) 1-2 

 5 

1.2.6  Fixative 10-20

2. (Fixation)

 Fixation

Fixation

 Phosphate buffer formalin 10% (Biagi, 2006)
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Formalin 40% 100.000

Monobasic Sodium Phosphate (NaH2PO4.2H2O)   18.160

Sodium Hydroxide (NaOH)     4.125

            1000.000

 8-24

3.  (Washing)

Neutral buffer formalin solution

 30 -1 24  12

 10 

4. (Tissue processing)

(tissue cassette)

Automatic tissue processor 12 

3

3

 (Tissue processing)

 ( )

1 70% Alcohol 5.0

2 70% Alcohol 2.0

3 80% Alcohol 1.0

4 80% Alcohol 1.0

5 95% Alcohol 1.0

6 95% Alcohol 1.0
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3 )

 ( )

7 Abs. Alcohol 1.0

8 Abs. Alcohol 1.0

9 Xylene 1.0

10 Xylene 1.0

11 Liquid paraffin 1.5

12 Liquid paraffin 1.5

5. (Embedding)

12 Block

Automatic Tissue Processor  Tissue storage tank Tissue

embedder Paraffin 4 Block

 5.1 (Tissue cassette)  Tissue storage tank 

Mold

 5.2  Mold Base mold storage oven

 5.3  Liquid paraffin  Mold

 5.4

 Liquid paraffin  1-2 

 5.5  Cassette  Mold
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 5.6  Liquid paraffin  Mold

 5.7 Cool plate  Block Mold

4. (Sectioning)

 4.1 Paraffin section  Rotary

microtome, Microtome knife, Tissue floating bath, Hot air oven, Fine pointed forcep, Soft hair

brush, Slide, Carbon pencil, Slide rack, Section adhesive

 4.2 (Setting up the microtome)

4.2.1 Hand wheel  Coarse feed

4.2.2 Block Holder

4.2.3  Knife holder Block holder  ½

 Knife holder

4.2.4  Microtome knife  Knife holder 

 4.3  Trim  Section

4.3.1  Microtome scale  10-15 

 Hand wheel

4.3.2  Micron scale  3-5 

4.3.3
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4.3.4 section  Hand wheel  Paraffin section  Ribbon

4.3.5  Paraffin section  Tissue floating bath

 40-45 Adhesive  (  50% Alcohol  section )

4.3.6  section 

4.3.7  section

4.3.8

4.3.9 hot air oven section

 30 58-61 

4.3.10

4.  (Staining)

Haematoxylin

and Eosin stain  Progressive staining (Staining equipment)

 Stainijg dish with cover, Staining rack with holder, Slide forcep, Slide tray 

Glass bottle Deparaffinization, Hydration, Dehydration,

Clearing  Mounting ( 4)
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4  Haematoxylin and Eosin stain  Progressive staining

1  Xylene 5 

2  Xylene 5 

3  Abs.alcohol 2 

4  Abs.alcohol 2 

5  95% alcohol 2 

6  95% alcohol 2 

7 -

8  Haematoxylin ( ) 2-3 

9 3-5 

10  Blueing solution 10-20

11 1 

12  95% alcohol 10-20

13  Eosin ( ) 10-30 

14  95% alcohol 15 

15  95% alcohol 15 

16  Abs.alcohol 2 

17  Abs.alcohol 2 

18  Xylene 2 

19  Xylene 2 

20  Xylene 2 

21 Mount -



112

 10 

 Nunez et al. (1995)  (Villous height)

(Crypt depth junction) 

(Crypt depth)

2

1   (Villous height, A)  (Crypt depth, B) 

A

B
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1. E. coli (Mac Conkey Agar)  Franklin et al. (2002)

 Peptone 17.000

 Polypeptone 3.000

 Lactose 10.000

 Bile salts mixture 1.500

 Sodium chloride 5.000

 Neutral red 0.030

 Crystal violet 0.001

 Agar 13.500

1,000

121  15 psi.       15

2. Lactobacillus (MRS agar, De Man, Rogosa and Sharpe Agar) 

 De Man et al. (1960)

Proteose Peptone No.3 10.000

Beef Extract 10.000

Yeast Extract               5.000

Dextrose 20.000

Polysorbate 80   1.000

Ammonium Citrate   2.000

Sodium Acetate   5.000

Magnesium Sulfate   0.100

Manganese Sulfate   0.050

Dipotassium Phosphate   2.000

Agar 15.000
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1,000

121  15 psi.       15

3.  Peptone water  Atlas (1993)

Peptone 10.000

Sodium Chloride   5.000

1,000

121  15 psi.       15

4. Salmonella (Rappaport-Vassiliadis Soya Peptone Broth, RVS)

Soya peptone   4.500

Sodium chloride   7.200

Potassium dihydrogen phosphate   1.260

Di-potassium hydrogen phosphate   0.180

Magnesium chloride (anhydrous) 13.580

Malachite green   0.036

1,000

115  15 psi.   15
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5. Salmonella (Tetrathionate broth, TTB)

  Beef Extract   5.0

Peptone 10.0

Sodium chloride   3.0

Calcium carbonate 45.0

Sodium Thiosulfate (anhydrous) 38.1

Oxgall   4.7

1,000

45 iodine

solution 19  brilliant green solution 9.5 - 7.0 

 hydrogen chloride 1 N

6. Salnonella (Hektoen enteric, HE)

Peptic Digest of Animal Tissue 12.0

Yeast Extract   3.0

Bile Salts   9.0

Lactose 12.0

Sucrose 12.0

Salicin   2.0

Sodium chloride   5.0

Sodium Thiosulfate   5.0

Ferric Ammonium Citrate   1.5

Agar 14.0

Acid Fuchsin   0.1

Bromthymol Blue 65.0

1,000
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7. Salmonella (Xylose lysine deoxycholate, XLD)

Yeast Extract 3.00

L-lysine 5.00

Xylose 3.75

Lactose 7.50

Sucrose 7.50

Sodium deoxycholate 1.00

Sodium chloride 5.00

Sodium thiosulfate 6.80

Ferric ammonium citrate 0.80

Phenol red 0.08

Agar 12.50

1,000

8. Tryptic Soy Agar (TSA)   National Committee for Clinical

Laboratory Standards (2003)

Pancreatic Digest of Casein 15.0

Enzymatic Digest of Soybean Meal   5.0

Sodium Chloride   5.0

Agar 15.0

1,000

 121  15 psi.       15
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9. Muller Hinton Agar  National Committee for Clinical

Laboratory Standards (2003)

Beef Extract Powder 20.0

Acid Digest of Casein 17.5

Starch   1.5

Agar 17.0

1,000

121  15 psi.       15

10. Mueller Hinton broth  National Committee for Clinical

Laboratory Standards (2003)

Beef Extract Powder   2.0

Acid Digest of Casein 17.5

Starch   1.5

1,000

121  15 psi.       15

(Short Chain Fatty Acids, SCFAs)

(ceacal digesta)

asphyxiation  CO2  

-20 
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 (  Biagi et al., 2006)

1.  ceacal digesta 4 

2. ceacal digesta 1  Microtube 1 

vortex Centrifuge

14,000 rpm  4  10 

3.  Micropipette  (Supernatant)  Microtube  2

4.  Micropipette  (Supernatant)  Microtube  1.5

4 Gas

Chromatography

 GC Grade  Fluka 

 (EC label 94425)  (EC label 19215)

(GC Grade) 2

 Gas Chromatography

Gas Chromatography

(Shimadzu Model GC-2010 High-end, Shimadzu, Kyoto, Japan)  flame ionization 

 Detector (GC-FID)  1  Silica capillary column (DB-WAX,

30 m  0.25 mm i.d., film thickness of 0.50 m, J&W Scientific, CA) 150 

 (He)  1.4 
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1:20 Column

Detector  225 

(Retention time) (Area) 

 Immunoglobulin G (IgG)

 12

 centrifuge 3,000  10

 Immunoglobulin G  ELISA (Enzyme linked immunoabsorbent

assay)

 ELISA

1. 

2. 
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3. 

 goat anti-Chicken IgG  IgG

 peroxidase  IgG

4. 

 TMB 

-

 (optical density  O.D.)

1. Microtube well

2. ELISA plate reader

3. ELISA Coating Buffer (Carbonate-Bicarbonate 0.05M, pH 9.6)

4. ELISA Wash Solution (Tris 50 mM, NaCl 0.14 M, Tween 20 0.05%, pH 8.0)

5. ELISA Blocking Solution (Tris 50 mM, NaCl 0.14 M, BSA 1%, pH 8.0)

6. Sample/Conjugate Diluent (Tris, 50 mM, NaCl 0.14 M, BSA 1%, Tween 20)

7. Enzyme Substrate (TMB)

8. ELISA Stop Solution (H2SO4 0.18 M)
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Immunoglobulin G (IgG)

 Coating Buffer  100  well

(20-25 )  1

 5  Wash Solution

 Blocking Solution  200  well

(20-25 )  30 

 5  Wash Solution

 standard 100  well

(20-25 )  1

 5  Wash Solution

 HRP detection antibody  100  well
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(20-25 )  1

 5  Wash Solution

 TMB Substrate Solution  100  well

(20-25 )  15 

 Stop Solution  100  well

450 nm

IgG  standard curve

 standard curve

 Chicken Reference Serum (6.25 mg/ml IgG, RS10-102)  Sample Diluent 

 8  200, 100, 50, 25, 12.5, 6.25, 3.12  0 ng/ml 

 IgG

 IgG  standard curve IgG 



123

 standard curve

5 3  IgG 

 Y  X

5   IgG 

 IgG (ng/ml) 450 

200.00 2.46

100.00 1.61

50.00 0.78

25.00 0.48

12.50 0.27

6.25 0.19

3.12 0.15

0.00 0.00
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2   IgG 

          

3  linear regression

Y = 79.578X-9.4478

R2 = 0.9807

   Y  IgG  ng/ml

    X 450 
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2 . 2528

15/4 .  83150

 ( )

. 2550)

 (Honorable Mention Prize) 

47 17-20

. 2552 




