gilnsalnay3Emisnanes

3.1 mmndl
Fomrandl

1. Adjuvant complete Freund

2. Ammonium acetate

3. Ascorbic acid

4, Bovine serum albumin (BSA)

5. Citric acid

6. Conc. Sulfuric acid (11,S0,)

7. Disodium hydrogenphosphate (Naz'HPO_,. 12H,0)
8. Ethylenediaminetetraacetic acid (EDTA)
9. Ferricchloride hexahydrate

10. Ferrous ammoniumsulfate hexahydrate
11, Gelatin

12. Horseradish peroxidase goat anti-pig IgG
13. Hydrochloric acid (HC1)

14. O-phenylen-diamine-HC1 (OPD)

15. Potassium chioride (KCl)

16. Potassium dihydrogenphosphate (KIH,PO,)
17. Potassium permanganate (KMnQ,)

18. Sodium carbonate (Na,CO,)

19. Sodium chloride (NaCl)
20. Sodium hydrogencarbonate (NaHCO,)
21. 2,4,6-tripyridyl-s-triazine (TPTZ)

u3tin

Sigma

Fisher Chemicals
Fisher Chemicals
Sigma

Merck

Merck

Merck

Fisher Chemicals
Fisher Chemicals
Fisher Chemicals
Merck

Sigma

Merck

Zymed Lab
Scharlau
Scharlau

Merck

Scharlau

Merck

Merck

Fisher Chimecals
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24, Trichloroacetic acid

25, Tween 20

3.2 ginsaluazineilo
fandoaile

1. 3~way stopcock

2. 96-well microplate

3. Aluminium foil

4. Atomic absorption Spectrophotometer

3.Centrifuge

6. Cuvette

7.Analytical balance

8. Furnace

9. Micropipette

10. Microplate reader

11. Multichannel micropipette 200
12, Needle

13. Oven

14. Parafilm

15. Refrigerated centrifuge
16. Refrigerator (- 20°C )
17. Spectrophotometer

18. Syringe

19. Vortex
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ULE 400
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WCF-95L
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K-500 GE
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Merck

Scharlau

Vitn

Nipro Medical
Nalge Nunc
Aluminum

Perkin Elmer
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Sartorius
Heraeus
Gilson
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Nippo
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ThermoSpectronic

Nippo
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33.1 daimanes 1ignensnan 3 meWuf (Largewhite x Land race x Duroc) 8190 21 Su

b d *
§1u3u 168 3 utaTumaf 64 & madio 64 & Wi minmdn 7.5 an. Tasneunismansegnyns

nndaiieny 1 SuszldSunsfiangmin eSneenled) 15inu 2 83 anmnasgruveshdy
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3.3.2 anuazaennaaed Iauaadallly Figure 3.1-3.3

1. AennAaRlva 1.3 X 1.5 a5y, Sesdamuiluued 3§ 2 uedq az 6 aen 57
q’: 1 v dc{ Vv : o OF "9y 9 -:i £ = n’.:
Nevua 12 Aonde 1 vieanaaed I lMhuuuguegauniinen Nldemsuuysdans

9 o5 ar A & e ¥y ¥ 9 o~ q v
HUIABDN AANUNWUADN HﬁzllwlﬂiilﬂuﬁﬂfiI.HJTJQHllﬁﬂ‘ﬁl‘ﬂ!ﬂﬂﬂlﬁl?uﬂﬂluﬂ'I-’J\‘l

A)
1 2 3 4 5 6
\\ Uszg NLAY
i 8 9 10 11 12
B)
T4R1 | T5R1 TiR4 | T5R4 T4RS | T6R6 T4R6
T5R2 | T3R2 T4R4 | TTR4 T3R5 | T5R6 T2R6
T7R1 | T2R2 T2R4 | T3R4 T6R4 | T7TR6 TiR6
TiR2 | T6R1 T3R3 | T6R3 TI1R3 | T2R5 T6RS
T3R1 | T2R1 T7R2 | T4R3 T2R3 | TIRS T7R5
T4R2 | TiR1 T6éR2 | TSR3 T7R3 | T3R6 T5R5

-
«

sidewalk

-
>

Figure 3.1 Plan of experimental cage (A). 168 piglets were randomly allotted into 7 treatments, in

each treatment, 24 piglets were used where 4 piglets were kept in each pen, totally 6 pens (B).

l Ssa 4 / A e i e

Figure 3.2 Experimental cage design. (from Kittiwat Farm)
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Figure 3.3 The replicate cage for 4 pigs. (from Kittiwat Farm)

3.3.3 MINWHUMINAGRY HazMIIATAIABANARDY
3.8.8.7 'muwumimnmuumjnﬂaaﬂ (completely randomized design: CRD)
utsngunaasseenily 7 nqu 14e1m15naneafanua 7 903 IuAagszozu0Ins
wIgyAL e
qmsﬁl (T1) :mmiqmmﬂsgmmmﬂﬁn (CONT) (GON 224 mg/kg)
qﬂsﬁz (T2) : IMI5EATUINTTIUVBINITY (GON 224 mg/ke) tasuunuu-Tolsan
198 (GON) 3,000 mg/kg Y9I0IH15
qmﬁ'ﬁs (T3) : ®IMISEATNIATT VRIS (GON 224 mg/kg) taSuaisanalils
wou I5 lseiiau (PA) 82 un./AN. ¥DIOINI3
qmﬁat (T4) : IM5gATHIATFIUVIYITY (GON 224 mg/ke) taFuunuun-Tolsan
192 (GON) 100 un./nn.uazarsana lUsueu s lweniiau (PA) 65 un./
AN, VBIDIN3
gasiis (19 : ewnsgannasgveshsuinaunui i ndehdmiiont 2%
(GON 540 + PA 204 un./Af. Y8991H13)
qasiie (T6) : owsgannassuvesiufinaunuirfadieidamiend 4%
(GON 1,080+ PA 408 1f./AN. Y89811115)
gasii7 (7)) : owsgasnasgvesrhiufinaunuindaeitmiond 6%

(GON 1,600 + PA 612 4f1./AfN. YIDINIF)
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NG

1. BM15gATAINAY Asgasennsi 1§Unalihfuiinsmanesiiifavi 2%

2. mataSunnn-Telsrueaadalus imsudazgasdredsnmiSmafinuzin
W#lunu Tudavaz1¥ua sr0aaTonaifia Tsanuds Tsamale nazTsanudu fssdy
450 ¥A./3U (cited by Teltathum, 2004) uazmsisymsana Mlsusuls leoiinuTagsau 250
unAu dnsennsyauiinuain i luay (Hertog et al., 1993) Gimisannmluniasuan o
foit 1-2)

3. aM1MARBIgATT 4 SuBwmnszduunnn-Telswmeadnusi A unulng
300 un./3u oz TafsueuTr lworiiau 200 unsSu Tumnimin 70 an. é'etfuqns 16 Af. 9%
1R5Y 100 un. uaz 65 unse WS 1 An. AwddL GEmssmnalumenuand n 9o 3)

4. msl¥iluemisdnase 19519191 uazlugasiididnmilsd e 145141
mileaumudisthavm uasdius Tnvuey TasmwizdmdsaniTils@u uazifelalu phase
pnfuliiiilndfsesiu Giasdnnalunamins n do4 4)

3.3.3.2 mstadadidinennaass vinrsguansdlundazaen uahiaqns 4 &40
aen i 1 41 nozihmsduemaneslifugniusazaen $1u3u 6 aon (6 41) AvnTu
NADY Tﬂﬂi’(ﬂﬂiﬁ 7 nqumansafhiminmaoiiu 7.46 7.40 7.44 7.53 7.46 7.53 uaz 7.51
na. AWA AU

334 msl¥erms

ammanesit ITmanmy Tminndulan iiseendu 4 zes ANANATE IO TS
1§nﬁfaaqnsvaqﬂ1§umnﬁ:aq) 10195201 phase feeding (Table 3.1) A419A0 33027 1 (phase
1) 2IMI 9T QARTUANGAT (Table 3.1) kasvimisdruin Idgns 185uemsdazdszan 5
an. diegqnstumuandy Sunfdouiue s gas szoz# 2 (phase 2) Tignsfiudedn 8 na/da
suvR iiegnsunuauda Senfdouituemisgasszor® 3 (phase 3) 1ignsfiudedn 8 nn./
# ounun iiioqnsiunuaud Suldoutue s gassosd 4 (hase 4) Tiqnsfiudesn 7.5

. a2 " . 2 g g
AR/A sunIA foddugamsnaaes qrsnnda9z 18T vemsuaziedaluf (ad libitum)
mmwanmi‘%‘l%’wﬁmsé’a’lnﬂuﬂ’i’u HandesFammanng 7 an. ldasludserms

aathednefedredfia1efiu
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Table 3.1. Experimental diets and chemical composition of phase 1* (continued)

Treatment (%) T1 T2 T3 T4 TS Té6 T7
Feed composition
Broken rice 24895 24895 24.895 24895 24.895 23 21
Dicalciumphosphate 3.75 3.75 3.75 3.75 3.75 3.75 3.75
Fish meal 62% 6 6 6 6 6 6 6
Full fat soybean 36% 30 30 30 30 30 30 30
Monodicalcium- 0.2 0.2 0.2 0.2 0.2 0.2 0.2
phosphate 21%
Limestone 11 i1 1.1 1.1 11 1.1 L1
Salt 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Tallow 1.85 1.85 1.85 1.85 1.85 1.85 1.85
Sweet whey 12.5 12,5 12.5 12.5 12,5 12.5 12.5
Nuklospray K10 15 15 15 15 15 15 15
Premix" 2.505 2.505 2.505 2.505 2.505 2.505 2.505
Gamma-oryzanol 0 0.3 0 0.01 0 0 0
Proanthocyanidin 0 0 0.0082  0.0065 0 0 0
White rice bran 2 2 2 2 0 0 0
Purple rice bran 0 0 0 0 2 4 6
Total weight 100 100 100 100 100 100 100
Chemical composiﬁo_n )
Crude protein 23.24 23.24 23.24 23.24 | 23.28 23.43 23.58
Crude fat 10.07 10.06 10.06 10.06 10.10 10.37 10.64
Crude fiber 2.38 3.13 3.13 3.13 3.02 3.13 3.24

* Calculated feeding 5 kgs per pig {around 10 days).

* Premix contained vitamins and minerals; 20% iron sulfate 0.07 kg diet.



Table 3.1 Experimental diets and chemical composition of phase 2* (continued)

Té6

Treatment T1 T2 T3 T4 TS T7
Feed composition
Broken rice 36198 36.198 36.198 36.198  36.198 34 32
Corn 3 3 3 3 3 3 3
Dicalciumphosphate 25 25 2.5 25 2.5 2.5 25
Fish meal 62% 5 5 5 5 5 5 5
Full fat soybean 36% 35 35 35 35 35 35 35
Soybean meal 44% 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Monedicalcium- 0.9 0.9 0.9 0.9 0.9 0.9 0.9
phosphate 21%
Limestone 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Salt 0.2 0.2 0.2 0.2 6.2 0.2 0.2
Tallow 22 22 2.2 22 22 2.2 22
Molasses 1 1 1 1 1 1 1
Sweet whey 2.5 2.5 2.5 25 2.5 2.5 2.5
Nuklospray K10 5 5 5 5 5 5 5
Premix’ 24025 24025 24025 24025 24025 24025 2.4025
Gamma-oryzanol 0 0.3 0 0.01 0 0 0
Proanthocyanidin 0 0 0.0082  0.0065 0 0 0
White rice bran 2 2 2 2 0 0 0
Purple rice bran 0 0 0 0 2 4 6
Total weight 100 100 100 100 100 100 100
Chemical composition
Crude protein 21.87 21.37 21.87 21.87 21.91 22.06 22
Crude fat 10.28 10.28 10.28 10.28 10.31 10.58 10.85
Crude fiber 3.28 3.28 328 3.28 3.18 3.28 3.39

* Calculated feeding 8 kgs per pig (around 14 days).

* Premix contained vitamins and minerals; 20% iron sulfate 0.035 kg diet.
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Table 3.1 Experimental diets and chemical composition of phase 3* (continued)

Treatment Ti T2 T3 T4 TS Té6 T7

Feed composition

Broken rice 32.7 327 327 327 327 32.7 30.7
Corn 10 10 10 10 10 10 10
Cassava 3.1 3.1 3.1 3.1 31 3.1 3.1
Dicalciumphosphate 1.25 1.25 1.25 1.25 1.25 125 1.25
Fish meal 62% 5 5 5 5 5 5 5
Full fat soybean 36% 35 35 35 35 35 35 35
Monodicalcium- 0.9 0.9 0.9 0.9 0.9 0.9 0.9
phosphate 21%

Limestone 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Salt 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Tallow 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Sweet whay 2 2 2 2 2 2 2
Nuklospray K10 1 1 1 1 1 i 1
Premix’ 2.55 2.55 2.55 2.55 2.55 2.55 2.55
Gamma-oryzanol 0 0.3 0 0.01 0 0 0
Proanthocyanidin 0 0 0.0082 0.0065 0 0 0
Wheat bran 2 2 2 2 2 0 0
White rice bran 2 2 2 2 0 0 0
Purple rice bran 0 0 0 0 2 4 6
Total weight 100 100 100 100 100 100 100
Chemical composition

Crude protein 20.41 20.41 20.41 20.41 2045 20.59 20.74
Crude fat 9.76 9.75 9.76 9.75 9.79 9.90 9.92
Crude fiber 3.28 3.28 3.28 3.28 3.18 3.28 3.39

* Calculated feeding 8 kgs per pig (around 14 days).

* Premix contained vitamins and minerals; 20% iron sulfate 0.035 kg diet.



Table 3.1 Experimental diets and chemical composition of phase 4*

46

Treatment T1 T2 T3 T4 TS T6 T7
Feed composition
Broken rice 5 5 5 5 5 5 5
Comn 46.3 46.3 46.3 46.3 46.3 46.3 46.3
Cassava 3.58 3.58 3.58 3.58 3.58 3.58 358
Fish meal 62% 5 5 5 5 5 5 5
Full fat soybean 36% 10 10 10 10 10 10 10
Soybean meal 18.5 18.5 18.5 18.5 18.5 18.5 18.5
Monodicalcium- 0.95 0.95 0.95 0.95 0.95 0.95 0.95
phosphate 21%
Limestone 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Tallow 2 2 2 2 2 2 2
Premix’ 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Gamma-oryzanol 0 0.3 0 0.01 0 0 0
Proanthocyanidin 0 0 0.0082  0.0065 0 0 0
Wheat bran 2 2 2 2 2 2 0
White rice bran 4 4 4 4 2 0 0
Purple rice bran 0 0 0 0 2 4 6
Total weight 100 100 100 100 100 100 100
Chemical composition
Crude protein 19.60 19.59 19.60 19.59 19.64 19.68 19.73
Crude fat 6.46 6.46 6.46 6.46 6.49 6.56 6.67
Crude fiber 3.73 3.73 3.73 3.73 3.62 3.713 3.83

* Calculated feeding 7.5 kgs per pig (around 5 days).

* Premix contained vitamins and minerals; 20% iron sulfate 0.035 kg diet.
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3.4 matiufindeyanazmsiiudeens
3.4.1 TuiinfSmnaemnsiiou fimstuiindSinaemsignsiuluudazfu Taeds
omnsimasuazAne s lninniu dwmsumsinanlSunaemisiigasiuluudas Yu /i

TanhiSumemsnAumaeluudazdu liavesnamlfinaemsaldgasiulundaz iu

L
o o

3 v ] 1 T
3.4.2 Yahmngnsuaasda mssaimingng udsns Sudeiinm 14.00 u. Tag

9 1 T

T¥azn$1ldgnsneunneasuumdsvuia 50 nn. daly Figure 3.4

q

Figure 3.4 Each pig was weighed once a week on Tuesday at 2 pm.

] E H
3.4.3 mafiuiedeemaiems IATH MimsquiRudlsgeemyansanNng
1A g By o 8 =) ad £ a o
HeaueIns Tna et 1dimsigimesnilsenoumaniiTasds AOAC (1984) dezlinseH
v1iaguie TdsAuTaesan luifuTassau weleTagsau 14 uazsamdnlueminaass

=y = a
(510ALBIATTNISAATISH HEAs TUMANLIN ¥ LazdD 3.7)

3.5 MSANYITIUANITDNNNITHER

o 2R = Aa g’ v w A 9 ) :J v w oA A 3 a a &
‘]Juﬂﬂ‘]_‘ill'lﬂiﬂ"m'l'iﬂﬂu HINUNAUTUAU ﬂiﬂu1ﬁuﬂﬂlﬂ!ﬂﬂﬂuﬂﬂﬁﬂﬂ1ﬂ VUNTTTN

q
g o 9 ci a =) :i.a =§ T o : o o d' ﬂ:'n dgJ
FUEANITNATDY uwayaﬂ"lﬁ’"lﬂmmmwnJimmmm'mnumaﬂﬂmu HIVTUNAINIWLUU

[ 9
89T IMIIYAL lamdsaedu oasinsuanile Usz@ninmms ldewns
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o -~ ey : o e A rg
savmsieTydvia (kegd) = imindaffiuiu (kg)

FEUSIANINGS (d)

sasInsuanie = Wsuetwishnu (kg)

- |
HWINWUDAINAIUY (kg)

i T o’ & o oA A 4‘
UseiinBamnialdemns = dmindafiidy (o)

e msiau (ke

3.6 M1sfinITMszUNg RN
3.6.1 manszdugiiquivlugngnsdas Bovine Serum Albumin (BSA)
msnIouusudiousyld BSA avaiolu Phosphate buffer solution g1 1ymausy
Freunds’ adjuvant TualSunaming fu Taold 3-way stopcock noudsud gz hldadnla

Amudenszqupiifuiulugagnsluiui 1 14 uaz 28 vesnsmanss

3.6.2 m3iudiedidengns

gagnrey 185 unsnszdugiiduiy 3 n¥s Taeld Bovine Serum Albumin (BSA) u
Fuil 1 14 uag 28 voamsnAnBs (Figure 3.5) uaziiuisiudeagnsnnduiioaiine lda
lunaeafiimstlosfumsuiieinvesdion  sewihliusnedndidhumaauiy ¥
gaungil -20°C nﬁaﬁmﬂa’fnnzﬁ’ugﬁﬁ’uﬁ'u‘lu%’uﬁ 1 14 28 3500 42 ¥83n13NAaLY Tagld
mAA ELISA (Enzyme-Linked Immunosorbent Assay)



49

“UOHBZIUNUIUI PUE UOTIS{[00 POO[q JO WeiBold ¢°¢ aandig

gt 87 [ X4

14!

s UoT33[[03 poolq

SAepTeIL

vsd

vSd

—

vsd

UOpEZiuToTnT



50

3.63 msfinnazdnueivenlnnedeia BSA Taeld indirect ELISA

HANNIS |

indirect ELISA fiuin1snameunueuiivedfisuwzludadiasie Tanndou solid
phase A1ausvAINY omueuAusn Iz AetpuRouTinGsy solid phase HBUAVIDAA Y
furimeudnudindn wianndudnit hivinl§isneenuds musuAueaiaanandi
teu'lanl (conjugated) aalhufSinafinnitume e ueuivsafannandseulrioon
udalufin substrate Msnldounrlaves substrate stiffudaduTasnssutSnuneuues
TuFsdansie (Crowther, 1995)

3Em3vh ELISA (Figure 3.63.7)

1. 14 Bsa fimrundudu 10 unun. wdouasly 96-well microplate $7UIU 100
TuTnsdnsmau ud incubate 7 4 °C U 16-18 $2 T

2. 80 plate #28 washing buffer 200 T TasBasmau sunsy 3 a¥s udaAn 2% gelatin
200 TuTasBasmau ud2 incubate # 37 °C wm 1 $2 T

3. 814 plate #206 washing buffer 200 TuTas@asntgy suasy 3 ava udaudn pig plasma
100 TuTasdasmau uda incubate 7 37 °C wms 1 3T

4.4 plate #20 washing buffer 200 'l TAsEAsMAYN SuATY 3 A3 UFURY horseradish
peroxidase conjugated goat anti-pig IgG 20 T TasAas/mqu ud) incubate # 37 °C uu 1 $2Tae

5. &1 plate A70 washing buffer 200 Ty TAsAas/may suAsy 3 A3a uFURY substrate
solution 100 11 Tasfas/Mau &2 incubate 1 37 °C WL 30 UTH

6. 1A stopping solution 100 TuTasGasmau wdni‘lle A daomies Microplate

2
reader M1 492 nm
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€Coated plate with BSA 10 mg/ml for 100 pliwell

Then incubated at 4 °C overnight

l

Washed plate by 200 pl/well washing buffer 3 times, then added 2 % gelatin 200 pl/well

The plate was incubated at 37 °C for 1 hour

Washed plate by 200 pi/well washing buffer 3 times, added pig plasma 100 pl/well

Incubated at 37 °C for 1 hour

Washed plate by 200 pl/well washing butfer for 3 times, added horseradish peroxidase

_conjugated goat anti-pig IgG 20 pl/well and Incubated at 37 °C for 1 hour

Washed plate by 200 pi/well washing buffer 5 times, added substrate solution 00 iwell

incubated at 37 °C for 30 minutes
pl/well stopping solution was added
Read the optical density al 492 nm by ELISA reader

Figure 3.6 Diagram of indirect ELISA method for screening antibody titer in mouse serum
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Figure 3.7 Determination of antibody titer using indirect ELISA method, the high IgG titer well

showed intense yellow and low IgG titer well showed light yellow.

3.7 mymszvSnusiguanlud¥u (9a, 2525 1Az Caraway, 1963)

wanms : manluzives Fe’ 1239080 TPTZ (2.4,6-tripyridyl-s-triazine) iRaily
mmilszneuddoudinemeldalumsnzawiifunse uaslididude pa getuaulnd
Wunane uazd pH Wudseznlfenliiinddanuamagagalunseanduuessiinoy

818U 593 U IUUAT

U =3 = s - .
MIMAUNANIUFTU (serum iron analysis)
1. gagsuriumsanazneu lsAueenuda laaslunasanaans 2 waseq az 1 ml
A& = 1 = A = T
NADANHUVIUI serum blank BNV ADAY UIVYU I serum test
2. 4 :
2. a5 Aninman 1 ml asludnvasaniia ud e reagent blank
3. Well ascorbic acid 0.3 g 1 iron buffer 10 ml Ao 14
¥ 1 ¥
4. 9@ iron buffer N1 reducing agent Masoulude 3 lavasaag 1.0 ml W19 3 vasaud
¥ ¥
fane By 4 i
v '
5. e TPTZ a9 llluvaeafi@ionit serum test LA reagent blank HavAAS 0.5 ml
Ed v v [l
wdudnh 0.5 ml avldluvaeafi@oudn seum blank wdnhlilswsmganduuasiisaenty
i Ed ¥ v v
595 nm 114 reagent blank @3 0 11A281UMYDL serum test 2NTUIFINAURT 0 1B UM

serum blank (Figure 3.8-3.9)
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MIAIHIN

SI=Au-Ab _Cs pg/dl
As-Ab

Au = AMIYANAULAIYDY unknown

As = INIRANAUUAIVDY standard

Ab = f1M3ANTAULAIUD blank

Cs = AmanududuvesasazasasgIU (200)

Figure 3.9 Free of iron in serum blank (left) and iron serum showed blue colour (right).
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3.8 MYINTIZMeata
- 2 a A w4 oo dd D

hdeyadumussonmanria Ralfanuemufifumdsdetu dmingdiuiy
o - A v e o 4: =,
gasmsnig@ulamdedeiy  Savmsuanile  wndmrzdearumbdimuumain
(one-way ANOVA) dhudeyaueudved 1633 Tames nnzifinasqminludsu osnnd
- t a o O R v a8 P! -, J
iFuduneumsnanesesdaudnzdailimana iy Saideynd lWnnnsmaasanins
A5 1)59U5 9% (analysis of covariance; ANCOVA) TaaldTalsunsudnTegal spss
3.9 aeuiIns iy

1. Andianihiu e, asvazifia 0. Boeluy

9/ £ aron a o ~ o & 9 o, gy, o
2. venlfidmsemidal nnindarenaad raydeufildnsoms aasnsasmeand
umMInndoFeInsi



