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Fo R R NEBINEATUAERE ha S L RICER - AREFBF AR - Asll 5 EM RS
o S E - DU AR e R IR ST - S AR AE RV e T - SUBRILER AT 48 BH 32 — 35 Hilk
Z LYD =5 - RIERIBIEGEE 4 JRREA - f9pRE 6 B1E - FEE 2 B (ARSF) - SRR S 20%
HEHE L 3,400 keal/kg HIH{EAE - 8 - WELSR S B3 H By 140 mg/kg ~ 0.15 mg/kg B2 20 mg/kg - — (i B 4H &K 77
AlE 2 e~ lEhh > SUBRILETT 4 3 - SUBRGEIREUR - (EEREI (AR ~ IR I B8 2 (R - SR e -
FHRERE ~ FME - R R B ARG B E 2 2 - SOMEFFIIRMIR - TR Z e BRI 2 - 1E
IERNE » R 2 (EANETRE > AR EEREE T IgA ~ IFN-y » TNF-a BI{EHEAK pBD-2 JRIES R S i $HIRAH (P <
0.05) - [fERAT 2 {Er s i A fE B IR PR > FIRBE 2 52 - &R RARAREEUT - GRET 2 (ElhEaHE - BN ARIEUGE
AR ERIERE - (HATETT IgA ~ IFN-y ~ TNF-a B HEIR pBD-2 R - ABIRRTHF RIS -

R PIEREAR ~ BRYITER - 758 - T -

4

o~ BB ERYE - A ENZAVERITE o K T HEVIHILFAEEEE N - BEMPFETER 3
KEFF 100 — 200 mg §7 (Almond e al., 2017) - NiHEWTTIEH - BE W ETFEA LR > EEEWHALITFET
A A R EARS I A KT SE - SOE B AL S TR A - BEUFFERIAE RIERE NFE (Perri ef al., 2015) > §5%
SUEMARMNTFNEED St EAMEEEMIVME - KBTEREEZ B GRHIEZLZ 2 (1990) £ National
Research Council (NRC) (2012) » #ERE{F5EHY SRR 22 & fy 80 — 150 mg/kg » fEBFEEDR RV ETHE & 140 mgy
kg » DUBRATFHE S A GREEIMEE M - EEETT > 8% NRC (2012) NS EHEEREE R 0.2 — 0.15 mgke - MEINE
FaeA R AV IETT & 5 0.15 mg/kg (TEEEZEGHREBZEE > 1990) - HEHIELY) " Bl EEE
{EB# , (glutathione peroxidase) HIRY ST » Wli¥ 54 & B A PRGN R E BT A LAYIER (Rotruck ef al., 1973; Gelderman and
Clapper, 2013) = 554 » {35 NRC (2012) BT Z B FRIBEE T (1990) HEMHEHAVEEE /2 — 4 mgy
kg [EEFEEIRIPERVIETHE R 20 mgkg « $EAEFRKILEY) - Bl REABEEHOEN @ ife#Ema s
BB nnssh fetE S YR EES (superoxide dismutase, SOD) JEEFIE %24 5 (Kerkaert ef al., 2019) -

FHEPEE AL TR BN A RIREL - g E M - FNTRECREE T - ERIER - REREENSE
[ RZE [ RH (Blecha and Charley, 1990; Pluske et al., 1997; Yin et al., 2010; Yao et al., 2012) - ${ [ ERK (antimicrobial
peptides, AMPs) & 478 £ (%) ) Ja K1 %% (innate immunity) #Y—#& 73 - B R X 5 MRI R MR 4H R A L B
HIYEH (Zasloff, 2002; Brogden ez al., 2005) - {ERFALHF YRR - # RAVPTEREICE DUERK (cathelicidin) B!
2 (defensins) {iAHH o Cathelicidin HTEFERR—fEHT 12 — 80 (Bl AEEAHRY » = SREEE - KoM FIH Rk 15
THeEN - Ryt IERERINERK - W EAR/KYE (hydrophilicity) BLgR/K 4 (hydrophobicity) Rt » FEAAER H 1M

|

) TTEbE R EZ B g BT I B 55 2689 55 -
Q) TTBIEREZ g FERRATEE -
(3) #EN/EFE > E-mail: fcliu@mail tlri.gov.tw e
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FREA B EEANAE & (Zanetti, 2004) - &€ cathelicidin 47 ¢ 3 8 - E 43 % & HEfE B (proline-rich) Y cathelicidin ( %1 PR-
39 ~ Prophenin 1 B2 2 ) ~ ‘5 disulfide bond fffK ( 4 disulfide-rich protegrins 1 — 5 ) DL S #EH & arginine/histidine #J AMP
(Sang and Blecha, 2009) - H o ARIHTE ML PR-39 BH5E45H » PR-39 735 EVEART - (B2 (G4H AV ADR +
B 4 R AR S T B DD R A B A R Y g - 1 B AT DATE4HE DNA BiE B Gk T B A R AR AR Y 5 %
MR LI A AR P9 Y AR B AR 38 (E S (Boman et al., 1993; Li et al., 2000; Bao et al., 2001) ©

5B E (defensins) —f%HH 15 — 20 {ERERREAHRE - BLFE 6 — S {EMEHTL - BimaE IRk - BEATREDT
M ~ ERESNEFRREER - EAisay) (FEIR ) fENFE S ER E RS - B5ERE T HEER 5% AR (paneth
cell) FEKIA » B FFERG 1B 2 AR R AE 38 S BN » IEE B AV RTSEY)4C B & B VI BIRCA E RV RE (R K 2R
i - DRESUR ARVEIR < 8 R8I R iR aT 2R A B- EEE 1 (B-definsin 1, pBD-1) B 2 (pBD-2)
(Shi et al., 1999; Sang and Blecha, 2009) » HHHIEIEIL pBD-2 AR B s R E & 7T > AT Hig = R EN
E5GENGENEEE (Veldhuizen er al., 2006) « (RItE - Aa{EpiE IR = GtEss - SRt = & - MG R
BE ~ MURMEIR ~ RIEEREN - OIMBKEE BT - 4Hl0ME - PR-39 B pBD-2 2 B E -

MFEET A

ARBR TR EEZ S EaAirE sl & g7  SBE o - el kEBAE - &5E
BB E e e NE DL E B 106-22 SRR -
L BRSNS AR i
sERER 32 — 35 Hilk LYD = i@ FEsc 74 48 B - (IS B B Il o0 pPU iz 3 - 45 2 BHBH—H - 2L 24 B (&
REY) > SEE 6 HYE - FUET R A 0.5 m AFERHE 30 kg B EAVETRHE o SERIARTRT& - 12t
FEITEREIOK - dEFRFEOR 28 — 30°C 0 WiiC & EREREEICR - DR ESNIZE R E o sERiET 408 -
B EREE - SHHRAH P ARG = 20% fHEE E B B 3,400 keal/kg FIUH{LAE » 88 - WEERLER 72750 K 140 mg/kg ~ 0.15 mg/
kg 81 20.0 mg/kg ; FriH4H AR 77 BIHE S B IR AH MR TP e A B B & - B 2 B8 (R 1) -
L. HEHE
AR SRR ENGE R E - SRS ERMERE - o hlfEstEaiiG HEGE K H - 77 plEREE 48
FEEBR AR RS 5 mL (EREERITEE R 4 — 6 /NI ~ SHERAFAREE BREE - (A& EDTA (9 10 mL £RI%E ) 5347
MR MR ~ SRR ~ HIMBREE B R E - RN ERE - PR-39 Bl pBD-2 SR -
() AR

gy Al e ERER LA HELGE TR H - BREEMURA W fho iR 2 48 0 - SEREEET - =B H s - R
PRZ BRI AT E IR & & - e &y Hitach 75 4E{L7r M8 (Hitach 7170, Japan) 3l AR 4L {EELH
SHT4EEE F{E (No. 993-52901) ~ 4HBEFEEE (No. 21.862.1175) ~ =& H s (No. 21.862.1705) LI BILEEHT (No.
277-10501) & & (Wako Chemical Com., Japan) °

(i) feyEERkEH ~ PR-39 ~ pBD-2 & & 731f

MR &S MMER 73 #rf& (Sysmex XN-1000, Japan) JHI7E H EKEE - BEEEME A MMEK - WEilgtd o fmEk ~ 6k
Bk ~ BAZBREL S BERE P M T 3R 43 L -

7% e R 2 (B E R & &0 » DL Multiskan™ FC Microplate Photometer 4347 (Thermo Fisher
Scientific Inc., USA) Eil Bethyl Laboratories 7\ 5|42 2 Pig IgA 2 Gk )% (enzyme-linked immunosorbent
assay, ELISA) Z4H (No. E101-102) - Pig IgM ELISA 41 (No. E101-117) ~ Pig IgG ELISA £4H (No. E101-104)
LKz Porcine ELISA PR-39 (BlueGene, China) f{1 Porcine ELISA pBD-2 (ABclonal, USA) Zpg3¢E4H » UEE
450 nm SHISEEE - WEc &R - SFRMEEEmAY IgA ~ 1gM ~ IgG ~ PR-39 B pBD-2 JRJE -

(i) HHAEDEE A

PA Merck Millipore Milliplex 5 {DI i 22 Gz W i 0% » F1FH DL ag B i o2 2 $i &5 [ 3 AR (= M (Pereira et al,
2012) © KoM DRGSR AR SR b FEHUR 4L BB ATIMEE AR » RSB B4R (color —
code) o BFEEFEA [FIBH 4R IB PR TE E B HE M E & O HIbies - PRk m P AU RN R E &
H o PHEBESEAEY)Z (biotin) FYEHIHTAS(EH - 1% 1A SAPE (streptavidin phycoerythrin) & 418G S JE -
Ll Luminex 200 #Uf#% 2% (Luminex Corporation, USA) » {54} 4 Z (Interleukin, IL)-1 (IL-1B) ~ IL-2 ~ IL-4 -
IL-6 ~ IL-8 ~ IL10 ~ IL-12 ~ Interferon-y (IFN-y) £ Tumor Necrosis Factor-a (TNF-a) & & °
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Bl SE ~ SITEE R > I SAS (2005) FYELEMR TS » fik—ME&R MERE S (general linear model procedure,
GLM) #EFTEE 5534 » M LB BTG 2 88801 252 (Duncan’s multiple range test) 17T RE FRAH A (E [ > 2= R EEE M
ST E P <0.05 FAREE 0 M P <0.01 2= R -

1 BBRirsE 2 e kRaH Rk

Table 1. The feed formulation for piglets experiment

Tesatass - o & BSR4 RIERE « MURMSIREL TR e 2 52 2

Items Dietary mineral treatment
Ingredients, kg Control diet Fe (x2) Se (x2) Mn ( x 2)
Yellow corn, CP 7.5% 620.0 620.0 620.0 620.0
Soybean meal, CP 43.5% 257.5 256.8 257.5 257.5
Limestone (pulverized) 8 8 8 8
Dicalcium phosphate 16 16 16 16
Fish meal, CP 65% 50 50 50 50
Skimmed milk 20 20 20 20
Whey powder 20 20 20 20
Choline-Cl, 50% 1 1 1 1
Salt (iodized) 5 5 5 5
Vitamin premix” 1 1 1 1
Mineral premix” 1.5 1.5 1.5 1.5
FeSO, « 7TH,0 0 0.7 0 0
Na,SeO; 0.0003 0 0.0006 0
MnSO, « H,0 0 0 0 0.06
Total 1,000 1,000 1,000 1,000
Calculated value
Crude protein, % 20.1 20.1 20.2 20.2
Digestible energy kcal/kg 3,439 3,439 3,448 3,448
Lysine, % 1.14 1.14 1.10 1.10
Iron, mg/kg 140 280 140 140
Selenium, mg/kg 0.15 0.15 0.3 0.15
Manganese, mg/kg 20 20 20 40
Analyzed value
Crude protein, % 20.0 20.2 19.9 20.4
Lysine, % 1.10 10.8 1.05 1.09
Calcium, % 0.85 0.86 0.83 0.84
Total phosphorus, % 0.63 0.65 0.64 0.63
Iron, mg/kg 140.4 280.5 140.3 140.6
Selenium, mg/kg 0.15 0.15 0.3 0.15
Manganese, mg/kg 20.1 20.1 20.2 40.3

* Supplied per kg of diet: Vitamin A, 6,000 IU; Vitamin D,, 800 IU; Vitamin E, 20 IU; Vitamin K;, 4 mg; Vitamin B,, 2 mg;
Vitamin B,, 4 mg; Vitamin B, 1 mg; Vitamin B,,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate, 16 mg; Folic acid, 0.6

mg; Biotin, 0.01 mg.

® Supplied per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Zn, 120 mg; Se, 0.15 mg; Cobalt (+2) sulfate heptahydrate 0.5

L

mg; I, 0.45 mg.
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FHENASEE - HIYE - SRE SRR TTH - SRR A EERE - HESURIE T > 8% - i sn E 0K
YraaartE R - o3 BIEFE SR MAIEKIP AL ~ #Ua 404k A RELVE RS  5 DUL ey BT S EREJIHRE - (HEE
LCHEYE TR R E N A BMEREEFE/N (Cao et al., 2014; Estienne et al., 2019; Kerkaert et al., 2019) » KiFF27R
BBLAER S o I > 6067 2 E 20V  hEEREaE - DA NEE TR E R IREMNIIER -

2. ARG - ANELGE IR BE 2 (R ERH TR ERY R
Table 2. Effect of feeding Fe, Se or Mn or double amount on body weight of LYD piglets

Dietary mineral treatment

Period Control diet' Fe (x2) Se (x2) Mn ( x 2)
n 12 12 12 12

Initial, kg 103£2.2 10.1£1.8 10.1+1.7 102%1.6
8"-d, kg 12.1+24 124%19 12.8+2.7 127122
14"-d, kg 159+2.7 16.0£2.1 16.5+£3.0 162126
22"d, kg 19.5+3.1 19.7+2.6 20.6 £3.6 19.8+2.4
28"-d, kg 23.613.5 2331238 248%23 24.0+1.8

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg; Initial at the age 32 - 35 days for 4 weeks; body weight at each
stage is not affected by the source and amount of mineral-added (P > 0.05).
" Mean * SD.

3. EREUE - WNERSE T H BB 2 R EIE A LRI E
Table 3. Effect of feeding Fe, Se or Mn or double amount on growth performance of LYD piglets

Dietary mineral treatment

Items Control diet' Fe (x2) Se (x2) Mn ( x 2)
ADG, kg’
n 12 12 12 12
1™ wk 0.35%0.12" 0.3410.11 0.37£0.11 0.36+0.12
2" wk 0.4510.10 0.4910.10 0.54 £ 0.06 0.50£0.09
3" wk 0.51£0.08 0.53£0.13 0.59£0.07 0.52%0.10
4" wk 0.61%0.11 0.56 £0.20 0.60£0.18 0.58£0.15
Whole period 0.47%0.07 0.49 £0.08 0.53£0.08 0.50£0.10
ADFI, kg’
n 6 6 6 6
1™ wk 0.5210.16 0.47+0.09 0.53+0.14 0.48 £0.08
2" wk 0.79%0.14 0.67%0.10 0.80%0.14 0.65%0.10
3" wk 0.98£0.13 0.84£0.08 0.99£0.13 0.85%0.08
4" wk 1.21£0.16 1.12£0.13 1.16£0.24 1.09 £0.15
Whole period 0.89+0.13 0.77 £0.09 0.90%0.13 0.78 £0.09
FC (Feed/gain)’
n 6 6 6 6
¥ wk 1.49£0.38 1.34£0.32 1.43+0.37 1.33£0.39
2" wk 1.76 £0.53 1.37£0.37 1.46 £0.29 1.30£0.42
3" wk 1.88£0.49 1.66 £ 0.38 1.66 £0.31 1.63£0.29
4" wk 1.98£0.42 1.93£1.90 1.93£0.55 1.88+0.44
Whole period 1.8810.44 1.59+£0.26 1.66 £0.41 1.59+£0.39

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg; Growth performance at each stage is not affected by the source
and amount of mineral-added (P > 0.05).
" Mean * SD.

* ADG: average daily gain; ADFI: average daily feed intake; FC: feed conversion rate.
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1L FFERT IR MR

BRET(FAEE - WhELER IS 850 2 [ ERVETEEH TR MURAVAEE D ~ MARERE - =R H hls - SERE i el
ALBRET RS - S MERE R - MR 4 Fon - (RBAREE AT S EYIER T (2011) BUR > AlakiniRr:
INERABESE | 81 28 K > BIHMRMIRFRGIEEIRY & B2 FES 5N - HEpIE R MR AR - S5/MURR
REE = FEH BRI 28 REHEE 1 REUR 2 15 » BEIRSRAIRENSE 28 RFEER B EE S FTE (Gowanlock ef
al., 2013) » 5540 > MURARHEE RS R R - L2267 « IR HEER BN E - AR - &
e B R R A R R - ERETEE S S e B MR AEAVETRHIC YT - A RERE M (E S MR R 2 B H
frEHIEE (Costa et al., 1994) o HIFTALITR ARG SREEUR - EREVFSAEK - IHELRIEH B 1Es 2 (S EAVH -

sk e - A E

T4 EREIHE - DNELEEIEE B EL 2 A EEREH AR IR
Table 4. Effect of feeding Fe, Se or Mn or double amount on blood traits of LYD piglets

FREZEES - REE - =B H S - SEEIRR L BRR TR E S MR IR -

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)
Day 1
n 12 12 12 12
Total protein, g/dL’ 5.80£0.26" 4.36 £ 0.64 4.6810.17 5.58+0.42
Blood urea nitrogen, mg/dL 4.6511.03 4.88£0.88 5.23+0.60 52310.84
Triglyceride, mg/dL 2475+ 3.77 26.40 +8.74 23.83+7.08 25.87 £ 8.60
Total cholesterol, mg/dL 108.75 £20.89 98.20 £ 16.12 95.831£7.93 96.67 £ 15.57
Creatinine, mg/dL 1.6210.17 1.92+0.11 1.35£0.08 1.191£0.07
Day 28
n 12 12 12 12
Total protein, g/dL 4.381£0.36 5.28+0.27 5.05+0.41 5251021
Blood urea nitrogen, mg/dL 8.90 £2.37 9.671£0.99 9.78£2.26 9.85+1.52
Triglyceride, mg/dL 48.51£8.32 4543 +£7.59 48.67+9.15 49.871£12.79
Total cholesterol, mg/dL 79.75£5.27 82.60£5.27 91.00 £ 19.67 93.50£6.79
Creatinine, mg/dL 1.72£0.15 1.4310.16 1.53£0.18 1.42%0.14

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.

* Reference values: total protein 3.5 - 6.0 g/dL, blood urea nitrogen 10 - 30 mg/dL, triglyceride 20 - 52 mg/dL, total
cholesterol 28 - 48 mg/dL and creatinine 1.0 - 2.7 mg/dL. Data source: application manual of livestock and poultry Animals
for biomedical industry (2011).

" Mean * SD.

ML {F5&0Y 3 Bk = B S EE T

EREAFS 2 (5 E AV e DU IR B AR (44 R A I EK 73 #5513 (differential count, DC) HYSZ&H
RS FUR - IBAERERAESESYIEM T (2011) BUR - HE5H25 1 8128 REF > JE 2758 0 MR EEE 5
IMERST AT E - AR H E R E - R MBREES | 8 28 RIgAREHEE (FIRREE ) - IR AT ERER
IMASRATENEAEIEM > (A MEREE RS - Weijenberg ef al. (1996) SUEMEH » (MBS & G MU ES)EL
BEIEFRIN - BRI R S - 2565 28 K - #RE 2 (SNEERE - £ 0 MPRBEBTE A eRE I F 3 - s e
FREVETIRAE - MERET 2 (2520 2 (SR e R Bl W IRAH ELly - RV ARAE 25 - LB TR 2 &1 (0.3 mg/kg) £
MEEARHEZANIEA - HE0 MPREELLHIRLH(K (Spallholz ef al., 1990) » 5541 - fEM&ERMEAIMBK ~ FEREMEH M
B~ OMRESER - BUZERBL Y BERINE o B I BR S A BR o BETE > ELEE HEE (AREEHNESTYERN T
> 2011 ) > HEREFHE - WELEL IR BELER 2 REAVHE - SRR - fiik g mEk o BETETRAEE
25 o LGP RE NG - W B SR E B M ER O BE T BN B (Cao e al., 2014; Estienne et al., 2019;
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Kerkaert et al., 2019) - H EALGEREEUR - 2 ElEiE BATRE S MPRBERIRE: > A EEH A e
RAHER 2 (5 2 shESh e - R ARE AR -

5. eREAE - WNERSA R BB 2 [ EEEE A O MK E R T R A

Table 5. Effect of feeding Fe, Se or Mn or double amount of on cell count and differential count of white blood

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)

Day 1
n 12 12 12 12
White blood cell count, cells/ul’ 19,240+ 2222 20,409 £ 165.4 21,280 £ 405.6 21,877 £496.2
Basophils, % 1.08 £0.52 1.24+1.62 1.19+£0.49 0.98 £0.56
Eosinophils, % 1.16 £0.52 0.99+0.77 1.06 £ 0.44 1.2710.52
Lymphocytes, % 55.3914.21 53441542 57.22 £8.26 59.98 £ 12.56
Monocytes, % 538%1.37 590%1.10 57211.24 5431135
Neutrophil Segmented, % 48.30+4.23 45.60£3.21 42.67110.25 49.35+7.29

Day 28
n 12 12 12 12
White blood cell count, cells/ulL 21,289 £326.2° 20,299 +375.6™ 18,140 + 706.0° 20,717 £395.2%
Basophils, % 0.84+0.52 1.14+1.26 0.79£0.29 0.83+0.49
Eosinophils, % 1.06 £ 0.81 0.93+£0.37 0.96 +0.64 0.7910.41
Lymphocytes, % 52.49 £3.61 50.64 £4.52 54.03 £10.44 58.96 £ 13.72
Monocytes, % 4591273 4901 1.00 54610.24 5431146
Neutrophil Seg, % 41.031£5.02 42.1014.71 48.76 £ 11.20 44,01 +3.38

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.

* Reference values: white blood cell count 11 - 22 x 10’ cells/uL, basophils 0 - 1.3%, eosinophils 0 - 7.7%, lymphocytes 38.1
- 73.1 %, monocytes 0 - 15% and neutrophil Segmented 40 - 70%. Data source: application manual of livestock and poultry
Animals for biomedical industry (2011).

" Mean £ SD.

“® Means in the same row with different superscripts differ significantly (P < 0.05).

IV. (FFER RIS B EE H B R & &

BRAA(TFE EHIRAH S 2 2 20V - W AR BT S MUK T R PR H AR E & BV 2403 6 Fk « 1F
55 28 RIF - BEE 2 EGEAAE - (FAE MUK Bk O TgA JRIE S iR B HGAH S 2 i edataig (P < 0.05) « 71 I1gG
Bl IgM JRIE - HaHENZ A EIE 25 - 1F Blodgett er al. (1986) SCRATETH » DUMHIEIARE B 6R Gal e 7L (754 ¥ TR 1eG
B [gMORTE » TG HEERIRTHER © R #31E Gelderman and Clapper (2013) SZERT5 H > 82672 0.3 mg/kg ffiéd
KR TR =T R AE B 2L 48 MR R e BREE 1 TgA ~ TgG B IgMORFERIIE R » LB G2 T e IR 2L (58 32 B RIFE ) AL
BATHURS R E RO RE R B PR S M A DRSS FTEL - TE4HRESERR - BREaNT 2 (A EEL S IR
EeE IFN-y 81 TNF-o 2 > {HE EaRE 2 f% 2 SEhfiie i e Rt - R ABEER - WERER - 6§
Bl (75 2 fERmEaRE - AJREASH TNF-o B LRSS %t (van Heugten er al., 1994) » JRA[REELHHEDE T- dHEFIE 247
F4fiAE (NK 4R ) $2 5 IFN-y FE AR & #EMEE AR Un IR ML el E S EH - (58 %)) (Schroder
et al., 2004) © F4N > FE IL-1B ~ IL-2 ~ IL-4 ~ IL-6 ~ IL-8 ~ IL-10 Bl IL-12 S54M s 22 8 > DUSH GRRRAHTT 2 A
FEER o MR UTREN IR - SR B F ekl - i RS ER R BN RN R ARG BT
IMETZEIZR ~ s 4HaRAY 4E RV F A8 B DU E(LEERAEA (Cao et al., 2014; Estienne et al., 2019 ; Kerkaert
et al., 2019) - DL F&SSREUR » (£ 2 EhlEE1E A SHET IFN-y B TNF-o S5 R HRBIRY IR - 110 2 /%2 88508 6
K S FFERY IL-1B ~ IL-2 ~ IL-4 IL-6 ~ IL-8 ~ IL-10 B IL-12 A0S E S A8 -
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6. EREAE - B B0 2 HEEEE A R AR EN AR S B RE

Table 6. Effects of feeding Fe, Se or Mn or double amount of on the concentration of immunoglobulins and cytokines

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn (x 2)
Day 1
n 12 12 12 12
Immunoglobulin
IgG, x 10° ng/mL 4.60%1.07 5.60 £ 1.28 6.04 % 1.30 5.76 £0.62
IgA, x 10° ng/mL 2.6610.76 2.48+0.12 2.54%0.58 2.47%0.82
IgM, x 10° ng/mL 1.08 £0.48 1.12£0.26 1.35+0.47 1.33+£0.58
Cytokine
IFN-y, pg/mL 0.53£0.07 1.38£0.25 0.33£0.04 1.29£0.31
IL-1B, pg/mL 0.07£0.01 0.12£0.07 0.32£0.05 0.28£0.05
IL-2, pg/mL 0.02 £0.001 0.050.01 0.28+£0.07 0.21£0.05
IL-4, pg/mL 0.10£0.06 0.29£0.04 1.04+0.24 0.73£0.01
IL-6, pg/mL 0.02 £0.008 0.03 £0.001 0.23£0.06 0.11£0.03
IL-8, pg/mL 0.16£0.01 0.33£0.02 0.23£0.02 0.46 £0.03
IL-10, pg/mL 0.05£0.01 0.11 £0.02 0.420.01 0.33+£0.08
IL-12, pg/mL 0.55%0.03 0.55%0.02 0.68 £ 0.05 0.68+0.03
TNF-a, pg/mL 0.009 = 0.0005 0.02 £0.002 0.001 £ 0.0005 0.009 £0.0003
Day 28
n 12 12 12 12
Immunoglobulin
IgG, x 10° ng/mL 8.80 £ 1.40 7.88 £ 1.42 8.9711.27 9.49%1.02
IgA, x 10° ng/mL 3.94+0.54° 3.97+0.35° 6.58 £ 0.98" 3.85+0.82°
IgM, x 10° ng/mL 2.6610.72 2.15%£0.59 2441043 2.50%0.61
Cytokine
IFN-y, pg/mL 0.66 £0.01° 2.721£0.51° 5.81%0.86" 1.54£0.31°
IL-1B, pg/mL 0.62£0.06 0.37%0.04 0.43£0.03 0.77£0.08
IL-2, pg/mL 0.59£0.05 0.38+£0.04 0.3110.03 0.85+0.09
IL-4, pg/mL 1.70£0.12 0.94+0.12 0.9610.01 2.49+%0.33
IL-6, pg/mL 0.27£0.03 0.21£0.02 0.15%0.01 0.37£0.05
IL-8, pg/mL 0.321£0.02 0.32£0.01 0.26£0.01 0.33£0.02
IL-10, pg/mL 1.03£0.09 0.66 £0.07 0.610.06 1.34+0.15
IL-12, pg/mL 0.43£0.02 0.75£0.03 0.88+£0.03 0.7210.05
TNF-a, pg/mL 0.05£0.01° 0.09 £0.01° 0.22£0.03° 0.09 £0.01°

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.
" Mean * SD.
“® Means in the same row with different superscripts differ significantly (P < 0.05).
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<0.05)  MHLEMEAL PR-39 &8 - AISEIRHEICAREER - IR REREAWE AR 2ZI1EMA (Cao
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7. BREUE - IRNELEAE R B 2 B ATREEHTAE MUK pBD-2 B PR-39 & &
Table 7. Effect of feeding Fe, Se or Mn or double amount of on the concentration of pBD-2 and PR-39

B8
s

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)
Day |
n 12 12 12 12
pBD-2, pg/mL 241.75+61.95 207.50 £ 73.86 268.14 £32.98 182.93 £56.56
PR-39, pg/mL 164.65 £ 45.03 174.88 £ 33.88 199.86 +39.83 183.23 £56.84
Day 28
n 12 12 12 12
pBD-2, pg/mL 195.09 £ 68.34° 205.16 £ 64.24° 399.86 £39.41° 259.52 +35.72%
PR-39, pg/mL 168.90 £ 22.37 178.67 £ 23.99 199.78 £42.26 186.85 £ 31.52
' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.
" Mean £ SD.
“® Means in the same row with different superscripts differ significantly (P < 0.05).
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Abstract

The purpose of this experiment was to provide double amount of iron (Fe), selenium (Se) or manganese (Mn) in
weaning pig diet to stimulate the growth and innate immunity. The experiment used 48 LYD crossbred piglets, aged 32 -
35 days. The pigs were divided into 24 pens by gender (half male and half female) and bodyweight, with 6 replicates per
each treatment. The control diet contained 20% crude protein, 3,400 kcal/kg digestible energy, 140 mg/kg iron, 0.15 mg/
kg selenium and 20 mg/kg manganese. Three treatment diets contained double amount of iron, selenium or manganese,
respectively. The experiment was implemented for 4 weeks. The results showed that feeding piglets with double amount of
dietary iron, selenium or manganese had no effect on the daily weight gain, feed intake and feed conversion rate. Moreover,
there was no difference found on blood traits of pigs. The concentrations of immunoglobulin, IgA, IFN-y, TNF-a and the
antimicrobial peptide pBD-2 (immune-related traits) of piglets fed with double amount of Se were remarkably higher than
those fed with controlled diet. However, piglets fed with double amount of dietary Fe or Mn did not have a significant effect
on the immune response when compared with feeding with controlled diet. In conclusion, the provision of double amount
of Se in diet did not improve the growth performance of piglets but increased the IgA, IFN-y, TNF-a concentration and the
antibacterial peptide pBD-2 contents.
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