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Akl 5T RN I B R S R i A W st e R T S m MR AL B R iR & - SRakl e —
P B LA 2R (B 73 MR RE ST HURE AR B (N21) rRFERRLHE T o0 AR > HOSE PR B I EE BRRE T BLAF AU FLER & (L12)
HETT SRR - SUBREEH] 80 BHPIIAGER 78.10 £ 0.23 kg ZHIE5C (D > ¢ ) x @& S (K> 8 ) FESQIASE » BT EIN 4
TP (it 5 B > FEE 4 & AR NS ) REFHEDE KFEHEE (CP 15.5% ~ ME 3,265 keal/
kg) 2 V-Hreate - BIERETIARIN 3% fufdl (EHRE ) BURIN 0 ~ 2.5 K¢ 5% SEMEaaeiat - SN 9 4 - &0
BRI 2.5% S4B E R R B IR S IR T- MESERAHAREERE CD3" F CD4™ CD8” (P < 0.05) » {H ¥ HoA 595 f7 FE A
EE R - BRRERIRIIE 5% AIBRE RS+ T2 -y (interferon-y) JRIE (P < 0.05) » HEEH R AFHS ZHE
(lipopolysaccharide) jz JJ 5K H A(concanavalin A) 5% S HTRELERIE A4 S (P < 0.05) » FEF R MEBRATAL SR R TE (P
< 0.05) ~ BN S E 2 HTEALNER TgA JI{E R 0B R T MUK T- MR TEEFE 73t CD3™ (P < 0.05) 5 {H
o AR MR AE ) R AR S P S e 2 D4R 1gM K 1gG ARS8 - &% LRl - AERC S A4 aaHR
N0 5% PR EUR AR A IR R o RERETRT TR -

Rt - BCE%E - RIESE ~ SREEER

4

B E R B EHIAEY) > RE4ERETE T RIFAVIE R SiCEIG B AR Y 4 (FAO/WHO, 2001) A1 5 R AT
A ZFTIERR 2 6% B IE (Isolauri ef al., 2004) - t5/E B A A E TAVERE L RERIASY) - HEVWEHEY) > 416
BERY 57 A1 DNA BESZEE T 2 RIE 245 0 MR AT e 4HAEAYIIRE (Oelschlaeger, 2010) « WFEEEE » AR EAREEH
AT ~ RE RS SRR T 6 f 2 B S0 S 4 DIRE (Schley and Field, 2002) » RIHIRFF 2 MERREERE D 1gA K 1gG
{977 (Nahashon et al., 1994) » 2= EhME + 1gG 2 R (Lopez et al., 2000) ke EHEAHRM s ko AR E M (Perdigon
et al., 1986) » WENIERS4E T £ K AAERRLE (Dunham et al., 1993) - Patterson and Burkholder (2003) f5i » NS
e FTE AR ERDAEERREE (Bacillus) ~ B3P EE (Entercoccus) ~ BEREE (Saccharomyces yeast) 2 FLEE IR
J& (Lactobacillus) FHE & A FHFEH - ABEEAMESFAEFCN SEREERSERE - Rt T H
TE Rt EMEARTE - MESFAEEE RS - ARENWIE R R E A ETEEES] > BEHEIYIRS R Y e
HEEsEEEYE > HEAEEN 18 B S ARRE KB s 45 (Hong ef al., 2005) > JRA{ERGEHFE
EHES (free oxygen) KIGTEIFA AR R AVAERAE ST (Kaur er al., 2002) o FE & H7 G S 2F AR B RE 7 BHIE R 14

|

() TR AT G E R TE i &5 2410 5%
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(4) BT R R T e LA B R 2
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(6) #EA/EZE » E-mail : jengyong@mail.tlri.gov.tw ; ckl@mail.ncyu.edu.tw °
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42 (proinflammatory cytokine) #4752 1 (interleukin 1, IL-1) EAREREIEIER T~ -a (tumor necrosis factor-o, TNF-o)
¢ Thl 4HRE S Z IR EAE 0 - N0 42 1% BE A% R4 A (peripheral blood mononuclear cells, PBMC) & 4: &
Z -y > BALEWRAE 1T (phagocytosis) 5 [#E#E 38 S ME » W05 [ ZEER A I BKEI S R ALE - FH i e g 45 4= A3 3548 Y
(Duc et al., 2004) = Th1 jkEE4HAE > 0T A2 BLARAR /20 e SO E - fERREe 0 » AEE PR AFH (Wood and
Sawitzki, 2006) - FEARAEME I T E > ARG EARE AV ERL 8 CD3 ~ CD4 ~ CD8 &4 1 LLfl] » 122 RIE A4
BT E R AR S - IR B E MRS BR IS 4B S E - #E ARG IR T MR EVE WU T T (Schierack ef al.,
2007) » i GETHRE A AT 8 - Patrascanu et al. (2011) $5HHABEE (Lactobacillus sporogenes) Fit 7 A4 Y L EE K Bk ig
REFHEAGE 2 pH {E - {IRIZ0REAVA R » B oS ina mekE B REEZENERED - REkED - JRE)
VIR TR S B = 52 /7 © Perdigon er al. (1995) HIRAFTHEL/ NG ERE ALEL B FT 42 5 1gA AERATAEAYE S - T RE
FLEEE R EY E A DURSHIRE STt AP NG « 7] Takahashi er al. (1998) iH5E L8R » ALEE R AHAE YR 7T AGESS
HRECBE (peyer’s patch) FEZE IgA » BLUEEEAS G RAY RIS -

L 32 2 TP R S O (R RSO B L - T 1 PR 2 FTDFIE TR 94301 - Deng
et al. (2012) 45 » JEAHERAEIEE Bl SIS SEIMEE RIGP16 MifEzs £ (2.5 x 10° CFU/mL 2 RJGPI6 81 2.5 x
10 CFU/mL 2 BI) ARAIFAGEFE T - AEREISIZ24HAEsE il T3k T 4HAf 53546 IFN-y » [SIB{i2 3 TLR2 (Toll-like receptor 2)
RGN 1gA 730 fEmfm B RiRE 2 RIERE ST - SEBERC o FE R Eh Y EaR U172 4 (Scholten, 2001; Boguhn
et al., 2006) - FIFHTUAEYIEEIE AT FE AR Y A EE B o] DACK B A EE I BRAERS » (B EDER > (FHEREL T E 2
AR PRI REERR - TTAERE YA R o A e R S EERE M R RAFEME (5] 0 2009) - HAERAME ~ %
1= RN SRR T S A 2T H Y (Lee and Yu, 2013) » FFIFEAEYNR G551 2 S0 M B — N 4 22 Bk 2 3
HLE & > 40 Chen et al. (2009) LA Bacillus subtilis natto + Saccharomyces cerevisiae &P & 22l gl n] BEE U E
HEERINE - WEEIANWIEH/K ~ 8B B B — S IR B A P B A A LR « BRI RLZF 1
RE + AR R SRR E AT E s EaatE Tt - R PMERISORGT 5w - BRILAIASE B BY Rl R EAHELR 2
MéE & FHEERE CP 62% (60 © 40) ZORG R - DLETTRIE I ERI R 2 Al B 2F fAR B A FLBAR B B Ry e A= 4
T CIREDR G M A SRR - A4 AT AV E D E R R o BERF LS R E R INE TIE SR E - Bl
LHAC R EZ BUR - BARFRER R B (R R - S T LRERARR -

M A

(R E S S
At DL B TR SRR BT 2 2R VB IR RE T8 2 M FAR B Bacillus subtilis natto N21 (Bac) K A
A 47 fEAEE 1 2 ERBEE IR Bacillus amyloliquefaciens Dal6 (Dal6) ~ Bacillus sp. Dal5 (Dal5) ~ Providencia rettgeri
strain Da6 (Da6) } Bacillus sp. Da2 (Da2) ¥ARCENERETI(E ~ ERHRE Y Saccharomyces cerevisiae Y10 (Y10) {E
R G - T T IEEOR GBI RIRESH ©
I ZEMaait ~ i
HTFEFE S Chen et al. (2009) 2 J77% o REEEEEYESMIN 30% 27Ky » AGLA 121°CIRE 30 778 » FFE2A]
TR HEITEERE - S5RE Iy By —FEEY  S5—ERad I B ER LA Bacillus subtilis natto (Bac) ~ Bacillus amyloliquefaciens
Dal6 (Dal6) ~ Bacillus sp. Dal5 (Dal5) ~ Providencia rettgeri strain Da6 (Da6) } Bacillus sp. Da2 (Da2) % 5 fEEify
Al R EL S TR Ok BHELZE 10° CFU/g feed » AMIIZKSY 10% 0 73 37°C THFE TR 2 K - 5 Ey 3l » Jaass [
ELasRE[EORL > Saccharomyces cerevisiae Y10 (Y10) 5 FHE ) » (485 — M By 8% > JFR& Y10 B#UE 10° CFU/g
feed » AMIIZK Sy 10% » 2R 25 CE5HE 5 K » B2 8% - A 65 CHERERAIE /K2 E] 12% DT » RIEEEEE
GaERHERL o K& E 11.5 £ 0.4 % - Aslls >~ 254X i ¥ &= (Bacteria analysis, log CFU/g) » £ N21 &£ 6.30
1020 J L12 ]2 9.83£0.33 -
11 2R EREHIE TR B K o i
ST THPIEN R A T EEEERT - R0 IR - SAHETRIEEIREREE 5 [EET24Y 100g » 45 AH 143
BETR - DITERIER A%  BUA -20°CHERH] - —f&RIT 73278 AOAC (2000) 2 J77% » #ET/KS3 ~ I3
HEEE ~ $5 58 2 0T » Bkl 2 73t Rl e I & & 10 mg Bhn - AR iy BB oy 7K i s e BR g
PRABE T SR IT AT 0B - 0 BEERAYRCT DL Ninhydrin B TR EEUTASE » BRA 440 nm Jz 570nm LT -
PAoy Mt P AR 4 - BUE B Y RN R 1 -
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T 1. SRR BRI

Table 1. Analyzed nutrient composition of fermented feedstuff (%; as-fed basis)

Analysed value, %

Items

Unfermented feedstuff Fermented feedstuff’

CP, % 62.04 62.75
DP, % 52.66 53.64
Ca, % 0.30 0.34
P, % 0.66 0.68
Indispensable AA

Arg, % 4.10 3.89
His, % 0.92 0.88
Ile, % 2.72 2.69
Leu, % 4.83 4.99
Lys, % 2.30 2.32
Met, % 0.59 0.63
Phe, % 291 2.99
Thr, % 2.58 2.63
Val, % 3.76 3.82
Dispensable AA

Ala, % 3.96 4.05
Asp, % 5.06 5.12
Cys, % 1.88 2.05
Glu, % 8.08 8.59
Gly, % 3.85 3.89
Pro, % 4.83 5.43
Ser, % 5.55 5.59
Tyr, % 1.88 1.83

Fermented feedstuff : 60% soybean meal + 40% feather meal + Bacillus + lactobacillus two stage mix-probiotics fermented.

V. S e e et aass
HEHY 80 BHALIE ST (D » ¢ ) x mEEsE (K §) 2 A%E (DK) #1738 - &y P88 E 78.10 £ 0.23 kg »
e B a2 M8 VB R AEHBE 72 A Ry CP = 15.5% 5 ME = 3,265 keal/kg » B2 EY 4 [H:5840 - R
HSEE  BEE4E  FOFERZFESE LRk — K ARG R - BoBdorhl By 3% fufnal (R4 )
0 ~2.5 2 5% #§Beeapitae - galictic 77 S HVE B AR ITRIN R 2 - FE 2 Ea &Y 3.84 m x 2.56 m Z fifir - Bl 9 4
R BRI f » FOBUBRSESRES TR TR -
V. M REEREE 53T
M th ey BREE H IgA ~ 1gG Kz IgM 27 HI7E B DLEE 2288 45 oy 1 [ % (enzyme-linked immunosorbent assay,
ELISA) » LA EERE H 73 HTE4H (Bethyl Lab. Inc., USA) #EfTE 8534 - ELISA {RIZFDCHTRG T AR T
T3k R R RGUR EEIRR  F EARENIPUR SRS S - (K 285K FTRZ « DUAEGRE BB > Bt
JFERER—EEY) o Soliitelsts - FIIEER AN RIEIED - RG 2 BREHAIARIE e E &k -
VI. HEEAE R (phagocytosis) JHIE
H 10 mL FrffIR - B 100 BT 2 (heparin) RS © B2 50 pL > A 10 pL () E. coil-FITC mix
(phagocyte: E. coil =1 : 50) » Z &R A/KBETE (37°C » 10 735 ) Brg & ERF AUHEE - TZRIIA 50 uL /Y4805
WEESE  BRESHELESENA 3 mL iVERR - RSB 250 g 5578 4C ) BER AR -
BOA 3 mL BB SRR E T R B IRENL - JRARRG IR 250 g » 5 908 - 4C ) (AR HER - ZRINALCE
o F ZDR YRR 2 mL SRR R Y)RRRL - TR SRR R N 20 g o (REE0 250 g0 55 0 4C )
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Table 2. Composition of experiment diets (as-fed basis)

ARIEHE  PREFE
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oAIEE L (250 g > 5 7338 > 4C ) BREPR BB

Fermented feed, %

Ingredients, % 3% FM

0 2.5 5
Ground corn 76.44 73.84 74.95 75.71
Soybean meal, 43.8% 17.96 22.84 18.98 15.50
Fish meal (Peru), 65% 3.00 0.00 0.00 0.00
Fermented feed 0.00 0.00 2.50 5.00
Ground limestone 0.85 0.90 0.90 0.90
Dicalcium phosphate 0.64 1.00 1.04 1.05
Soybean oil 0.56 0.82 0.98 1.14
Salt 0.25 0.25 0.25 0.25
Choline chloride 50% 0.10 0.10 0.10 0.10
Vitamin premix® 0.10 0.10 0.10 0.10
Micromineral premix® 0.10 0.10 0.10 0.10
L-Lys « HCI (78%) 0.00 0.02 0.07 0.11
DL-Met 0.00 0.03 0.03 0.04
Total 100.0 100.0 100.0 100.0
Analyzed composition
CP, % 15.39 15.56 15.57 15.52
Ca, % 0.63 0.66 0.67 0.67
Total P, % 0.49 0.51 0.51 0.52
Lys, % 0.81 0.85 0.85 0.84
Met, % 0.30 0.31 0.32 0.32

FM: Fish meal.

* Vitamin supplied the following per kilogram of premix: vitamin A, 5,000 IU; vitamin D,, 1,500 IU; vitamin E, 40 mg;

vitamin K, 3 mg; vitamin B,, 2.6 mg; vitamin B,,, 0.04 mg; niacin, 35 mg ; pantothenic acid, 23 mg.

® Mineral supplied the following per kilogram of premix: Fe (FeSO, * 7H,0, 20.09% of Fe), 217 mg; Cu (CuSO, * 5H,0,

25.45% of Cu), 125 mg; Mn (MnSO, *
45.56% of Se), 0.36 mg; Co (CoSO, *

VIL 08 EFH (oxygen burst) I E

H,0, 32% of Co), 0.7 mg.

H,0, 32.49% of Mn), 40 mg; Zn (ZnSO,, 80.35% of Zn), 110 mg; Se (NaSeO,,

HY 10 mLErEIIR - BHY 100 BATAYAFZR RS © B 50 ul » A 10 pL Y E. coil mix (phagocyte © E.coil
=1:50) " ZRLAZKGHE 37C > 10 5388 ) BERFERFEUHEE > AIIA 10 uL BURIEREISE > BE
e HAUKSAE 37C > 10 /78 ) BB EFERIUHFAREE - IIABEDREIZRAY | Z##K 2 mL -
RETRIEEN MR 20 7y #E(RHE L (250 g0 5 47 » 4C ) > BFREJER > HIIA 3 mL A RIRERTE /%/jﬂ/ﬁ;z
VIR > SRS GAIEEC (250 g0 5 9788 0 4C ) REFR BB - BARNIA 1 mL HBSS S0 BIRNL -

& R A -
REC AR AR 2 TR E
[ R BEAZEK (peripheral blood mononuclear cell, PBMC) EiLjE{ b8 HH BT 4H ARk 4R 2 B8 AR B8 TT > 5

7% Boyum (1968) #l1 Schultz and Adams (1978) 2 75723/ TR ELAMAE > Sy BEEL4ti(E - ETRMIE 1 x 10° MERES 5

pug/mL £ TJFERKEH (concanavalin A, con A) ~ 10 pg/mL fHYM4EZ (phytohemagglutinin, PHA) ~ 5 ng/mL ZEMNE
[eZdTE 5 (pokeweed mitogen, PWM) K& 10% B&Z1% > RPMI-1640 12351 (Life Technologies, Carlsbad, CA) 3
[EIEEE 72 h 1% > 7700 0.5 pCi/well 3H- FgREBELE (specific activity 50 Ci/mmol, Moravek Biochemicals, Brea, CA) $&
[E52E 18 h 1% » HE K BRI cpm (HELEHRA R SEF RS 2 cpm H 2 EEE - DIETEHEE 258 -
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IX. F+#EZ -y (interferon-y, IFN-y) H|E
SRR R I FHE AR (1,000 ~400 ~ 100 ~ 64 ~25.6 ~0 pg/mL) » #£E 50 pL AV ZA LHTE I A S E LT
FEA0A 50 pL BRI A SORIEIRE fn - AR 200 N &S 2 (B/INEF > BEE0= 78 3 20 289200 A 100 ul streptaridin-
HRP » FE500 MESE 30 778 > PEE/RIE 3 K0 JIAZE 100 uL TMB (tetramethyl benzidine) » f£=05 SR
30 534 > fIA 100 pL £ 1-2k &% 1B R i (F F i 28 M1 & 450 nm minus 550 nm AYIE(E o
X. SRR o LLHE
H 1-5 x 107 (A i s s i B 5 R (352052, FALCON, BD, USA) » A IA 0.5 pL R[EIEHY
FEEDIES » Mouse-anti-Rat-CD3-FITC antibody (MR5104, Invitrogen) & &5 faBAHREIR IS SR » X4 CLLE
HEEIE 30 735 o PURUANAEEE (flow cytometry; CyFlow, Partech, Germany) &1 WinMDI 2.8 $RAGHEFT /34T > #
B 230897202 DR EE H R -
XL 4t
AERIERS 2B > FIFHSEET 017 248 (SAS, 2002) » PL— & PEH U2 /5> (General Linear Model Procedure,
GLM) HETTETT M > U DS 2 IR (Tukey’s New Multiple Range Test) EL#EE4H PO EA S 2 BEE
S

R

BRI PEEOR & Mt A2 T <~ S5 T aa REAT B MU s AR A4 fe B2 -y 22 B5 R 3 - IR 4Rl
oA K FERTARIIZ REMEZLE » 40175 B H A (concanavalin A, con A) Kz Fg24 0 (lipopolysaccharide, LPS) J &
TR EL - AstBpss REER » 5% 2EEEEIRI4H > LPS K con A [ FEREZ# HAth e 34H = (P < 0.05) © [fif PMA/
ION (Ionomycin) jA£ iz FH4H TR S22 52 » (HDL 5% ZFFfaRI RS o T2 -y (interferon-y, IFN-y) DL 5% #5F%
FA A B A AR = (P < 0.05) - H. 2.5% 5B EaRRIAHTREEZE T 0% 2B AH S (P < 0.05) MRS AR LY A48 K FEFT
ININZ AEMEA - 20 con A BA(EHE T 4HAE(L 2 DiRE - nT&8H T 4HAERE FH—4:~2#8 (concanavalin A receptor)
SEAE T 4R > 24T cAMP JERE K BRESSEE Tl - DUY N4 Ca® SR » Mt E RN TIES - I
PR T HREAYIS 4 > {H con A & {i B 4R B — M puas B A SO IR 4HAE (memory cell) » (Rt R &5 [#E T 4HAEAY
2% 3% K7 fE (Whitesell et al., 1977) » LPS ( 2 /5N 352 > endotoxin) » LPS &t & 5 I Fa i 4 & A7 EL M (outer
membrane) A HYEEERE (glycolipid) 573 Fs fH B il 2 ZUEF » HFE R AR E L H#ERKIE - E8A
BN 2 B YIAR S B 08 (140 LPS B¢ lipoteichoic acid % ) HYFIEIRT » &R EF 25 VAR
(cytokines) ~ FfRFIZI4E R T~ -a (tumor necrosis factor-o, TNF-o) ~ B2 -y ~ FFE S EY) (FIYIIEE ) K—%(EE (nitric
oxide; NO) (YL » 3l H AT E{LAHES 24t (complement system) ~ (5 (MERFIMNE A K240 - 28 AR [EIRY S92 L
JE > DURPLI MR YR /= BE (Cohen, 2002) - PMA (phorbol-12-myristate-13-acetate) o ifill}# BEAZ R & H %056 C (Protein
kinase C, PKC) HY#UEY) » PKC RITEUE MR 20T & H SRR L ORI IE » BEEFEQNIRE - &
M5l T 4HREAYE(L > PR ENEAE 2 50 » DS EEFERE T o E4HEA PKC o] #: — 58 HH (Diacylglycerol,
DAG) fll Ca* Hy3L[EI(EFTECE - RILTE Tonomycin (Ca® AVHEER] » AR AMY Ca® ERE ERUHEA ) (ISEL T -
T 4N 2 PKC m g —2080% 7] H, » PMA il lonomycin {3 [E&E L T 4t (Chatila ez al., 1989) - ERIEE &A1 5%
AR E I (P < 0.05) B5RIEAF LPS B¢ con A FHESAYMIBRIY 4= S ME KR THEZR -y 27700 » FLBRERAT 2K
WEZAIIE B > WIS E AR AR - EeilubUR 2RS4 > R ERAEEEET
4R > G453 IFN-y ~ /1 E'E -2 (Interleukin » 1L-2) F1 IL-10 434 > IL-10 30 & EAERE B cell &4 1gG (Gill et al.,
2000)  Z54ETH Lactobacillus acidophilus (10° CFU/g) BrFR4H 7] BEHE H- 418 PBMC it NO 8 /1 JZ#25- LPS ~ con
A ~ IFN-y SARRRRATAE > 38 4 S FE (£ > 2012) -

BRI P& BOR &8 8 4E W SRR e R S B34 MR SRR B (F ISR E R < 2 85Ik 4 - 1R85 R e -
I: B A P Y 2 T A 1 B I ER 2 — (B B Y A B » 38 RAIBBLEN S0 K % i (innate immune mechanisms) {5 /%
BB ERENRIES MR E MBS #EmEHBL{EA (chemotaxis) » (L EAHATE] 2238 X
iz FEME » AMmIREZEBIME TR R EGE - AETERE (F SR EH L 2R ERMERITER (Goldsby e
al., 2002) AR 45BN - S PR AR 2 AUE(E RS 2R (NI AR 2 B - lEaefl
R K FERYEAL (activation of inflammatory response) @ 454 2 7 L AT BE Y 55— RS 2 2% L AR BB 70 1 S TE R 2
FHET T FAVRER > HN g i o Bk s E v AR RS R T s o i (R A% e B AR AT - RECESE
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BEIRDL » BEBESL 8 A TR B VRIS AT 3RS (Taras ef al., 2005)

5% ST EERIAH SR IE FBEEE 3% fknailm (P < 0.05) - B 5% &Ml sE W I 2 % B I ERE ARG
FERAVFREROIEM - SRR RGN SR EE - NIk 0 TR R (b - B 2 5 MRS B8 R IE -
HREVEIMRASRE AT HERATBER © Cha er al. (2013) FAEIHRIRNN 0.5% Bacillus spp (1 x 10" CFU/ g) RERHZ I ity
R SRR E ALY EREIEE) - SRS e > DB R -

3. G PEECR &I e A WAy SRR G R HE B FE MU0 M SHRRE 2 R R R -y 8
Table 3. Effect of two-stage solid-state of fermented powder supplemented feed on serum peripheral blood lymphocyte and
interferon-y of finishing pigs

Fermented feed, %

Item 3% FM SEM P>F
0 2.5 5
(pg/ml)
Lipopolysaccharide 234.25" 235.06" 262.55° 356.86° 12.67 <0.0001
Concanavalin A 268.88" 232.44° 241.05° 330.71° 20.23 0.0002
PMA/ION 437.85 439.69 401.41 44736 38.28 0.6362
Interferon-y 115.96" 111.70° 122.75° 135.24° 4.39 <0.0001

FM: Fish meal; PMA/ION: phorbol-12-myristate-13-acetate/Ionomycin.
The data are given as mean n = 20.
“>“Means in the same row with different superscripts are significantly different (P < 0.05).

T4 ERNINI SRR S R FAY SR E R A B S I TR B (F R SR E 2 22

Table 4. Effect of two-stage solid-state of fermented powder supplemented feed on serum phogocytosis and oxygen brust of

finishing pigs
Fermented feed, %
Item 3% FM SEM P>F
0 2.5 5
mean fluorescence intensity
Phagocytosis 52.04 49.36 54.32 53.75 2.81 0.1469
Oxygen burst 142.46° 154.46™ 170.15® 180.13* 8.9 <0.0001

FM: Fish meal.
The data are given as mean n = 20.
“® Means in the same row with different superscripts are significantly different (P < 0.05).

KR AN 1 — P B R & 1 s A2 B Y S8 I ARl ST [0 P S 7 BK 22 A (immunoglobulin) $iRG E & 2 285 RFE S -
AEREEREBUR - PLRALIMPR 2 TgA HIaSE & DL 5% S IRl 4H 2329 3% fafpéim (P < 0.05) » ifif IgM Kz 1gG 2 7]
{E A S PR B A R SR E 3 722 52 « Steiner (2006) f5H » 45 TEIY R » ARSI ERE A KRR (peyer’s
patch) 47 4 - BB (gnotobiotic rats) /NG K GG R & EFEAE Y AR E ELRBGIRE (L. plantarum + E. coli)
EEEE EE RIS REE (E. coli) » A—BRZFRMEFHBEZER S 1gA RARTURGIRE 2 & 1gM A IgA Higg/K
3 (Herias et al., 1999) » Lee and Salminen (1995) 2 &5 - gkg TUNIN B. globosumrum J L. acidophilus BEEEESE
ERE L IS+ 1gG HURE < ININLAFLIREIRE (L. plantarum 5 L. plantarum + L. paracasei) #5152 /i &l
> ATEEIR S MUE T IgM K 1gG 2 Hitie JI(E - MAGRSATAENS 4= (Koenen ef al., 2004) o A ER4E R BRI H EARLL o

—PERECR AT 5 R Y SRR AR R B R BEAZ AR A R S FIAER 6 - BENAHAR  NEAIRE AR
62 2@ T > EP e T RELIiERES A #E CDY 1 ME A FE4I5R CDY 2 T 4HAE — fifiBh A T e
4HAE (Th) K2 CD™ 2 T 4Hf — 354& R0 T MES4HAE (To) SiRE o AslBRsEFEUR > BT T IHREERREE > CD &
B DL 2.5% B 5% SRR AL B 3% AR R 0% 4l (P < 0.05) © 2.5% 81 5% Rl > CDY (F2ME: T 41
AL/ EHENME T 40RE - ER s SOFE 9y E P IR A 6 RS AR - AORUE A4 H e R AL 0 R S 4 )
Kz CD*/CD*" LL{E B #: 0% 4075 (P < 0.05) « CD*'/CD* ELE LA 5% ¢ Eapki4HEEEHE 0% 40 (P < 0.05) » 2.5% &
B4l > CDYCDY & = FEEH 3% AInAHEL 0% S EEEaRI4HE (P < 0.05) » 5% &&E2Eaki4H > CDYCD" & &R
0 0% 5 EEERIAH (P < 0.05) - CD* B T iREE4NAE > (S 5% B 245 R (Tizard, 2009) » NILEEICEHIFEE > T 41
BT P A PR BT R R I S I A i B2 - ELJRAT4E LPS RIS N THE 2 -y AERE - INILIR S 4R ThEE - CDY 4ifE



190 BRI PE B R & i A SR A R AL B 48 T R e 2 s 2

£ T 4HARAYZRTE - CDY 4HFR SR Fy % 24009 THENF- | (helper) » BETEIE S BEEIHUARAEDY) - CD AHAEACE] « #H/E,
HiE 7 HPEA - CD YA (4HREEENE T 4HAE > 56 i i e chah i A Ak b I R A A e TR, ) B A ISk
AR LTARAITER - CD® T 4HAN AT HEsR4NAE IL-2 AYEE4A: - TifE B 4R A4 A4 F 20 E i 5 iES (Linker
et al., 1990) - Wang et al. (2009) 54 » BEAFFEE R IR Lactobacillus fermentum (10° CFU/ml) 20 mL BEREITI%HY
CD" T M 4HBE R BV B 23 LE » (B CD* & 881 CD"/CD® il ( HEr AR s thAe ZaLEE PR HEE ) 18 H 2
F g% o Schierack e al. (2007) ZIHZEH5H, » (FFEGAKERIN B. cereus var: toyoi (1.35 x 10° CFU/g) » M8 17 BEA%
Bk CDY/CD* [L{EBEEEARIAHEES © Shimizu et al. (1996) 15 FFSEETEEIFIR L& # (% EE (PRRS) 5552
FEESMNE MK E AR & (EEUR » CDY K CDY/CD* Z L) - MASSRERIT 7245 RBEUR » IR 2.5% B4 5% 2 88
Eegafl > HEEAERE A MR CD” Bl CD* & & CD*/CD* i CD*'/CD* LL{H » 15 TERH5E S 58 BP0 4 & B B
(PRRS) JH B R TIREAER) -

MEERErdif T FERE > BHEEEIER - R e SR EMEIR b BB T » T EEKETE R
AR~ OMREEAERTEE RN B BT RAAR - Bl - B8 - MR o MEBRETHE 5 — 15% &I B cell &
EHRENVELE » 495 60 — 80% @I T cell & E4MAH YR ET K A ZEVAEE © T cell (CD3) £ 2 N 43 £ helper
T cell (CD** CD*) ~ Cytotoxic/suppressor T cell (CD** CD*) » ##i5f) T 4Hffd (Helper T cell) 75 612 K7 [ 53 v o T 382
AyFE - BUE R EY T EEBh4HAL , - DP T (Double positive T cell) 4 = » HF#E CD4 HI CDS alphabeta F&)
—TEHG (co-receptors) % (CH4 (HI) CD8 (HI)) » CLAELE H B R MEFIME M & BIW i 71 (Parel and Chizzolini,
2004) -

xS RN IEER S A MH R B R S T R R E R R E R
Table 5. Effect of two-stage solid-state of fermented powder supplemented feed on serum immunoglobulin antibody
production of finishing pigs

Fermented feed, %

Item 3% FM 5 > ; SEM P>F
mg/dl

IgA 1.52° 1.59% 1.66% 1.88° 0.14 0.0200

IgM 1.79 1.74 1.74 1.81 0.17 0.9549

IgG 9.75 9.96 10.39 11.38 1.26 0.4032

FM: Fish meal; Ig: Immunoglobulin.
The data are given as mean n = 20.
“® Means in the same row with different superscripts are significantly different (P < 0.05).

* 6. IBECRASMGA SRR T —MELIER 5 otttz 28
Table 6. Effect of two-stage solid-state of fermented powder supplemented feed on the percentage of blood T-lymphocyte
subsections finishing pigs

Fermented feed, %

Item 3% FM 5 > ; SEM P>F
CD* 79.66° 78.59 84.69* 85.79* 1.79 0.0005
CcD* 21.86™ 19.44° 23.74" 24.46° 1.25 0.0019
CD* 39.90 40.54 38.80 37.39 1.85 0.3856
CD*/CD* 2.01* 1.95° 220" 2.33° 0.13 0.0284
CD4+/CD* 0.55% 0.48" 0.62° 0.66° 0.05 0.0040
CD* cD* 24.16 24.58 24.00 24.13 0.99 0.9426
CD’ CD* 30.48 30.73 28.73 30.75 1.55 0.5129
CD* cD" 9.28" 8.85° 10.40° 10.06® 0.29 <0.0001

FM: Fish meal.

The data are given as mean n = 20.

“"°Means in the same row with different superscripts are significantly different (P < 0.05).
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Abstract

The study was to determine the effects of two-stage solid-state of fermented powder (TSFP) supplemented feed on
immunity of finishing Duroc x KHAPS (bred by the Kaohsiung Animal Propagation Station) black pigs. The is carry on two-
stage fermentation with different selected bacteria. Bacillus subtilis natto (N21), a selected strain with higher proteolytic
capacity was supplemented at the first fermentation stage. The specific strain of Lactobacillus sporogenes (L12) with higher
acidic capacity was added in the second fermentation stage. The raw ingredients used as substrate for the fermentation was a
mixture of 60% soybean meal and 40% hydrolyzed feather meal. Four different dietary treatments were formulated into iso-
nitrogen (CP = 15.5%) and iso-energy diets (ME = 3,265 kcal/kg). A total of 80 Duroc x KHAPS black pigs with initial body
weight of 78.10 + 0.23 kg were randomly assigned into 4 treatment groups of both genders. Control diet was formulated
with 3% fish meal, whereas treatment groups was replaced fish meal by 0, 2.5 or 5% TSFP respectively. The feeding span
was 9-wks by ad libitum. The result showed that the immunity competence in the 2.5% TSFP were significantly higher than
in the 3% fish meal group on the percentage of blood T-lymphocyte subsections of CD** and CD*'CD*" concentration (P <
0.05). The 5% TSFP were significantly higher (P < 0.05) than the 3% fish meal group on lymphocyte proliferative response
(lipopolysaccharide and concanavalin A), interferon-y, oxygen burst, IgA and percentage of blood T-lymphocyte subsections
of CD™ concentration. There were no significant difference in phagocytosis activity and humoral immune responses of IgM
and IgG concentration. Summarized our current results indicate that the 5% TSFP group showing better immunocompetence

than other dietary teratments.

Key words: Finishing pigs, Immune response, Fermentation meal.
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