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il DR S5 B A AV AU oy 0K - A RIANSE 2 A REMIR IR Z 528 - 1ESNRME R R IERERYRIE R - B2
BRIk No.9 81 10 » 53l B 18 811 22 U/mL 2 /KERaAEZIE M - 7Kk Ry e A A8 FUE E/REE AR S 23 0 4.9
f&5 (22.0 mg vs. 4.5 mg) - FEENYIEEEE TSR - PRAJAGEE 30 kg LYD JFESCIAAE - 3k 30 BRAEES-F7 Al n (Eh i -
EEIL TR - 3Bl R ATOR — KRG R E Ry IR (0% ZER7 ) ~ Z LA 5% B 10% RAE R 855 2 SRR HY
RERIOKI 4 LHHEREIIE - 678 4 8 - BWIETELER > DL 5% B 10% BER7sEd i dh K B AU OREH A RIH NS
ZHERMINGAERE 2R - BRAEMRMIRTTE - #BBLEARENMERR TR EREC &R BEERES
By E EE MUREEEREA - NI BATlaE R R - DISNE M a2 MR AT T[S RE S5 WA K7 sk R AT AU
A REIAFEEET 5 — 10% Z 30K » WA REE RIS 2 4 RELMUR MR -

R - BAEY - [EIRGSEHY - B A KRR -
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B RIRs R F IR B 2 R =UFAE Y ANRERE b 2 B R - PSR EREREE 90% 4K - HIER
O FEZSEAH Y (Selvendran and Robertson, 1990) » Fllgs—/ N5y RN B 5% (fructans) ~ &1 2255l (glucomannans)
A R (galactomanna-ns) ~ KEKE (mucilages) ~ B & 5E I (B-glucans) BAFE'E (gums) FE4HAY - 5590 KEZEZE—
EES TEEEY  ERBNSE - fEFEE (LRI (Grieshop er al., 2001) - F4EHE -P 444 (LR AT LA/ M7
0 — 97% > IRFBANAR 4 ACIE (Bach Knudsen and Hansen, 1991) ~ FEEE3EFE (Fadel et al., 1989) D 5 alke > FEFIS A
Z (Stanogias and Pearce, 1985; Goodlad and Mathers, 1991)  JEJREHEE 2 o —50 5 B] DI RS TE8 1 » A fESE
TERERTEZ (volatile fatty acids) WG ~ NEZEARKEL S - (2 LLfE S ERERLBE o] DAPER R (EFE & 5 — 28% FdRat
&= (Imoto and Namioka, 1978; Rerat et al., 1987) -

IR R Z MBS B 9.5% DL E - BAREN: - BE WP ERGEER R - AFEEIRAYEL S EE
1B o B (1986) sRERLEREER - LLO ~ 5~ 10 ~ 15 57 20% %% 7 U Tk — KRR - 36 BURNIDH S B & B /8
Wil - R H RN EERENRENE - FPESEHNE - HResEERMIER - HiEtiiergEi i HE
SEAT RS o SAME— SRS - eIRE SR E S E T 2 G A B TR A Bhas - (HREIRE R4
FERIELE & 5 2R 2% (Noblet and Le Goff, 2001; Wenk, 2001; Zijlstra et al., 2010) - 5 T &4 HIASE HFE 484t
ORI RIS R » MoK AU FTEE R - 8 SR B A A FIER - B0 > R AT R A &
AL RS (Zhu er al., 2007) ~ S5 TR th A4 RIS RS A % T B EREEHYACE (Anguita er al., 2006) ~ & EEEEY
U TG E R EEE A 8B 2 (prebiotic) HY1E R ELEE Hh & £ A0 SRR IR (E /RS 18 T R dlRER s 1Y E A (Smiricky-
Tjardes et al., 2003; Kien et al., 2007; Martins et al., 2010; Reilly et al., 2010; de Lange et al., 2010) ~ thfI4ERG 35112 E
AHIEFEY)VE (Cone et al., 2005) Bl FEAIFEEAEEY) (Nahm, 2003; Bindelle et al., 2008; Zervas and Zijlstra, 2002) ~ 4
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SEPRI T A A MR R 2 LS o A T AV TR 2 SRR (Bindelle er al., 2009) 95 > M E B B E M4y » B
AEHKBEYIZ N2 B R > o] UA SRR HER (Williams and Orpin, 1987) » FHFYEERZ BB & & A AERT BRI
> AHBEYBIORN 2/3 - EretemHEArsE EERAERE - Kl EaaR AR SR/ > ORI & - Fit
AR A R BT RIS NIR M A R R AT TR R Y [EI AR - P AL DA RA R AU oy TR B E RIIAFE A &
BRI AR 22 -

MR T A

I. &% [ERS cDNA (Fibrobacter succinogenes 1, 3-1-4-beta-D- glucanase gene, beta-glucanase) 7 HEFH

sRERHEL 10 mL 5 B REEIE % - FIAIREE(LE4H (QlAamp DNA mini Kit, QTAGEN US) » iR AR Frg it
HIRRED BR TR B R AR W) DNA (YZERY » HUS e i B R4 %) DNA -

RV A TR RS RS SN > F1 ] primer3 (http:/bioinfo.ut.ee/ primer3/) 3t 4 EERSH — %t 2 55 ¥f (Forward
primer: 5'-AGCTAATGCTGCTTGTGGTGG-3' B Reverse primer: 5-GGATGGTCTAGCATTTCTTACTAATTG-3")
% > DL94°C 2 7388 ~ 94°C 30 ¥ ~ 60°C 30 Fb ~ 72°C 1 5388 DL S 72°C 7 77§85 [ E R4 - #£7T PCR 1 1.0 kb
Z RIS AR IS AL 0 Z 1% HL 10 uL 2 PCR EY) » #E1T 1.5% BAERE R Eik - DUR L Zsede e - A H i =
HG otk Er 2 B E - DA R R RIS AR E & - STl PCR EY 2 K/ NBLATEETE
BT - BIFH T4 &S G HGHR HEEE Y pGEM-T Easy #ifg - FFFIH] 42°C 45 FOHE{TEA{E B (heat shock) » ¥
Z RS A A EATAE (DHSa BiR ) » BREERFEE: 2 O OEEE » KB LB (Lysogeny broth) i fERT & &
o B2 18 /NIFZHL 1.5 ml EURIAERELE T - fiHUE#S DNA 1% HEFEK el YR A TR A 5] 2L
dideoxy chain termination method 1 TH% % 71 € 7 BLF] F] BLAST (basic local alignment search tool) ¥/ TH%4 751
L -

1. ARG G RS

#2288 5 |74 (5-GAATTCAGGCGATGAGCCCCTT-3’ #i1 5°>-TCTAGACACGGGAGCCAGCC-3) LL PCR
T3 SEWR s 94°C 2 7388 ~ 94°C 30 #b ~ 65°C 30 b ~ 72°C 1 3 DUR 7T2°CH#E(T 7 708 - W@ AR D B A
EcoRI % Xbal [RHEE ~ # S DNA 51 - Fi HEIE 2 1540 - 48 16 /N E - ZXHUEE RS DNA - 3If;
IR FIEGEL V) E S DNA - ZA12[E[UT DNA - SR H 2 RILEES (pGAPZa A) - FIF] T4 G EHREH R &
PG RCGRIERG Z REEE - IEERSE R S - FEAIIA 42°C 45 PhETTENVE S - SRRz RS 1A A KIGARE » MDA
Zeocin $i4E% (Invitrogen) EiiSE B #8448 R ERE 4R 05 EL R R B EIS 2 KGR B EIPE -

L. %5 WG~ RIREECEIY 2 B R AH

T FI| i Pichia pastoris GS115 B ¥R AE B 7 F 40 B > 6 & U] 18 2 pGAPZo/pGlucanase & % DNA L 2 % L,
(electroporation) 75 F 2% A GS115 R} 15 & » A DA Zeocine #E 77 A 28 ¢ A #) 5% I B 5 2 30 48 =5 18 S48 (copy
number) 7 FERFEE > i YPD (yeast extract 1% ~ peptone 2% Ei glucose 2%) EFEREsE » 80O B FER - WiF]
15% BN IGEER S EE 7k (SDS-PAGE) 53BN [E 9 T-E2RIEHE - HEAHAE Anti-HIS (C-term)-HRP (Invitrogen)
TERRERE R Ry 11 5,000 k(N » EEATPE )T ERLE M - FELIEREERA = R 8 ) T EEE 2 I B Pk -

V. ZFEERIE T4

DLag & e 0 2 /K5 (3.5 dinitro-salicylic acid - DNS) {F2 (R E » A3 e HE TR &iE 2 72
707 Miller, 1959) - ERLUZE M E B Z VB R EF R E 1% - BAIRFREIPTE AR EFER - TraH
MERE 2 S M SR - ER AR R - 73R 10 mg/mL # & EEZAR FEL0 ~ 0.1~ 0.5~ 1~ 1.5~2 & 2.5 mL
A 10 mLEETR - % 10 mL 7E B LA EZ4N4Z E (sodium phosphate buffer) 72 & %2 10 mL - B[l 0 (GAZ2 H2H ) »
0.1~0.5~1~15~20 k2.5 mg /mL &EHEER - DA EDREFE SRR R (Fyx ) HHEIFE 540 nm
NROEEIIRRERZE QO ER ZEE (K y #) (FE - SREEERhE 2 72 -

e T FHERTE H B 2 4 R ARS8 + S IERR 1 x 10° cfiwkg 50 1 x 10° cfurkg BIECHEER 20 g
BkR7 > 50 mL EUREERE T BK O SE TR 40 — 45% [ 0 HEER 30°CHE 48 /N > A6 1L 60 rpm/
min FFEEEE) o SEEKRFAES BT - BT RIATRITE SRR R K HL 1 g BIAS T  IE S r#EigE
AKIKFEF 24N > JIA S mL “ZOKEEES » 200 FEEOEFREZEYZ L 3,000 rpm HEL 20 73 #81% - DLt
FEETHR M £ 540 nm NHIE S AHPOEE - A& BT R BN S & - FNF - DUEAK No.d 7F Ryl
ZHVEYE  IIALL YPD BF&IRHEE 72 /NEHZ 2~ No. 9 5¢ 10 BER R SERER 2 0.5 mL > 30T RS PR %
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TRBAER BEZUENE > W | U B ERBIE 39C T84 1 pg BRNE -
V. ELER AR B A T VR E AR S B R > A R A RS A B
SRR R > SUEMRTE > bl 7 L /NS TS R FE R ARLY 36 /NEFZ - B 1 mL SRR DAUMPRETHES 7y
PIERRAIERE » B S x 10° ofw/L » B 2 AFFER RN E 200 kg K7 > [ERE SR (HBAHER 1 x
10° cfu/kg) » 3l DA 30°C TR E AT 48 /NI - HEBAR AP ARIZEHIK S 7Y 40 — 45% [ > AL 60 rpm/min FF4EEF: -
1% PR 5 T 18 2 BR R B R ERE B TRZ IR - (K SR EE 10% > (FEZRERTE - B e B kS
475 NIEERE - B LA YPD agar BFEALHERY SERESL R b > W ITE 2 BERF B IR o FEENEERGAER o BRABEEE 30
kg 2 LYD $EASAFE 3% 30 BHARES 4 lgaE M E R & - seaiie A AfE » Rl ok — R R kR
BAFRE BB HBAH (0% BERY ) ~ DUBERY B S8 S6ledk i 5 5% 10% B B R ok 4t 4 4 ERAb e (032 1) » 74 -
RERHAR - T EBW R HIERREUK » & 2 BREE X > WEsEEHRE > LT o ERER - W
G H > FEMRESEE TR R -
VI &i5t53 7
SAERAH B 2 BB DL SAS (2004) BB S ESSHBS HEITARET 00T > W LA—RE&R 102 /T (general linear model,
GLM) #7875 047 » Ui/ NETTEEDE (least square means, LSM) 734 £ B HAH ] < BIE 7252 - & P (/)R 0.05
e AR -

L AERIAAFE R G 4Ry

Table 1. Composition of experimental diets for grower pigs

Items Control diet Wheat bran Fermentated wheat bran
0% 5% 10% 5% 10%
Ingredients, %
Corn, yellow 73.27 68.27 63.77 68.27 63.77
Soybean meal, 44% 19.0 19 19 19 19
Wheat bran 0 5 10 5 10
Fish meal, 61.2% 3 3 3 3 3
Dicalcium phosphate 1.3 1.3 1.3 1.3 1.3
Limestone, pulverized 0.6 0.6 0.6 0.6 0.6
Salt, iodized 0.5 0.5 0.5 0.5 0.5
Vitamin premix” 0.1 0.1 0.1 0.1 0.1
Mineral premix” 0.15 0.15 0.15 0.15 0.15
Molasses, cane 2.0 2.0 2.0 2.0 2.0
Choline-chloride, 50% 0.08 0.08 0.08 0.08 0.08
Total 100 100 100 100 100
Analyzed values
Crude protein, % 16.10 16.42 16.74 16.51 16.95
Lysine, % 0.88 0.89 0.91 0.91 0.90
Calcium, % 0.80 0.82 0.84 0.82 0.85
Phosphorus, % 0.60 0.62 0.66 0.64 0.67

* Vitamin premix provided the following vitamins per kg of diet: vitamin A, 8,000 IU; vitamin D,, 800 IU; vitamin E, 30 IU,
vitamin K5, 1.0 mg; thiamin, 2.0 mg; riboflavin, 5.0 mg; vitamin B,,, 25 pg; Ca-pantothenate, 12 mg; niacin, 18 mg; folic
acid, 0.4 mg; biotin, 0.06 mg and choline, 120 mg.

® Mineral permix provided the following minerals per kg of diet: Cu, 10 mg; Fe, 100 mg; Zn, 100 mg; Mn, 10 mg and Se, 0.1
mg.
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L F50ENG cDNA 7 885 B FH s AS ~ 1SR
B SR B B A R B 10 mL > AU E
54: %) DNA » I DA R WERS S — 1 2 51T ¥f - #E{T PCR
a1 1.0 kbp 2 i 2 i B 4 05 AR TN (0[] 1) - BESERE IE
PCR E Y35 17> pGEM-T Easy #fg I > F#{J}/* DH5a 1.0 kb
I EAERE T - B LB B T 37T CREEAERE 18
/NEHE - flHVE RS DNA BEITIRZEEFPIIEF? - SRRt
i 7E e &flE F NCBI (National Center for Biotechnology .
Information) 4B L4 > el — et BLAST Ly T8 1 The POR produdt of betrglucunase
Bl o GEFRBUREEIH 2 cDNA FEVEL A RS 100% HHDUE Lane 1 and 2 represented beta-glucanase DNA.
(Accession number: M33676.1) © W represented negative control.

1. RN ARG RSB A

BEEF T A EcoRl B Xbal [R|EE V)i 2 E2H 5[+ % » ZHH PCR J77ABEJH 966-bp 7 #j 5 Ik i 4 05 5L
I EVE R DT A HE Y DHSa 2 BB(EAHRE T - B LB S8R A H 37 CHEEMEsE 18 /N > fhii'E
s DNA #1T EcoR 1 B Xba 1 [RFIEG#E V1% - A T4 B S BB G I EE L E #VEE (pGAPZaA) » [F]1 K 3% E 58
(pGAPZaA-pPepsin) » (I Lee et al. (2005) 77 4] 2 DH5a b » E{KESEE >~ LB broth 548/ %&E 37C1#% »
FHEE O ERSH Y pGAPZaA-pGlucanase B #S » e 4 55 B G 0 5 2 SR AR i A SL#ERS - BREEEE IR
B2 GS115 HEfRAE B2 £ 41 (Waterham et al., 1997; Jungoh et al., 2007) » # pGAPZoA-pGlucanase EfsLLEE
FLITEIZ L GS115 BERE 27 > Wi LA Zeocine e HA /518 BLE B 4 55 IR B 2 RS~ B O} PR (A0
2)

L FRRERG AL N B -

Yeast transformants

M I 2 3 4 5 6 7 8

<+—Beta-glucanase

2. SRR Z pGAPZaA-pGlucanase RILHEAT DNA & -
Fig. 2. Analysis of DNA level of pGAPZaA-pGlucanase expression vector from yeast transformants.
M represented 1-kb DNA marker.
Yeast transformants No.1-8 represented had integrated pGAPZaA- pGlucanase expression vector.

1. EfEESNREME AR RS & FR E 2 B B PR
IIMTEEEEEEIZ AR No.l — 12 7 mRNA B AR E - Hrft No.8 — 12 F 4 fREIREE S (AE 3) - #24
e BT 4 PREEPREERERY YPD SR - &K 72 /NRF SRR 1R HU_ 0 #ETT SDS-PAGE B2 P J5 SBHE 1T (
4 B15) DR > No.9 81 10 Z B PR EP RRIR R = N A 2R IEER (5378 33 kDa) » 534b » LUEARR No.d Rkt
BT > BRI B T R KRR ZOUE 1 - 3Bl Ry 18 8122 U/mL - ]I YR AEF TRE K7 A [EIRE 54T -
IV, PSR LA TR /K ek R = B el B
BN No.9 B RIBHI R AR 1 x 10° 81 1 x 10° cfwkg WITEBI%IT 20 g 557 {7/ @ &%HE » 1Dl DNS
JiESHT > BERZ (Hi%5 0) S fEpal W B SRRy » & 1 g 771 4.5 ~ 14 LUK 22 mg ZI8JRE (403 2) -
HHLAE SRR » No.9 BRI Ik B A /Kl i e ZRATRE ST - Rl /KR aa RV RE B B o g o -
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Yeast transformants
M123 456 7 8 9101112H,0

3. BERIEEJEAREESE Glucanase mRNA (S H ©
Fig. 3. The level of Glucanase mRNA transcripted from yeast transformants

M noted protein marker.
No.1-12 were yeast transfromants respectively.
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pbeta-glucanase

4. Ll SDS-PAGE Z3frs Mg MEf AR H R & -
Fig. 4. Exogenous beta-glucanase secereted levels of assay by SDS-PAGE
GS115 served as negative control (only contained empty vector).
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<— pbeta-glucanase
(33 kDa)
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s s _— U W e ¢ Beta-actin

5. DAPRTT S RA AT R R EP R A RO R IR 2

Fig. 5. Yeast transformants secrete capacity of assay by western blot
GS115 served as negative control.
Beta-actin served as internal control.
M represented protein marker (3.0-191 kDa).
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BB TTE o AE HIME  SREEEARIECR - R ERREI AR 2R (AR 3) > IEERELFE (1987)
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Table 2. The impact of the number of inoculated yeast transformants on the product of reducing glucose from wheat bran

The number of inoculated yeast transformants

0 1 x 10° cfu/kg 1 x 10° cfu/kg

Reducing glucose, mg 4.5 14 22

3. PLS E10% Z Bk R Bk K IUUE B IR RIS A R MR 80E

Table 3. The effects of 5 or 10% of wheat bran and fermented wheat bran substituted the same amount of yellow corn in

diets on growth performance of grower pig

Control diet Wheat bran Fermentated wheat bran
ftems 0% 5% 10% 5% 10%
Total of trial 6 6 6 6 6
ADG, kg/d 0.7710.19" 0.741£0.28 0.69+0.19 0.76 £0.18 0.74%0.12
ADFI, kg/d 1.85%0.58 2.16£0.64 1.97£0.51 1.89£0.59 1.86 £0.50
FE (feed/gain) 2.4010.42 2.81£0.98 2.86 £0.99 2.4910.43 2.51+0.38

" The meaning of value is mean * SD.

TR MR T - SIRAHAVIMUR AR & O & S8 = DA IR R HUR TR EE (5 A1 10%) » {EZ AT 35 B %k K7
4HfE - ANGEEEER (WFR 4 - HEMREEASE > TEHREQMAERHK » WET R Rk
HFDIRERVEE G - & IR BIEENE R T » AEOMEELE G (Plank ef al., 2008) » RETE AL
SeleEk R AU FoRAAIMIR AR E 1 & B A RN IR (6.11 vs. 5.96 vs. 6.59 g/dL) » (HE M E& EEHSE—KFE
EEFMKGEED SR 3.5 — 6.0 ¢/dL Bl - IEHEEEZT (Radostitis er al., 2000) » BRI SIS 7 10N & 52
B RIINGE 2 R AT REDIRE - EMBERERE (BUN) S& - DL 10% SEEL R HUA TR BEE i IR A gk
FZ4H o T IR AR Bk R 4H = AHRTI A 2 R o (HE R ARMIRRY BUN 3 MT8E - 9/ IEHE 7 — 18 mg/dL 7
(Kaneco, 1989) » B/r& R BAH WG M S I 52 - R85 %E 740 BUN e R K - rTRE R DLE &5k HUK &
KEF - BEEOEEE 15% SR TR 7% (AIFR 1) » TR AT RE R R AE SN 140 2 BERR Y /K fi B o 28 AR F ARG R
A RHRFEEEAARRK > BEFEE MR ZEN S RIS (Bindelle er al., 2009) - 5545 » TEHLREET =& &40

RN ZESR -

4. PLS EE10% 28k R BRI F AU B TR RIS IR MR Z 35

Table 4. The effects of 5 or 10% of wheat bran and fermented wheat bran substituted the same amount of yellow corn in

diets on blood traits of grower pig

Control diet Wheat bran Fermentated wheat bran
frems 0% 5% 10% 5% 10%
Total of trial 6 6 6 6 6
ADG, kg/d 6.59 £0.44™ 6.25 £0.28" 6.49 £ 0.39® 6.11+0.33" 5.96 £0.33°
ADFTI, kg/d 12.53 +3.05° 12.65%1.79° 12.18 £ 3.69° 14.76 £ 2.25" 15.10+3.12°
FE (feed/gain) 1.43£0.10 1.43+0.18 1.33£0.25 1.40£0.31 1.40£0.17

" The meaning of value is mean * SD.
"¢ Means in the same row with different superscripts differed significantly (P < 0.05).
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#25 FH A SR E RS AR BL LR (966 bp) P EREREE 5 EAMRME - RIRINRIME ARG BA /KR R e - ol
BERPEE R No. 9 B 10 RIF 2 SNRVE AR EERS - 705 57 18 82 22 U/ml Z/KERGMEZRIEME - HEPIERBUE 1 x
10° cfwkg I - SRR R IR IFURERE L B AR AT 4.9 £% (22 mg vs. 4.5 mg) © SFEATAAEREUR » BL 5% B 10% S5k
Bz ek Ry B RV R T 2 0K - WA EA RIARFE 2 AR BT MK -
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Abstract

This study was to apply DNA recombination technology to construct and screen yeast transformants and to secrete
exogenous beta-glucanase for solid-state fermentation of wheat bran. After that, assassination of the impact on growth
performance and blood traits through part of the yellow corn in diet replaced with fermented wheat bran or wheat bran
for grower pig. In the exogenous beta-glucanase of test results showed that yeast transformants No.9 and 10, respectively
possessed 18 and 22 U/mL of hydrolysis of cellulose activity and the hydrolysis of wheat bran to produce reducing glucose
content would increase 4.9 - fold compared to wheat bran (22.0 mg vs. 4.5 mg). Experimental animals weighing 30 kg LYD
hybrid hogs adopted 30 heads half-male and half-female, and housed in individual pen. Dietary arrangement had five groups,
corn- soybean meal as based diet was the control group (0% wheat bran) and 5% or 10% with and without fermentation
process of wheat bran to substitute 5% or 10% of the same amount of corn in 4 kinds of experimental diets group during the
four weeks of trial period. Animal feeding trials, 5% and 10% yellow corn in diet replaced with the equal amount of wheat
bran or fermented wheat bran to raise grower pigs were no significant difference in growth performance, but in the blood
traits, fed with containing fermented wheat bran group had a higher level of plasma urea nitrogen and a lower level of total
protein content, but both of them were still in the normal physiological value. Thus, the previous results revealed that both of
fermented wheat bran through solid-state fermentation process by exogenous beta-glucanase and wheat bran could replace

5-10% of the yellow corn didn’t impact growth performance and blood traits of grower pigs.

Key words: Wheat bran, Solid-state fermentation, Beta-glucanase.
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