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W H3H - 114 £ 8 H 27 B #2201 114511 H 25 H

W B

RWETE 5 F HE e g RN IS S BBy — K SOHDR & & i (Two-stage fermented feather meal and soybean
meal, TSFP) ¥§54 & FE G VIR S FE A R AH p 2 52 %88 - A SE R 2 o B DI B — R EAA 5% A Bacillus subtilis var. natto
N21 ~ B. amyloliquefaciens Dal6 (Dal6) ~ B. sp. Dal5 (Dal5) ~ Providencia retigeri strain Da6 (Da6) J B. aryabhattai Da2
(Da2) 47 5% 2 K B IEEGEEEE - LA B. coagulans L12 (L12) BRDREEIT AR » AR NETREASRRE 5 K
& > BLEZBRE TSFP - sBR{H A 80 B (“FHIREE 78.2 £ 0.15 kg ) MESCHEE S (M x &S ) > A&+ (R
BB BRI 2 > BN 4 B EEAH - RIEEHE TP IO 3% ks ~ 0~ 2.5 k2 5% 2 TSFP &4 - il 5 4 - g EH1E 4
BH - SERHA 9 8 - BR REUKERER © 5REUR > R0 5% TSFP 40 258 E e RAAL CEBIE KL 3% S 4 i
0% TSFP ZH (P <0.05) - fZ NHSRSAVEIAIREAHEE 71 > IAR00 2.5 K2 5% TSFP 412 C,,,, K EARIAEHIIL (SFA) & 2RI
3% FRE IR (P < 0.05) < 75011 5% TSFP 417 Ci & > BIERUH MR EAH K fI (P < 0.05) - A ELFIHEALEE T H - 77800
5% TSFP 41~ Cy, S BB IE (MUFA) & 8 8 # 3% fufyéie (P < 0.05) » 5% TSFP 4H 7 K &E A1 A A
(USFA) & EEER 3% ke f 0% TSFP & Ry (P < 0.05) - FERESER ~ BHHEIRE ~ AR ~ BRALA pH E - Al
RAEERAER ~ WHEMEIRREERFI S - SraBHE IR 2 5 - &5 DRI - R ETfE A0 5% TSFP 4HEUR 3% f&
T BATRTHHLAL E R R B RIRE M & 8 5 (KA AR L & 8 2 30R -

R - ERGIIR - AERABRAEAR - SFEETIER © BEE%E -

1

PR Z & (crude protein, CP) & & 5% 85% » HPAEHLY G 90% » A H s - Sl /KA
SRR H B DA i 2% 57 fi# (Farag and Hassan, 2004; Zhang et al., 2009; NRC, 2012) » H f L FE4H 5k R E#1 (Moritz
and Latshaw, 2001; Gessesse et al., 2003; Chiba, 2010) » {(H5 LI FEETHYEREHESZE - HAiEZE S8 5 ERE]
KRR BT HREARZEE B P a i — e R A B M - B TSV LR A ARAE R R
(Moritz and Latshaw, 2001; Gessesse et al., 2003) » HEi{EF4 SRV FH HE 11 5% (Hung, 2003) °

YIS DR b fE a8 i AK bEaY) O E RirEEYE ki E B E{E (Hong ef al., 2004; Ward et
al., 2006; Suganuma et al., 2007) - N EFEY EANZSEMAR - Rk M R OrErE 2 85 NEEEATR
Ve A 23R (Yeh et al., 2018) < H RIS EE Y E A IEREFE SRS A RMEE T AT E L

ESEF (Jones et al., 2010; Kim et al., 2010; Yuan et al., 2017) © mfﬂ%%2$%Tmﬁn%ﬁy EARGEEFER
RAEYEEEE - nEDFHZ Ry FE bR H N WREREZiEsE S ﬁﬁ&EQW?%
e B Z WU A% (Shi et al., 2017; Yeh et al., 2018)  PIE HREFEEY) ﬁ%%mﬂ%%ﬁﬁﬁﬁa

|
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& 0 B G iE A SR EF (Wang et al., 2016; Peng et al., 2019) » [NITEELLREEA R FE EETfE T (Hung, 2003) » FIH]
FHRAEED BRI EEZR  BAERPEDSE 2B UE T 2777 (Guo er al, 2013) < Huang er al. (2021) 255
— P& B DL B st B 4 5] 2 85 B '8 47 2 B8 R (Bacillus subtilis var. natto N21, B. subtilis aryabhattai Da2 and Dal5, B.
amyloliquefaciens Da6, Dal6) 478 35FEPIE 2 K W LUERERE 158 B. coagulans L12 BREASENE 5 K » Bk —FEERSS
BEEEY) » IS0 2.5 B 5% LSS IR EE VI BOAH K Sl AH R S B 4G 2 H G B R B - Huang ef all
(2014) FEPIEM BURTAHALL 2 © 3R GRS - B Yeh er al. (2018) [FEIfE R 2 P& EL 72 03E0E - FORDD 5% S50
VN A RFEEAREERMER I al5e 2 UEE Bl o AT HIVEERET T B.subtilis var. natto N21
B. subtilis aryabhattai Da2 [z Dal5 ~ B. amyloliquefaciens Da6 ~ Dal6 }z B. coagulans L12 (L12) #/T —[BEDEETIE
fr Rk EmE L 554 E BRI A BR A 52 -

MR T A

L SEREk
AstEn DL B 1TEREE NGRS SUR RAT 2 B VB o RRE )58 2 ZFUARE B. subtilis var. natto N21 (Bac) J H A
TE H R EE 7 2 B EE IR B. amyloliquefaciens Dal6 (Dal6) ~ B. sp. Dal5 (Dal5) ~ Providencia rettgeri strain Da6
(Dab) ¢ B. aryabhattai Da2 (Da2) #2ECEREAE T ~ AREFIEZ B. coagulans L12 (L12) 1 BRI » i
T PR G -
11 S5F% e o B
HEEEIRE 275 Chen et al. (2009) 2 J77% » DA 1 ¢ 1 BYELBDE S GAIFIRBME R BEAE - R BE B IMI
30% Z7K5y o AL 121°CREE 30 4388 > 2RI EDAAIZE 45°C © i 10° CFU/g (Y AR AR B ik R & > I8l
50% wiw JREK—EERENEE » FREL AR THNY - W R TSR - B R IERR I B. subtilis
var. natto (Bac) ~ B. amyloliquefaciens Dal6 (Dal6) ~ B. sp. Dal5 (Dal5) ~ Providencia rettgeri strain Da6 (Da6) k&
B. aryabhattai Da2 (Da2) 55 5 fHE ) A aH B8 B kL B # % 10° CFU/g feed » 4MIIZK 3 10% » 4 37°C N F
GBS 2 T - S B AR IS BERRY B. coagulans L12 (L12) BTG » (E405—RSERBEE ORI
L12 B3 10° CFUIg feed » SMIVKSS 10% + AS08 25°C T » BEFIR BRI BUFAVE S + T2 A S (LIS
YERES - ETTREAE SR 5 K BB E% 0 A 65 CHEFEHARR 2K F] 12% LU - BIp PSR & AV BEZE
mm o BN 2R B SRR -
UL By¥ysaes 8 K et bins
AT 2 BB R A A R T R oy P AR & (FRERINIE ) 1T - S (E ) Bl s B B 2 R
HiIREZE Y T EREYIEE R EHZES | & IACUC » 4555 101005) 2 sEasERErT - s BRI 80 BE
(PHRSEE 78.2 £ 0.15 kg ) MOBTT x SE AFEFESC A - GpRTH S B FEW 4 50 > AR (RESEELMER]
BB 4 A > Bl H & 3% Ak ~ 0~ 2.5 & 5% TSFP 4 - RS/ & 08 RACH BERLRE T (CP =
15.5%; ME = 3,265 keal/kg) » 5 9 48 » B(E& K H HEEGUK - GREC T 250k 1 -
IV. A H S ile o o3t 57k
() W mE LR
LpH {E73#7 + 1 g gk} 9 mL JH /K EZR G 1% T LARFE - 1M1 2L pH meter (Digital pH meter, Goodly,
Taiwan) EH2HIE pH & -
2. SR FURI R BT ¢ Je DU 4= 3 e B /KR 1T e AR © HL 0.1 mL #ifEiR 22 K% Tryptone Soya
agar (TSA, Himedia®) » JUE Y 37°CHFE 24 /NIRRT HE B BUE RAEEE - MBI LIEREGERTIRFE 2 -
(i) —fERkTr ot
BEREALZKS - HEOE R - #4858 - K7~ 3588 - BiE E0MEMK AOAC (2000) fr il 77 7% #E
1T E R ~ BB MEREENZ 2 AR - B -20°C N2 « HERHRAL AR mE R 4°C /KFaRER 24 /)
I RFR A SRR R » HURMIE 2« K53 2 MIE (E 22 ezt - HeRiZ MIE A Soxhelt AERGZEHUER LA Z ik
FEH - EHEHEEMAIHEE (Kjeldahl) AEFRHDH - S EPREMEEHE H R 6.25 Rk
% e
17Ky K I RIE LS F% - DL 105°C T #ERZ 2 /NIf - HUER I AGZ IR 25 » (EWRIE 22 REFFE < B 1 g £
EndS PR IARIELL » Z 1R AMERE 105 CHAEE S /NEF > HUHIR A RZIE S - WIE 2 20 RIRTPE -



255 BRI P BOR & PIBH — Kb on WAL & 1% B RS MR K AR R IR AL 2 52 28

1. obaedrEsng

Table 1. Composition of experiment diets (as-fed basis)

Ingredient, % 3% FM T5FR %

0 2.5 5
Corn grain 76.44 73.84 74.95 75.71
Soybean meal, 44% 17.96 22.84 18.98 15.50
Fish meal (Peru), 65% 3.00 0.00 0.00 0.00
TSFP 0.00 0.00 2.50 5.00
Limestone (36%) 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
Mineral 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

* Supplied per kilogram of diet: Vitamin A, 6,000 IU; Vitamin D,, 400 IU; Vitamin E, 20 IU; Vitamin K;, 2 mg; Vitamin B, 2.6
mg; Vitamin B,, 2 mg; Pantothenic acid, 30 mg; Niacin, 30 mg; Pyridoxine, 3 mg; Vitamin B,,, 0.04 mg; Folic acid, 0.6mg;
Biotin, 0.2 mg.

® Supplied per kilogram of diet: Supplied per kilogram of diet: Fe (FeSO, + 7H,0) 80 mg; Cu (CuSO, * 5H,0), 5 mg; Mn
(MnSO,), 6 mg; Zn (Zn0O), 45 mg; I (KI), 0.2 mg; Se (NaSeO,), 0.1 mg; Co (CoSO, + H,0), 0.35 mg.

*2. CPREURG SR EMEEMEIR

Table 2. Physicochemical characteristics of two-stage fermented feather meal-soybean meal

Item Initial First stage Second stage After dried

pH value 5.76 £0.01 7.60£0.01 6.131£0.01 5.971£0.04
Total bacteria analysis, log CFU/g feed 1.02£0.04 8.141£0.07 8.53£0.06 7.52£0.01
Lactic acid, mg/g feed 2.53+0.19 12.19£0.22
Fe, ppm 100.03 £ 10.4 — — 412.03 £38.6
Dry matter, % — — — 94.6 £0.21
Crude ash, %/DM — — — 4.6310.11
Crude protein, %/DM — — — 57.210.92
Gross energy, kcal’kg/DM — — — 3,156 + 148
Calcium, %/DM — — — 0.25+0.01
Total phosphorus, %/DM — — — 0.5410.01

Means * SE (n = 3).
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2 KIZEEET : FPEUBER: 1 & BOAS ORISR » AR 2 (LA (/KA RS 10 1 LEFIR
©) 8.8 g LA 15 mL ZRAfEE » B fEiE EINEL (410°C ) - HEIEFHF4EEHE » FnEL 30 778 -
HY 53 AR 2 1% 0 DA 50 mL ZE 887K » WSR2 200 © B 4% Ii% 787 15 mL > JiCA 200 mL = f
L AGAIA 2 T FE R > 2 12 LN F A B AS E (Kjeldahl system-1002, Foss Tector, H &8 (L7 fif %
&) A 5ERS Nima A=A BB 7ASRN » # 40% @E(LIAR 80 mL 1818 I A S RN > LA
Y2 - 2B ILEIZERE > EEMEHIRE 75 mL B ik o W/ BZEEIK R S SRS T IR - ZR1B DL
0.1 N Wi BT SR E 4% RE 9B Bn i 2 B el -

3. HERE  WVESE RPN VAN - BIRSZ BT aELE - — R TE4E2LE (Gross heat) BGAHAE - JHIE T
EAN RIS FECE AR i AR 20 48 H AVERYE - FEEEY 1| g B TRCIR - FEE B 7EF Bk EZ 2 PREEm
HE > NEMERLIIREN Y EEFRAENE - AISEELEE - FEREREEST (Parr-1261, Parr
Instrument Company, USA) HHAE Y - SCRRERIZHIFAEAE ~ Z KGR RIS foP iR 2 e & - WETHE e
nHJAERE ©

4.0y R IAE 105 CHERZ 1 /NEF » BUH I AR R es - B R Z=0RBHFE Y - A 1 g 2w
B ARACHE > IIELZE 600°C » ¥RJEE 6 /INEF » 1R BRAPA SRR [E 2 150°CHF » RFHH I EL i A RZ I
= WIERERETE -

5.85  FERALtE Z A 3N HC1 10 mL » BFREEHR FINEE 285K » LAlEEREES 50 mL - £
mr e 22 2 i S BRI 1,500 ppm $JE (B D$5FIEAMITZRSS & ) - URTFIRIOEEEEE (Analyst, PERKIN
ELMER, USA) JMIE HIRE -

6. &8k © K hAbig 2 I A 3N HC1 10 mL » HRERBR IR 255K » 2al#EERESESE S0 mL -
HY S mL £l A 3 mL — 20Kk 2 mL ${SHEE(E F » AR 10 3 881% » LA7r S ET (Backman, DU640i,
USA) HIZE -

FERS IR

sAERAE R (£ 3) > SR EEEY 6 TH (A MBS ) #ITE - BEAifaE&—HE R » TtE

EREUK - NEEAIFEERE - BERITEERERE > WEA 0 — 4C 2455 E SR 24 /NF > BERIKEE

E A RS (1992 4 8 AR ) Z s B A IR T NET R V) -

Rz L2 pHE ~ BUE fnal K5 i Rl —AEEK

pHE BFIHEEEILE N T R EIUNE S (5 11 BIE ) > 82 Jo0 s - 6 H e IS pH il E &

(HI 8424, Hanna instruments, Italy) #fi A& iR AL OEE » DOREE pH {H > SHEEFIE = BORHESE(E

HERFE] R B1% 45 min (pH 1 h) 2 JE{% 24 hr (pH 24 h) - EE 5T (Sensory evaluation) fyar iz RH14E 80°C /K

74 30 S EER BRI HUEE K/ - FHEmEPASERE - (KU (Tenderness) ~ JE (Flavor) k2 25714 (Juiciness)

3 IERESY (BR 10 73] 1 o3 de72im 10 JriefE ) o —MREHE T B R SR B S R AL ik AOAC (2000) 5T7E

ZHA EARESTEE 2 KS ~ ISy~ MR REESE -

FE G Er Be R HLZ HLA BB B 5yl E

L. AILIA 2 (E 26 7% Means ef al. (1987) 75,4 DLt 7 &1 (Color reader, Minolta Co., Ltd., Japan) I € & #8 & ¢
EHLEE 10 — 11 BB HEIR H S R E 2 ==& {E (Lightness, L value) ~ 41 f1{H (Redness, a value) Kz &5t {H
(Yellowness, b value) ©

2. PLASBE R R E BB R EE S (NPPC, 1991) ZFEAME#E EEsL > MEFREIZAS - BE
& (firmness) sz KHE 4L (marbling) 5757 « A8 1 — 6 RREEBEF REACHOR - BEBK S
TREREEE - BEEHET RS H 0 | RIFEIOS/KEE § 2 RREOBK § 3 BRI I27/KER
0 4 R B BRIV SRR 5 FRoREE MRS o RGN IR 10 4 > 1 /RETHER
HAL 2 #rnAPVEREAL 3B RATEERHAL 4 RAHASEREAL 10 FREASE
REAEL -

3. FEARMERE « A6 10 B2 11 BhE e VB 2 B i L AU > DAHEIARAE 2 - FRLABEHFEH]E £ (PortableArea
Meter, LI-3000, U.S.A) A HE » BB FEH AT °

4. £7KM: (Water-holding capacity) © fx#5 AOAC (1987) Jz Dagbjartsson and Solberg (1972) 2 7577 - FEHL 5 g £
im0 e 10 g BYZK 0 A 50 mL g CVETEE - FHEVERE ZE8E%E 1 min > DL 2,000 xg 7> 15°C T kL 10
min {&Ef FER o IFEH N o R EE o (KM (%) = B ORI B R / R AR mEE x 100) -

5. 7K B3 (Drip loss) : {f¢ Honikel (1998) 754407 » DL T (JRIAAE - AR AE ) / [F4AE | x 100 » &
EHEEAER T T
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6. 7% & 2L (Cooking loss) : {{< Florene et al. (1994) 2 75 /5ME6f >~ > DL T (JRIGAE - AAE ) / JHIRE | x

100 - EEHIIEHA T RFER ©

CIEECR G R EMBIL A Z B VIR Z 8

Table 3. Effect of diets supplemented with Two-stage fermented feather meal-soybean meal on carcass cutability

characteristics in finishing pigs

TSFP, %

Item 3% FM n 5 . SEM
Period, 9 WK (Trial)
Initial weight, kg 78.17 78.44 78.13 78.15 0.65
Finish weight, kg 111.24° 111.90° 115.58" 118.79* 1.20
Empty body
Slaughter weight, kg 108.03° 108.17° 110.43* 113.14° 1.89
Hot carcass weight, kg 92.57° 93.08" 94.9* 97.23" 1.71
Dressing, % 85.68 86.08 85.93 85.97 0.10
Carcass lengthc, cm 100.23 100.68 101.25 102.65 1.12
Back fat thickness, cm
First rib 2.90 2.92 2.72 2.70 0.21
Last rib 221 2.15 2.19 2.10 0.15
Last lumba 2.59 2.52 2.52 2.51 0.16
Average 2.57 2.53 2.48 2.44 0.11
10st rib 2.01 1.93 1.91 0.23
Lean meat, % 49.74 49.76 49.49 50.06 0.08
Fat, % 15.99 14.75 15.10 14.35 0.12
Bone, % 15.31% 16.41° 15.50" 14.99 0.05

The data were given as mean (n = 6).
“® Means with the different superscripts differed significantly (P < 0.05).

i) RBREE s RALZ AR R T

L BESApa e - SREEAMERE 25 10 — 11 BiEEE RRIL > SRR RAEIE - UIK 2 em TZIET P A

BE > (&AM (Butcher Boy, TCA-12) ~ Ji# 3/16 N 2 &efly » &t ~ IR GEREREIAE

AR KL AR 2 RE R R > DA REIE B 12 (KB &R 5 (2006) 2275 Sukhija and Palmquist (1988) J5

% ZESAERER R - AR E A AL -

CEHEMBEEEE - RS S5 g A -70°C A HAS T 24 /NIR 1% 0 B AS HES @ (Yamato, Neocool, Japan) Hf

4% 24 — 48 /NIFRZ IR 0 ££ 0.2 g B AMEEEVE H » JIA 2 mL 2 Benzene K 3 mL 2 Methanolic HCI » &
R 70°C ZABRET » ZK0s 2 /NI R L > AR =M © TIA 6% 2 K,CO, 5 mL > FEfjIA Benzene 2 mL Ji&
& R1BE N EE L% (Ultracentrifuge CR5B2, HITACHI, JAPAN) » [ 1,500 xg B0y 5 47 §% - B E &
A1 g 2 fe/Kui e o F i & 2 & MR > B 0.45 pm JEFEJEMEE (MILLIPORE Cat No. SLHV 013) ##)E{% &
-40°C Z R AR -

RN EREUE © A HUEE AL Z B 5n | pL 159 2 FAHE 68 (Hitachi G-5000) tf 3 A fi i g 4R

B e B. @A AT ot (A) B AL - A E > K 2mx2mmID » # S 100/120 chromosorb
WAW - & fH 10% SP 2330 - (B) K #5 % BE JJ : N, (1.2 kef/em’) < (C) % H 8 © K & i 7 i60H 28 (flame
ionization detector, FID) (D) ;3 A [ (injector) SR : 240°C - (E) f@ 2% (detector) JE 5 : 250°C - (F) #4A
JRE 2 160°C - HERF 8 38 o (G) FIRERE 1 2°C / min o (H) fRECRE © 210°C » 4ERF 15 775 -

- BRI AHRER ] PEAK-ABC JE T8 77 i B K BB TR AU S o A e B - 0 ARG G FEE i (Sigma, AOSC

No.6) -7 HHfilik A Hs & B LB AR A -
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V. Gt

IL.

BRI B0k - FIFI4EET 731 247 (SAS, 2002) » PA—f4R 1402 (General Linear Model Procedure) #
TTEIT T %48 Tukey ZELEEGE (Tukey test) MGt &4 P E 2 2 2 BEME: -

R

CIEEOR G S on s B MR R By

AEERPT 2 E R & I s B BIEIR - YR 2 BoR o AE pH {EJ51E » B. subtilis natto 7' HAT pH
PR (Wu et al., 2013) © B. subtilis natto BIEHRE B E il HEYIVES (20 © S50 ) - SEin
G E e (Allagheny er al., 1996) » HhEIAGAERSE — I EE 3R % pH (B 5.76 L7128 7.30 455 AHAT - £UEE
P P 28 W% pH fE 0] TIE 2 6.13 - fERBUTH > SO 2 &R 88y 1.02 log CFU/g feed » 1R85 — &3
FEIL M BT > 5 8.14 log CFU/g feed » 55 P ER a8 1% - 2% 8.53 log CFU/g feed « E4%38 65°C H2 15
Zi& > pH {E NEZE 5.97 > FEBANCREFAE 7.52 log CFU/g feed - MAEER T 2 HAN - #FEMNZ AR S
E Az 12.33 mg/g feed - WiAEEFLEEK - HAUREENL - $SH2R L RIRAEERERR L © B. coagulans 112 (L12) HATH
TALZHEST - REPTHE R AR ASRAEE ~ ORI RS TS MIER 2 IET « S ITaE R » 2 WOPEE - ieE
94.6% ~ K57 4.63% ~ fHEHE 57.2% ~ 4E5E 3,156 kcal/kg/DM ~ §5 0.25% Kz 44k 0.54%

FHIRRE subtilis var. natto N21 (Bac) FZ DU RIEYIEE A T - WIERHHPIE - Rt EEFHTE#ES
I H o fiREE J198 2 B. amyloliquefaciens Dal6 (Dal6) ~ B. sp. Dal5 (Dal5) ~ B. Providencia rettgeri strain Da6 (Da6)
K. B. aryabhattai Da2 (Da2) F545& B. subtilis var. natto N21 (Bac) » [l B RRE el KIHEY > — TS,
Btk o N21 Wik E 2o A KTk - REO MR 5 FERIOR — KEf bk EaEE 8 En 2
EIR > mIRER > T EEE R N T EE BEAR (Chen et al., 2009; Yeh ez al., 2018)  FLEPRILIESHE AEEFT
i i Da2 » Da6 - Dal F Dal6 SUURKEII 2 B FERETIFRARIEHATIIE + LA 557 (I R 5T
F 7 HETT © Peng et al. (2019) LA B. licheniformis BBE11-1 J Stenotrophomonas. maltophilia BBE11-1 55 5 =(#2
PP ARRCR - RS ERGE FAR (L (Huang er al, 2021) » ISR T AJSEZRRPPEEE RS E
74% » R DUR S RRE RN — KRS EE R 2 55— P B SRR A B R S DB PR -

FIH Kocuriarosea LPB3 ¥ 2Pl T 251 - 45 BURFEE{Z P 2 Lys ~ Met ~ His ~ Ala ~ Cys » Tyr »
Thr 7 Glu fgE & & FFF - AREER N LR INEIE (Bertsch ef al., 2005) » 1fij Lei et al. (2011) L B. subtilis var.
natto N21 J¢ 8. cerevisiae Y10 FFEEZ S F2 LIy - 4808 " FEEL S5 IE 2 12 352 R0k} pH B A][#{K 2 5.46 - H N21
BT 24 107 CFU/g feed - [fif Y10 R[%E 10° CFU/g feed » HRRPR REGESE—ISELE MRS EE 1% - BERRE I AT A
B E HE MR R ~ FOR 0 ST RIETEALEA (Ammonification) - K& EHVVE LS D RAEA A
IR — PSR 2 1% - Gl pH (BT S - [FIRF R — PR RSB s B & Bt - MEE PRI AR RS
TERREEREE T - BRI A RIER G ER - RMER SRS b pH B N - MR EAAIEN - AR EE
SIITEMLIEESE o Bacillus sp. F2 B. coagulans EFF T T{EF L AE ST (Gandhi, 1994; Sanders et al., 2001) » AJHKE S
S = BE BB pH B (Palop e al., 1999) - FE{EIR ( 55°C ) BHZERER S 2 S SF AR M R R By ) - ([HEEFL G HA
[#{EZ 7.52 log CFU/g © B. coagulans L12 (L12) &—fEEAM 2 F > HIEX AT B. coagulans > HA FEZFfHRE
HY RS s R MR IR P
IE=f - VanTIE S{URIN

TR G EME IS B VIRMEIR Z 28 13 3 iR o IR0 5% TSFP 4H H B =E G & K
J& HG BB B BE L 3% Fak4H K2 0% TSFP 4H S (P < 0.05) » [MARA0 5% TSFP 4H HF A% L | #13&9¢ 0% TSFP 4H1K
(P<0.05) - [F5ER - FHREE - MR KAERTHE » NS4HMEIIHEES o Chen ef al. (2009) fi5 HH & S B R
& A BEDIE AT {5 R o o AR B L R U NI T - TSR 50 Ry B Ui ASERB&IARTIN 5% TSFP 4H - HB 3% ity
U BREEITE IR  fEARsT DEE A R (HEER(K 5.3% AR E L ARG ILEIR % » AREARIIHEER
&

1L FE1RALA pH EEAL ~ BUE S Rk

“fEERR e EEESMHEREREIZ pH &6 - lNEFo N —fAHR 2 228 MR4FR - F6EE
52 1% 45 min (Postmortem 45 min) ~ 24 /)\i% (Postmortem 24 min) > H | /A pH & & #{ /& (Tenderness) ~ 2% 1 14
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(Juiciness) ~ JE (Flavor) 7 BVE 257 BERLIA—REAHRE (/K57 ~ MHEE ~ IR RK ST ) @ RS4RI iR 52 -

HLABEHG (Intramuscular fat) & &S EAREZ BAME > HABEREENLARER & & 2 1EMHE > Wood
et al. (1996) {5 H5E= B AL HIAEG M BAIRE G = & > B8 ER ~ 200 s 2 1EAERE - F8ERE 1%
AL G 2 AP e T i A R AR S R AL - BN LA B2 pH EHER K - FEEB =R
45 min Z AJLIA pH 1B & F A TERIZKEE A (PSE, pale soft exudative pork) 7 284 f% » 185 FBE5£1% 45 min 7 pH {H
AR 5.8 1 » fxATRERY 24 hr {1 %y PSE (A (Smith and Wilson, 1978) - [t4h » AL pH 2Bk - 54&
AILABYIES pHE& R 7.4 » IEFFER{EESE 1R 6 — 8 /NEFHY pH {HEY £y 5.6 — 5.7 > [MESE1% 24 /NEFHY pH {HEY
Ry 5.3 — 5.7 (Fk 2001 ) AiEgEER 2 HRRAILZ pH EHEE &1 5.8 - RNERR PSE A - 281 @ AL
AT BSER 24 /N 2 BRI pH (E1E R At 58 A i B B Ry 28 > (H ] B SE1% 45 min 2 pH {E{E Ry BN
Z H (Wal et al., 1983) - RLIAl pH {E7REE 2648 A i B A S MHRAME » #aiy pH EBHLABUS - 2 HEfRR
B e E A IEAERE - BREfH R E ZEE KBS (Van Laack ef al., 2001) -

®4. RBERSHFEMHSERETRRILZ pH B(E - ERFY AR 8

Table 4. Effect of diets supplemented with two-stage fermented feather meal-soybean meal on postmortem pH, sensory

score characteristics and proximate composition of Longssimus dorsi muscle

TSFP, %
Item 3% FM SEM
0 2.5 5
Longissimus pH
Postmortem 45 min 5.88 5.94 6.15 6.10 0.23
Postmortem 24 h 5.59 5.60 5.75 5.75 0.21

Chemical compositions, %

Moisture 73.42 72.48 72.47 72.76 0.40
Crude protein 23.35 23.52 23.32 23.11 0.28
Crude fat 2.76 2.74 2.62 2.58 0.17
Ash 1.17 1.16 1.15 1.16 0.03
Sensory score

Sensory tenderness score” 6.58 6.56 6.56 6.53 0.19
Sensory juiciness score” 5.94 5.78 5.89 5.80 0.21
Sensory flavor score” 2.96 2.83 2.89 2.88 0.14

The data were given as mean (n = 6).
Sensory (tenderness, juiciness and flavor) score”: 1-10 scale.

Iv.

xRl BRI E R

CIRErR R E L E R R R NG 28 13RS Fon o lEE RS TSFPNIIE » sedg il
R 4LEE (Redness, a) » DU 5% TSFP 4H 8527 3% FURY4H K 0% TSFP 4055 (P < 0.05) < Miltenburg ez al.
(1992) 57 » L AEEZHLA S8 IMALE (hematin) &2 22 Z AR - MALEE (aH) I ZEZE AR - #4510
EntR s TSFP OIS » HALGEH Ny F 2N ZEFEE TSFP 2 /3 #i8/E & & 412.03 ppm ( AFFFEER £y 100.03
ppm ZE ) AR (R2FR) c BEEILZ LE - b{E ~ fRoKM: -~ KRS - Z8E8KE - REMN KAEIRAEE
A& PR B AR 2 2L -

A EFEETRERNN 0.02% 25421 ( £ 1 x 10° cfu/g B. coagulance, 5 x 10° cfu/g B. lichenformis , and 1 x 10° cfu/g
B. subtilis ) » HALA pH & ~ FEIR MRS - BREEREy ~ ZEKRE - (KM R E IR EE A 725 (Balasubramanian
et al., 2016) » BLAGEEA HHLIEE R - Apple er al. (2003) 5 (A4 ERE & HH R FORIIPIEN 2 6% » BHERTE
REAE - NEPALEE Mo CE R R EEARGERRE S BRI B 2 mmae by 4L 6% - dafgiasin
0.2% 25285 ( /0% 1.0 x 10" viable spores/g of B. subtilis endospores J% 1.0 x 10° viable spores/g of C. butyricum
endospores) T ETNAILIAZ 4% (Meng et al. 2010) » Yan and Kim (2011) ZWFFEFgH, » #jk) B E LG R 3%
FEie NI AR EFEERE T (ORI0 3% ) » EALAZ SLEE R = C R T IR (RN & Hre B Rl =
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5 BUAGER A EIAEER - Szabo er al. (2001) PR HAZE & fakE R B & 0B ACHE 2 7888 3 - Al 4H B R T
H(FEOREE ) ZBRE - ERNE - lBIE - B5EE% 4 /N 5 24 /N2 5 e &HL (Longissimus dorsi muscle) 22
B Soe Bl - MdHMmEE =R Aallpss R HAA M - SUraledit s s & 2 E R E AR - Katt
S MEERRREE - B NE RN EF e -

*5 CIERERESHEEMHERRILZQRERNEN Y R
Table 5. Effect of diets supplemented with two-stage fermented feather meal-soybean meal on meat color and meat quality
score of Longssimus dorsi muscle

Item 3% FM T5TR % SEM
0 2.5 5
Meat color
L ( lightness) 50.14 50.00 49.44 49.10 0.79
a ( redness) 2.82° 2.78" 3.13* 3.24° 0.16
b (yellowness) 5.89 5.74 5.89 6.00 0.23
Muscle meat quality score'
Color score at 0 min 3.00 2.90 3.20 3.25 0.17
Color score at 20 min 3.25 3.15 3.30 34 0.25
Marbling score at 0 min 3.15 3.00 3.35 3.35 0.31
Marbling score at 20 min 3.20 3.15 3.70 3.70 0.37
Firmness score 3.60 3.58 3.67 3.70 0.2
LM area’, cm’ 38.31 38.16 39.56 40.57 1.69
WHC’, % 49.21 49.01 50.36 51.27 1.53
Drip loss, % 28.78 28.65 26.62 25.93 1.58
Cook loss, % 19.30 19.13 19.62 19.46 1.57

The data were given as mean (n = 6).

“® Means with the different superscripts differed significantly (P < 0.05).

Lightness = measure of lightness to darkness (larger number indicates a lighter color); redness = measure of redness (larger

number indicates a more intense red color) and yellowness = measure of yellowness (larger number indicates more yellow

color).

" Muscle meat quality score: Color score: 1 represents pale, 6 represents dark; Marbling: 1 represents rare, 10 represents
plenty ; Firmness score: 1 represents soft, 5 represents firm. (National Pork Producers Council, 1991).

* LM area = Longissimus muscle area at the 10th rib.

* WHC = water-holding capacity.

EARE RN 0.2% 254ET (2704 1.0 x 10" viable spores/g of B. subtilis endospores 1.0 x 10° viable spores/g
of Clostridium butyricum endospores) Wi R FZZHL A 2 froK M ~ BHUR ~ ZZERE ~ ECEE ) KRR - EH
NEAEEES (Meat color score) Kz KFEA4TEFSr (Marbling score) RIIEEZE /11 Meng et al., 2010) - Ellis ef al. (1996)
J Le Dividich et al. (1987) #5 HREIR IR 2 S INEUA & 2 (L - A ASEI T A it s 2 'Rma s
[f#g 0 » 1 Santos and Gomez (1983) fi5 754 RAE H 54 H#E BV HUR SfaystEe T - BRI i =
FEH o PGSR S BB AR A -

V. FiRAILZHLARERLBEEAHR

TIBEDR G E M R R AL AERBR AR 2 W13k 6 PR - BERIAERGEE T 0 N0 2.5 K 5% TSFP
¢l AT RERE (Myristic acid 5 C,,,) K EEFIRERE (Saturated fatty acid, SFA) & &8 EHT 3% FEH4H(E (P < 0.05) -
INI0 5% TSFP 20 7 #7fEE (Palmitic acid ;5 C,qo) &8 @ FIZEHMPEEAH K (P < 0.05) < N AIRSAS B 5
NI 5% TSFP 4H 2 il (Oleic acid 5 Cg,) K EEAEEFIHEHES (Monounsaturated fatty acid, MUFA) & & 88 E 7 3%
ke S (P < 0.05) © 5% TSFP 40 >~ N e FI S H S (Unsaturated fatty acid, USFA) & & BH 388 3% 0 40 K 0%
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TSFP 4H J 15 (P < 0.05) © 3% Futy4H 2 8IS A% (SFA) / R e A HE il (USFA) LL B #E H; 5% TSFP 41 Ry
(P<0.05) -

T IRECROHBFEMBE RRILZAENMRER 8

Table 6. Effect of diets supplemented with Two-stage fermented feather meal-soybean meal on the fatty acid composition of

Longssimus dorsi muscle

TSFP, %

Item 3% FM 5 = : SEM
SFA

Ciuo 2.53° 2.29® 2.22° 2.16° 0.14
Croo 25.61° 24.71° 24.80" 23.29° 0.65
Ciso 14.94 14.46 14.17 14.43 0.47
Caoo 1.12 1.09 1.05 1.06 0.07
Cao 0.64 0.64 0.62 0.66 0.04
MUFA

Cie: 5.56 5.86 6.26 6.22 0.60
Cie 36.37° 37.15% 37.14%° 38.23° 0.85
Coo 1.33 1.35 1.37 1.33 0.05
PUFA

Ciso 11.38 11.84 12.04 12.22 1.13
Ciss 0.53 0.61 0.39 0.35 0.21
SFA' 44.83" 43.19® 42.80° 41.66 0.97
MUFA’ 43.26° 44.36" 44.77° 45.78" 1.07
PUFA’ 11.91 12.45 12.43 12.57 1.27
USFA* 55.17° 56.81% 57.20% 58.34° 0.96
SFA/USFA’ 0.81° 0.76" 0.78% 0.71° 0.03
Todine Value (IV)° 58.70 60.67 60.84 61.9 1.83

The data were given as mean (n = 6).

“® Means with the different superscript differed significantly (P < 0.05).

' SFA : saturated fatty acid (C,, o+ Cs0t Cigt CaooT Cano)-

> MUFA : monounsaturated fatty acid (C,¢,+ C 5, Cap)-

* PUFA : polyunsaturated fatty acid (C,g,+ Cg.)-

* USFA : unsaturated fatty acid (C,q.,+ C 5.1+ Cr07C 15 + Cigs)-

* SFA/USFA : saturated fatty acid (C,, o+ C5 Cigot Caoot Cano) / unsaturated fatty acid (C,,,, + C g+ Coo7Cogot Crgs)-

% Todine Value (IV) = C ¢, X 0.95 + C,g; X 0.86+ Cyq, X 1.732+ C 5 X 2.616 + Cyy, x 0.785 + C,,., x 0.723 (A.O.C.S, 1998).

FH% 6 7 45 5 8E T TSFP 4HBERRE Cup ~ Cieo K2 SFA B C,q, ~ MUFA ~ USFA £ & © Yan and Kim (2011)
f5 B AR B 58 GAE TN N 3% &%) K208 0 &8 S, boulardii 35T 1% 2 B %) 208 - HHLARERL I 2 FRfE g - i8Sk
(Stearic acid ; Cy,) ~ {G4EEE (Arachidic acid ; C,,) Sz SFA &&= EZEER(K » HEEZE I IIXEEHES (Linoleic acid 3
Ciso) ~ ZANBIFIASHLE (Polyunsaturated fatty acid, PUFA) K PUFA/SFA LULAH - 2 EEU0 S, 2R BES HO A%
HRR LA 2 R EE OB RN 6ERI G IR & & - BT PR Foa% 55 2 20 TR BB RSONS HG 18 S e 1 s B e M e
V)< EE R JOEME (Endo er al., 1999) o Fltss R B BUAGERIE NG IR TSFP 2 455 (L « HH4h - RERSEE -HAVEHD
HITEL BE N BRI 7 B S0 7 PRV Bk 22 TEAHRH - 25 BRI R B Il 22 Z2 AHRH (Fisher ef al., 2000) o AEXERE YR
B dna PR R Y R A G - BUREE IR IS EDR &4 TSFP REYaReE - N2 B8 2k -
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Abstract

This study investigated the effects of dietary supplementation with a two-stage fermented feather meal-soybean meal
product (TSFP) on carcass traits and fatty acid composition in finishing pigs. TSFP was produced by mixing Bacillus
subtilis var. natto N21, B. amyloliquefaciens Dal6 (Dal6), B. sp. Dal5 (Dal5), Providencia rettgeri strain Da6 (Da6), and
B. aryabhattai Da2 (Da2), followed by two-stage fermentation: acrobic fermentation for 2 days. The microbial solution of
B. coagulans 112 (L12)to the two-stage fermentation was added and mixed well, which underwent anaerobic fermentation
for 5 days under room temperature. The mixture was then oven-dried and prepared into TSFP. Eighty hybrid finishers (Duroc
x KHAPS) (average body weight 78.2 £ 0.15 kg) were selected and randomly assigned to four dietary treatments: 3% fish
meal, 0, 2.5, and 5% TSFP, with five replicates per group and four pigs per replicate. The feeding trial lasted 9 weeks with
ad libitum access to feed and water. Results showed that the 5% TSFP group had significantly higher meat redness than the 3%
fish meal and 0% TSFP groups (P < 0.05). C,,, and SFA of saturated fatty acids for subcutanecous fat were significantly lower
in the 2.5% and 5% TSFP groups, when compared to the 3% fish meal group (P < 0.05). The C,4, content of 5% TSFP group
was significantly lower than other treatment groups (P < 0.05). With regards to unsaturated fatty acids, the 5% TSFP group
showed significantly higher levels of C,5,; and monounsaturated fatty acids (MUFA) than that of 3% fish meal (P < 0.05). The
total unsaturated fatty acids (USFA) of 5% TSFP were significantly higher than those of 3% fish meal and 0% TSFP groups
(P < 0.05). No significant differences were observed among groups in dressing percentage, back fat thickness, lean meat
percentage, postmortem pH, chemical composition of muscles, physical traits, or sensory scores. In conclusion, 5% TSFP can
effectively replace 3% fish meal by improving meat color, enhancing unsaturated fatty acid profiles, and reducing saturated

fatty acid content.

Key words: Carcass traits, Fatty acid composition, Fermented feather meal, Finishing pigs.
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