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Effect of Ferulic Acid Esterase Fermentative Feed on the Ternary Pigs

LUO Yun', WANG Zhenfa*, MEI Sheng', CHEN Peiqin', LI Xialan™
(1. College of Chemical Engineering,Huaqiao University , Xiamen 361021, China;2. Environmental Protection

Monitoring Station of Longwen Area, Zhangzhou 363005 , China )

Abstract. This paper was to study the effect of ferulic acid esterase on fermented pig feed. In this
paper,commercial microbial feed starter cultures were blended with FAE,which was a crude
enzyme solution produced by laboratory. Subsequently the mix was used to fermented pig feed,and
the effects of enzymatic fermented feed on ternary pig performance and digestive properties were
mainly studied. The results showed that,compared with ordinary fermented feed, the feed fermented
by ferulic acid esterase significantly improved in flavor and palatability. In fact,the degradation rates
of acid detergent fiber and neutral detergent fiber were significantly improved (P<<0.05). The total
amino , ferulic acid,xylooligosaccharides,total bacteria and lactobacillus in per gram of feed were
significantly improved (P<<0.05). In the ternary pigs feeding process,compared with the basal diet
group, the average daily feed intake,daily weight and feed conversion rate of ternary pigs in enzyme
fermented feed group were significantly improved (P<<0.05) , the digestibility of dry material , neutral
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detergent fiber, acid detergent fiber and crude ash in enzyme fermented feed group were significantly

improved (P<<0.05). Ferulic acid esterase can improve the flavor of fermented feed ,ameliorate the

quality of feed ,and promote the growth of pigs as well as enhancing their digestibility.
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Table 1 Composition and nutrient levels of basal diet
(air—dry basis) %
E'S 66.00 R fig/ (MJ/kg) 327
SR 10.00 sk =5 18.11
R 10.00 i 0.90
TR A 4.00 S 0.60
At 100.00 A R 0.42
i B 0.95
HAR+F AR 0.65

T e TOIRRL BT 58 A A 2 41 . VA 2 000 TU, VD, 2 000 TU,
VE 15 1U,VB, 3.2 mg,VBs 3.0 mg,VBy 15 pe, % # %
riboflavin 3.0 mg, Mg folic acid 0.7 mg,7Z & pantothenic acid
11 mg, & niacin 20 mg, 5L 164 choline chloride 1 000 mg,
H:H) & biotin 0.15 mg,Fe 80 mg,Zn 55 mg,Mn 70 mg,1 0.24 mg,
Cu 9 mg,Se 0.25 mg;b. R RE A5,

1.2 RIEH

121 ERALE HE IS E (G A X o i
10x10%) , b i BE B2 85 b1 A BR 2 W] 77 il 5 R4S
U TR SR S 1 it T 3 5 1100 e A% AH (5351
J 1 Agilant 23 7] 7= 5 s HPX-42A 4, ¢ [# Bio—-Rad
28 Al PE i ;ODS=C18 A, 32 [E Thermo 23 ) 7= i ;
UV-6100 550 ] WL/ e BT, b i 583l ik A%
AR H) 7200 52.5-12A B W voheH i XA se
ASCHS T i3

122 =24 BT B AR RS, SEHE
Sigma 23 F] ;=& s BIZRER H MR A5 fEFE i, Alfa Aesar
ONFLE il s XOS BRI G A THERRIE G, B ARG AL
25 Tl AR a0 S ph = s B s R I e iR ) & AL IR
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1.3.1 FAE #piz ey #l & WAk Rihs, L
A7 17 356 I R8T

A7 5 35 3 PDA £ 97 5,36 °C,200 r/min £f
F#2d,

BRI, B 5000 11 IRAB Y a8
39.30% , 7K J i 4y BX 58.20% , i R BE T 4 A
0.06% , T R 24 J5 43 %0 2.44% , R FH P& 43 R %
% ,33 CHiF: 6 d,
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& VR RO IR R 4
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J5 (AW Bt B o0 80 - B R & HEE 26% , 1
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Table 2 Grading criteria of diarrhea
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8 KIFhf, 4 H 06:30~08:30 fil 16:30~18:30, K %
R ZEAEIR 21, B 1 000 g ZEMHE AL S, A 100 mL
J 4341 10% 1% HCL IR 5 J5 F-20 CUKER A~ A
5510 NG A4 3 d IR A, R 5 7 AR I . R
FHER R AN 5 7% JK 43 (ash insoluble hydrochloric acid,
AIA) N TEMESE R, A4 4 1 ONDF
ADF ADL ¥ 5t KLIK 43 0 T8 A6 3 5 fl AL 3 B < i
ST IR 0 100 P 5 AL RE G RS RE B TRDRE B 0 A B
W THRURDRHR I
1.6 HEFESZEITSH

B4 >k ] SPSS 19.0 #9 ANOVA #4707 %
AT, Duncan 51T 2 8 A, 45 AL B0HE DA 2 {H +
PR ifE2E (meantSE) F 7R
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2.1 FAE A8 & R

2.1.1 FAE x4 # & B & R %oa Bk & B i
RN B, ELA 7 A TR R I R e 1T S O
25 N LLET I (1 MR % 4505 R 25 B U B 48 N R
R S%, T R IR T 9L R
Wk 35 5] e e R T 7 A 1 R R AR vk B {EL R
B BWRIR, R EWA AN ERRE, 28 F L
I, Tk S AURE 5 TRDRHIURL Y 5] Tl Ak & T T A
TIUAT 2 i R [0 265 A T A 380 %) REL T VR, 68 EC A sl 23
s R, FLIE AL & e ikt B f o EL O Ak, & )
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Table 3 Effects of FAE on sensory quality of feed (n=3)

L RAK K | Fobs RIS
ZRAR ki ERE W 0
o mEmEk, ks T
MAEEER o ugme PRC e Ak

O3B 12.17% , (545 K B i Ak T SR KA , AN 224K,
2.1.2 FAE sHaAt4m e %m B3 4 710 B
RS & B TR L ADF 5 NDF A [ fi %
Iy T 5.13% 2531%, AW E LR (P<
0.05); Wik & Bk B &R (FA 1 XOS 1) 5
B B L R A R T 1.71.,2.33 T 1.88
5, ELA 35 22 57 (P<0.05) 5 B 1) ) 40 B A B
FLRR T BAW & = R KR W, Al 1 10* £ A
10° 1%, B AT i 3 25 53 (P<0.05) . iX &/ T FAE AT L4
Rk B 2R AT DA AR AR 1 R SRR R PR R4 R
it A JBT 2T A v AR Bl R 4R ol TR A A T TR Hh ) £ 4
Rt 4 v BRI T XOS AT FA L, XOS A F T 235 A4
(3 e, FLA T I R v A T 38 m 1 i 8 R L/
O3 KA ) B AT DA RO A 5 TR Y BEE . AL
R L A TR RS FLRR TR B
TR BB (P<0.05) , {H 2 LR TR A 5L 2F F6 T 14T
P BE TR A5 A 45 R R I A 1Y [R) B O 1R A R AR )
RE e SORE 0y & i H K R DR P 3L R BT i 4 2K
(6.21 mglg) & T WAk A T 1) B} v 2L R T o 43 4K
(3.99 mg/g) , B A i 3 22 5% (P<0.05) ; & 1 # pH

%* 4 FAE 3R 428 B B9 22 0
Table 4 Effects of FAE on feed composition (n=3)

R B 5 B G
pH 4.110.01° 4.27+0.01" JE SRR (mg/g) 45.27+6.63" 77.28+3.32
LR 115 18.42+0.28 19.34+0.14 FLER (mg/g) 6.21+0.16° 3.99+0.14"
HLZT 4 16.60+0.35 15.23+0.06 P #% (FA ,mg/g) 0.21+0.01° 0.49+0.01"
PRV 4 2T 4 (ADF) 17.95+0.01° 17.03+0.08" TR AHE (XOS, mg/g) 24.33+0.28" 45.84+0.19
P P U £F 4k (NDF) 31.2120.05 23.310.01" AN (1 g) 10 iy
PR TE V% K B % (ADL ) 3.52+0.01 3.46+0.01 FLFR T AL (1 g) 10* 10™
s¥ia 2.08+0.11 2.47+0.01

T« [R5 47 T8 5 B8 s8R R AR AR 7] 5 B 3878 28 R L 35 (P>0.05) , R RN P8 3R 25 57 12 35 (P<0.05) , K5 FhE R 2

% 3 (P<0.01)

4.11 S5tk & i klpH 427 h BT B E25 (P<
0.05).

2.1.3 FHE AL KW 8L & B R
M2 AR FR ISR 5 Ui, 35546 (GB 13078-

2001 Falpeh A A o SR
22 EUEEBARN=ITIEEERNEMN

FE I 4 AR v 4 HRCE R G R WS A ] B
AR M2 Y, AR TS R 100% , C 4
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Table 5 Hygiene inspection report of enzymatic fermentad feed

i/ (mg/kg) <20 <100 o[l A R (pelke) 8 <20
B/ (glkg) 2.78 <250 T 6/ (me/ke) <0.01 <0.2
K/ (mg/kg) <0.1 <0.1 IR/ (A g) ARA AT
#/(mg/kg) 2.1 <10 R R AR/ (mg/kg) 3.56 <I5
Hil/ (g/kg) 1.28 <35 FAE P/ (meg/kg) 32 <50
B/ (mgfkg) 1.02 <10.0 S AR R R/ (mg/kg) 30 <500
£t/ (mg/ke) 2.5 <13 A e B IR/ (mg/keg) <200 <500
#i/ (mg/kg) <02 <05 Ui B A 3/ (me/kg) 8.3 <60

B TE A A 4180 B 2120 54K 0.35%HM10.21% , 7%
S8 (P<0.05), L& 6,
*6 FAEW = t#EEEENZMN
Table 6 Effect of FAE on the diarrhea rate of pigs

AL | RSB | B LR REBTR L
(A 4H) (B 4H) (CH4)
(EE=A4EIPS 27 27 27
EREEAIES 27 27 27
WE Y5 /% 0.35+£0.05* 0.21+0.01" 0.00+0.00¢
YT 2R /% 100.00 100.00 100.00

T AT I 5 Bk s B bR R R R 2 R
(P>0.05) , RNRI/NG FhEFR R 22 57 1 3 (P<0.05) ,, K'E F 1%
7R 25 S 3 (P<0.01).,

23 B REEARNZTEET AN
a7, 5 A4 B M, C AT
HREREDME T 41.10%H 15.73%, 2R B#F
(P<0.05), C M H G E 5 A 4151 B 4140 He oy
FHRE T 26.15%F 17.14% , 2 5% B3 (P<0.05)., 5
AAE BAMFHHREERS T 21.92%, %
S (P<0.05), 5 A4 ,C 4 B 4k E
Fe 54 T 11.56%F0 12.89% , 245 . (P<0.05) ,
# 7 FAE X =505 4 7= 14 8k 19 5 0
Table 7 Effects of FAE on pig’s growing performance

gp | EEEREL | RRERRE | Bk R
‘ (A4H) (B 41) (CH)
Ty H b . . :
F/(ke/d) 0.65+0.04 0.70£0.06 0.82+0.02
T HR C . ;
f/ke/d) 1.46+0.12 1.78+0.13 2.06+0.22
BHE L F/G 2.25+0.06¢ 2.54+0.14* 2.51+0.13*

e AT T B BB S AR AR R B R OR 2 RN B
(P>0.05) , A IRl/NE FhE IR 22 5 83 (P<0.05) . K5 F 1%
7R 25 S i 2 (P<0.01) .

24 B EEARNZTERIELENZE

e ek 2R LT A S 0 I R T ATA kg N IR 4
ARF HECR A 10215, MRS AL 5 A 41k
L2 S S I O S DG B 7/ B Tl D E s 7l =
0.31%7%1 0.35% , 2= 5 . % (P<0.05) ; 5 A 4 L4, B
ZH R C 41 X%F NDF By 38 Ak 2% 45 5 48 & T 9.39% Al
10.34% , 2 5 1. # (P<0.05) ; 5 T ADF #3416 % B
U C AL A 042 T 60.59% 1 79.95% , %
SR 3 (P<0.01) 5 XKL 73 9 TH AL 3 B 41/ C
M5 A MM E T 12.65% 20.61%, 25
3% (P<0.05),C 415 B 4MI He , RPHLIK 23 19 15 1L %
e T 7.06%, BAT i 35 2 5% (P<0.05) . B 41A1 C 4l
X = JCHE AR LR AT W B I AL SR AN 3, ]
B T 7 GRDRL I A 0 e T o B b B R T —
SRR AR AE 0 B I b b RE S E — 2 P R B
i A I 2T 24 A A 2K
2.5 BB EZEEARLREN S T

F & R A 0 T DR e R R
M U SERE AR KR LI TN T 6.82% , FE Ak & B AR R P ER
I T ARDRE R AN FAE LR, H AR A EL 3 A
RGN T 15.91%, K5 W], C 47 5L
fo R R B 0 . R B A A 4 m T
63.54% ,26.15% 1 6.62% , E.A7 tik 3 25 5+ (P<0.05) .
e 9 FIHN,C 4 B AR v R R R L, (H H
Aok B AR ) XU R DR A A T B R
5 FH 88, T AT 4 e 0RO B m & U
26 HEAREKRN

e RGN, ) A K T AR A 1) fE TR T A A B
L 10 s, ¥ E (GB 2707-2005 & (%) & A
TAEAREYER
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&8 FAE x5 oRIAELENZMm
Table 8 Effects of FAE on nutrient apparent digestibility
R A U ¥4 AR I

Yo (J 42k 73 %0

YRR TR AT e | RRYEVEIREF 4R

2 : fl ?% - B j‘—‘ JAN
(NDF) (ADF) TR % (ADL) Hx
) A 4
gﬁ@ﬁ 1 53740008 53.48+0.56" 20.68+2.68°  76.67+030°  69.28+2.24 41.34+0.06* 82.97+0.34*
T
k%ifﬁ L g4.00.001" 58.50+1.34" 3321+0.15°  78.08+0.53  71.74+1.48 46.57+0.28" 84.52+1.66"
il £ e 1 ] . n o a
Ky SA03s001 59.01+1.27" 34.19+0.06°  78.89+1.15*  71.98+2.25 49.86+0.14 87.05+1.49
1 [ 8 T B s R TR bR A ] 2B R 22 5 R 5.3 (P>0.05) , AN l/ING FRE R OR 22 55 .35 (P<0.05) , KE F R RoR 257
% 3% (P<0.01).,
=9 {ARHRENS 7
Table 9 Remuneration analysis of feed
SRR (A 1) R WERDRHAL (B 41 W16 % B BB (C 411
TR A/ (TT/kg) 2.20 2.35 2.65
T 32 1/d 125.00 125.00 125.00
-4 H 8 T/ (kg/d) 0.65+0.04b 0.700.06" 0.82+0.02¢
-2 H R A/ (kg/d) 1.46£0.12¢ 1.78+0.13" 2.06:0.22¢
TRE2E /(T 3%) 401.50+33.00¢ 522.88+35.91ab 682.38+61.60"
TR /kg) 14.40 14.40 14.40
EV A ONEHEY 1170.00+72.00¢ 1260.00+108.50" 1476.00+36.00°
EHIOTIL) 768.50+39.00" 737.12+72.83 793.62+25.60"
Bl A /(E/3k) 0.00+0.00* -31.38+5.210° 25.12+4.14"
A AT TG R SRS R bR AR R R OR 2 B OR B3 (P>0.05) , ARV FRER R 22 5 B3 (P<0.05), REFHERRER
W8 % (P<0.01)

®10 ARBULZBAENERNIERUERS

Table 10 Hygiene inspection report of pig meat feeding enzymatic fermentrd feed

A6 I 25 2R/ (mgrkg) K 0 45 5/ (mg/kg)

% i PR 4 /(mg/kg)

FATfI(As) 0.06 <05 BV A <0.01 <0.1
#(Ca) <0.1 <0.1 RREZE <0.01 <0.1
oK (Hg) <0.01 <0.05 +HE 0.03 <0.1
£+ (Pb) 0.03 <02 UIEZS S 0.02 <0.1
4 (Cu) 1.5 <10 HER 0.01 <0.05
i (Cd) 0.01 <0.1 HERE R <0.01 <05
(P <0.1 <20 eI <0.01 <0.1

DI 8N <0.1 <3 E =R <1 <5
VAVAVAN <0.01 <02 W 7, T FA <0.004
T 1 <0.01 <02 e 2 <0.05 <0.1
i i <0.1 <0.5 0 W 13 A AN (K 1 BR 0.001)

il FE VR I 2 A ANFAG Y (A HE R 0.001) TR T BB cfulg 3000 5%105
T Mg Rt AR (R B 0.001) K T E, MPN/100 g 300 1x103
ES P AL A At (R 2 B 0.001) WITRE 0/25 g(k K ) ARAHR
EIN T (R A AR (KR 0.001) bR R A RE 0/25 g(A K i) AT HY
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PR T B R 2R AT AT FLERAT I . TERE AL
TR FAE & TR0 b AR 1 T 0 b 1) R 3R
Wl Tt O [) VR D, 2 TR A b s 3R DR B A A AL
A FA FIXOS, BEAE G0 P R Ry K
BE 5 & A REAE B B0 P T D D T A R X 1
I, Rl AR BT 4R MR S R ) T o R A
A AN A — 2 S0 e K A DL S
AW R . XOS IRtk ot e 08 90 15 iz 18 1
TP, A 0F R T TR RE P AR MR 0 A KSR AE
L E— B LA T A Z A E R,
32 FAE BB A BEER N = TEET N EMN

JrWE B FAE i A6 & T RE 48 T R XL
ORGSO (e E R &R IR A e RE L X
R R R TR R A R R A T L A
XOS #4545 AW, AT LLSE At il & S i A F
R A 5 T SE 00 W 2 | I Ak & 1 ) RL B TR L
TR, BORAEL AR P n] R R FA
A 87 TR R A e T S A XU 4 Jo 2

WIS T5 A S I, BT O A v e XU el
WO R E SR E AL R, A2
T W] FAE Bk A B fnpR AT LAt 35 4 i = oo 09
HJ H 34 FFNF R i Salem ZEP SR BTRhnEE 77
e v AT P A3, Tl R0 R AR I R T A
S0 ARk AU B8 TR £ o B o TR R

SZ Wk

PEHE R & WA K AERE ML e RE . T MR S BIR] fi
IR T T Tt £ A T T ek ] ML PR RS | PR RS () H 3 o 4
T 6.42% B HLREAR T 11.34% ., BLAk, Bk %
T AL RS T EVS 2R, NI g & T & Ak as .
Marla %5 2 W} 5% % 3L & FAE I 9 17 1 e i
L, 1T LR U 1 R FAE BTG, FEAIGa03% P AR
PR L 22 R S N W o, 8 v A e H RO D i 3% 4
A B T8 5 2h W i AR A NSO B Lk S AR N R O
(G
3.3 FAE BBL A BEARI X = maE s 2m

T e i Ak R Ay, 3 IR 56 s 4 %ot A Rk v o R
Yy 5T A O AR BRI 5 R RDRR 1Y) = g
AR AR EU e T ) ek R i A i TR TR 1 R AT 4 3
ST B WG S AR T AR S b R B
[] , (o A5 AR A SR A T JE AR MR 4 . Strube S5P7HE
BB v R} b £ 2 2R B AR IRARCR AT L 4 A
BHLESE I i i OR B B R) AR RN AL S K I
T EHALAR B, T T AR B R e R R
FIT CEAAERMIE R RS EE, XERY FAE
it £k T T R XT = T8 T B R AR 1 BRI £
R WG 2 TSR

I

4 = i3

FAE 5 A= 9 1) b S 1 5] 3 () % 1 T LA A1
T Rk v 25 A TR A I TR B Sl 2 A 2 1 A R
o FA XOS 45 4 A4 J0 i 430, 32 DR S SR AN
(B 76 = JCHE GRS i il Ak 2 e DR T DA 2
P =0 R F 34 H R RN X H OB R 4 R
WA R AR TR A T AR R B
SO SR AR

[ 1] LI Xialan, CHENG Shanying, YANG Daoxiu,et al. Utilization of feruloyl esterase and xylanase for the degradation of brewers’

spent grain[J]. Chemical Industry and Engineering Progress,2012,31(5):1096-1102.(in Chinese)
[2 ] ABOAGYE I A,LYNCH J P,CHURCH J S, et al.Digestibility and growth performance of sheep fed Alfalfa hay treated with

fibrolytic enzymes and a ferulic acid esterase producing bacterial additive [J]. Animal Feed Science and Technology,2015

(203) :53-66.

[3]ADDAH W,BAAH J,OKINE E K, et al. Effects of chop-length and a ferulic acid esterase-producing on fermentation and aerobic

stability of barley Inoculant silage ,and growth performance of finishing feedlot steers[J]. Animal Feed Science and Technology,

2014(197) :34-46.

[4] LYNCHJ P,JINJ,LARA E C,et al. The effect of exogenous fibrolytic enzymes and a ferulic acid esterase-producing inoculant

on the fibre degradability,chemical composition and conservation characteristics of Alfalfa silage[J]. Animal Feed Science and

LHStHRAZIL 2018 FE 7 EE 5




RES EA RCH ARTI CLE LUO Yun,et al: Effect of Ferulic Acid Esterase Fermentative
Feed on the Ternary Pigs

Technology,2014(193).21-31.

[5]LYNCHJ P,BAAH J,BEAUCHENMIN K A. Conservation, fiber digestibility,and nutritive value of corn harvested at 2 cutting
heights and ensiled with fibrolytic enzymes, either alone or with a ferulic acid esterase-producing inoculant[J]. Journal of Dairy
Science,2015,98(2):1214-1224.

[ 6 1] YANG Daoxiu, LI Xialan,CHEN Peiqin,et al. Application of a novel compound enzyme in broiler feed[J]. Journal of Food
Science and Biotechnology,2013,32(4):410-416.(in Chinese)

[7 1 WANG Linlin, CHEN Peiqin, LUO Yun,et al. Enzymatic fermention feed by the feruloyl esterases quality and effects on the
performance of broilers[J]. Chinese Journal of Animal Nutrition,2015,35(6) :689-694.(in Chinese)

[ 8 ] WANG Linlin, CHEN Yunhua,CHEN Peiqin, et al. Preparation of ferulic acid esterase enzymatic fermented feed and its effect on
the nutrient utization of broilers[J]. Journal of Huaqgiao University (Natural Science),2015,35(6):689-694.(in Chinese )

[ 9] XU Jialu,ZHAN Haifeng, CHEN Yifei. The method of determination of crude protein in feed[J]. Aquaculture Technical Advisor,
2014(3) :49.(in Chinese)

[107] He A M A0 [ ] 57 5k W A 6 A 928 2 JR) . GBT 6434-2006JSQ 4k HiHL 25 4 & J5 5 [S]. db 5T . v B AR v 3 Bt | 2006.

[117] A AR (] ) 5% o W A B0 K 9% )Ry . GBT 20806-2006JSQ H 1 Pk 14 41 4 I s [S]. b it . v [ A v 1 i 41, 2006.

[12] v AR i [ee] ) 3R o W A 360 A 3 )Ry NIY'T 1459-2007JSQ Al ek v 2 4 v ¥4 £ 4k (¥ ) 22 [S]. b o« b [ b o 13 R A1
2006.

[13] v A He i ] ) 5% 0t W0 R 30 A 3 S )R . GBT 20805-2006JSQ Al e v i 4 9k ¥ AR 5 3 (ADL) 199 7 [S]. b 5« v [ 4
#fE 1AL, 2006.

[14] Hh e AR LA e R % Dk W B A 6 A 28 2 JR) . GBT 15672-2009 £ FH i Hh A B & B i I 52 [S). b 5T v b ot Bk, 20009,

[15] 4 A B A 5% Jo o MBS A 00 K 82 AL JR) . GB'T 13093-2006 Fi ek v 41 b A 45 1430 532 [S]. Ak 5T 2 v AR v H AR £, 2006.

[16] e AR [ K TAE#B. GBT 478935-2010 £ il ¢ 4 [ K AR M £ i (3 A= W 224G 30 LR T AG 3 [S]. AL e - o [0 A of 1 R
#1,2010.

=X
B
=R
LEEN

[17] Hhie AT 0 ] e 580 4k B A 0 A6 9% B JR). GBT 13078-2001 )k} T A= A3 [ S]. b e . oh AR HE 1 Rt , 2001.
[18] rAie AR S 1 ] [ ¢ 0 5k M B A 30 4G 9% 0 Ry . GBTT 18406.3-2001 4R 7 il & &2 i 5 oA 3 % 8 W & 2 2K [S]. ALt . h E AR

i th kL, 2001.

[19] CHEN Lixian,HU Ting,XU Ke,et al. The influence of probiotics on intestinal microflora in piglet[J]. Acta Veterinaria et
Zootechnica Sinica,2013,40(1):172-174.(in Chinese)

[20] HUANG Jing, XIN Xiufeng. A prebiotics effect comparison of functional oligosaccharides[J]. China Food Additives,2009, (1):
30-33.(in Chinese)

[21] TOPAKAS E,KALOGERIS E,KEKOS D,et al. Bioconversion of ferulic acid into vanillic acid by the thermophilic fungus
Sporotrichum thermophile[J]. LWT - Food Science and Technology,2003,36(6):561-565.

[22] OU Shiyi. The function and application of ferulic acid[J]. Guangzhou Food Science and Technology,2002,18(4):50-53. (in
Chinese)

[23] ELGHANDOUR M M Y ,ABODELFATTAH N M,CASTANEDA J S M, et al. Direct-fed microbes:a tool for improving the
utilization of low quality roughages in ruminants[J]. Journal of Integrative Agriculture,2015,14(3):526-533.

[24] ANIL K P,ABODELFATTAH N M,MOUNIR M E, et al. Role of live microbial feed supplements with reference to
anaerobicfungi in ruminant productivity : a review[J]. Journal of Integrative Agriculture,2015,14(3):550-560.

[25] NAHLA A A,ABODELFATTAH N M,MOUNIR M E, et al. Biological treatment as a mean to improve feed utilization in
agriculture animals-An overview[J]. Journal of Integrative Agriculture,2015,14(3):534-543.

[26] MARIA C,ABEIJON M, CECILIA H,et al. Functional goat milk cheese with feruloyl esterase activity[J]. Journal of Function
Foods,2013(5):801-809.

[27] STRUBE M L,MEYER A S,BOYE M. Minireview : Basic physiology and factors influencing exogenous enzymes activity in the
porcine gastrointestinal tract[J]. Animal Nutrition and Feed Technology,2013(13):441-459.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.5 2018



