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DU 433 BT fF 26 RE 500 g, &5 Fb 451 BURE 3 BUR A
250 mL, 43 5l il 10% i /2 [ &, ZERECA (65 +
5) CHYHERA Ak 2 4 5 TR) s SR B 1) R RE ) Bk ik
40 Bf, FrAFESE T -4 CUKIEMRAA &,

&1 ERARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items
JE#l Ingredients

& Content

E K Corn 69.75
.t Soybean meal 26.94
KM Soybean oil 0.91
f1 ¥ Limestone 1.12
WA S 45 CaHPO, 0.13
R IR K Trace-mineral premix" 0.50
A4 ZHUR AR Vitamin premix” 0.05
£ NaCl 0.30
Z4kHAEH Choline chloride (50% ) 0.10
L-i% B2 L-Lys 0.17
DL-H %R DL-Met 0.03
41t Total 100.00
35K Nutrient levels”

1k fE DE/(MJ/kg) 14.38
fRISHRE ME/ (MJ/kg) 13.79
HE I CP 17.52
5 Ca 0.63
AR AP 0.25
R Lys 0.88
HEH R Met 0.52
IR Thr 0.51
R Trp 0.15

1) BRAE R 5 75 17 B 42 it The premix provided the
following per kg of the diet: VA 10 000 IU, VD 2 500 IU, VE
5 mg,VK 2.5 mg,VB, 2.5 mg,VB, 6 mg,VB, 3.5 mg,VB,,
30 pg, MR nicotinic acid 25 mg, D—Z iR D-antothenic acid
12 mg, MR folic acid 1.2 mg, E#)Z biotin 0.2 mg,Fe (as
ferrous sulfate) 120 mg,Cu ( as copper sulfate) 8 mg,Zn (as
zinc sulfate) 120 mg,Mn ( as manganese sulfate) 10 mg, Se
(as sodium selenite) 0.2 mg, I (as potassium iodide )
0.2 mg,

2) HLEE P BURIES S DNE , A A5 {H . CP and Ca
were measured values, while the others were calculated val-

1.4 REEERR

THAARBHA IR 25 S L 06 .00 FF IR W HE AL 22
Hh RS LR A R PR I, BEHR R, Fr 2 2



4 3 VT M < M ASAY | 22 22 SR YD X AR R A I PR RE R o T AR S IR R ] - 2323
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ok 6 i, 03k 120 ANUEIR . ERES I
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R TEY) B pH A ALE AL A& = UL E R R
A OB IR TR 5 IR | R | sl Wk %t
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1.5 #ilFEHR

A K MERE  ZEIR I EE 1 KA 81 KR F 43
XPRESR M 7S I AR, FEFRE A HT 1 K 1730 158}
FFEE MM, 1T 24 H 3 5 (average daily gain,
ADG) -] H >k & i (average daily feed intake,
ADFI) F1#L . ( feed/gain, F/G) .

o AR AC R A5 TR R A i R
R AR R TR, 2% GB/T 6435—
2006 ; 43 BT B R FH % R 4 i s 1A D o, B IR
NY 525—2012, faHFIZE(E i 2 P8R PR RS
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PR E )/ CREEXER T
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F2 2 1 R 7 1R e B DA A il D8O v B A
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B0 10 min, S WEAG BRSO 5 FE Y B VR
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Ja A EVEW 1 mL i 0.4 mL 9 5% H R, A
1.5 mL B0, BT -20 CUkFER %8, W ik
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P£ 5 mL 528 W HR W WOIF 28 0.45 mm S8 I
U8 UEMBE R AT S, B AR L L DB
PEASA T, T E LR R . T R S5 IR Al

FLUR Yy 5T vk BE . DN B A il 8O T B )
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%M, BEAES 1 WL JE VR E A SR (6
ASC, 000 7 M| Pege | == Y R M P R X B T R R
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AL & R A L & =
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M

AL (C/N) - F5 A HLak 1 5 & 2 5 A W B
TR A, AL S % (A HLIEE) (NY
525—2012) A R %L 1,724, BIBR A L = (A HLIR/
1.724) / BVA
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Table 2 Growth performance of growing pigs
i H VI RHE FHHE FHHERXEE REL
Items IBW/kg FBW/kg ADG/kg ADFIl/kg F/G
X} K& Control 33.10 79.14 0.56 1.54 2.76
- Wi 451Ky Barthworm powder 33.61 75.81 0.49 1.41 2.67
/Gr:)Jups 22 22 BLEUY) Yucca extract 33.57 76.91 0.54 1.22 2.27
T W) 4 + 22 = i
LU+ 22 22 SR ) 33.51 75.51 0.53 1.27 2.39
Earthworm powder+yucca extract
SEM 3.15 5.88 0.10 0.17 0.12
#7155 Earthworm powder 0.790 0.071 0.435 0.119 0.439
P {8 22 2R EUY) Yucca extract 0.820 0.669 0.982 0.003 0.002
P-value 7 18 Y 4+ 22 2% R
MBI+ 22, 2 R 0.790 0.059 0.120 0.021 0.143
Earthworm powder+yucca extract
22 WEBM LZERMPXMEKRBERSBENL  TRASTEIER T 4.8% M 17.5%, 2 =24

G

1% 3 AT 1, B o i |y B 24 24 SRR
XFF 9 5 A A LT 0T A R R R
(P>0.05) ,{H B b 25 $& = R 3R 1 5T 2 WL T 1k 32 &%
FLAE 1 B WA 3 (P<0.05) |, H: v i 5] 5 2 %5

O BB A R RS T 3.9%F1 17.0% ., 404 Vs I
W\ A9 A 22 22 H HU) % A AL 3 UL T Ak 3 0 B 2
EAEH (P>0.05) , {H A8 3% 48 = T4 s RUOHL &R A
JoT T £k 2% DA BOHH 2R 11 3 LA 3% ( P<0.05)
B RRLH A4 B T 6.3% .6.5% 1 20.8%

R3 ERBHOFSBLRBHER

Table 3 Nutrient digestion and metabolism indexes of growing pigs %
- LWL L3 Apparent digestibility S AR
Iy Apparent metabolic rate
Ttems TR ANR HEAR PP
DM OM cp L& H 5 CP
%t H{ Control 87.79 90.22 87.72 44.80
. W45 Ky Barthworm powder 90.90 90.47 91.92 52.64
E}rzups 22 = JEIY) Yucca extract 89.90 90.06 01.22 52.48
I 05+ 24 2% L0
LA+ 22 2SR 93.31 90.56 93.44 54.11
Earthworm powder+yucca extract
SEM 3.15 2.47 3.39 1.13
i 451Ky Barthworm powder 0.089 0.660 0.019 0.008
P{H 222 PEHUY) Yucca extract 0.061 0.242 0.001 0.007
P-value s+ 24 2% 5
MBI+ 22, 2 L) 0.002 0.447 0.001 0.031

Earthworm powder+yucca extract

2.3 R, 2 Z RIS E KB IR LK B HE
BlR.BESEMHRE LN

F 3R 4 AT, 25 AR KO 28 R b S/ RTA L
JoT B i WA A A RIS ] A A S R R T B R A, 7
KPR (BREE 10 KA, M 1508 2L 28 PR R

3 T HABA (P<0.05) , Kb R eSS 15 K
A REANBRTEE &R TR (P<
0.05) , I3k 2 fe i {8 76 K BESH 5.10,15 .20 K
i, IR U0 2 A LT 7 2 38 0 2 T IR (<

0.05) o H1 - IRSE R LA, Bk S i 22 22 32 e x

AN
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Table 4 Changes of organic matter, total nitrogen contents and C/N during fermentation of

fecal-urine mixture for growing pigs %
iE| 5] % B [E] Fermentation time/d
Items Groups 5 10 15 20 25 30
%} & Control 74.67° 74.82¢ 69.27" 70.58" 72.68* 70.54*
— M ¥5 %3 Earthworm powder 81.46° 82.47° 71.99° 74.89° 64.45" 63.66"
oM . 24 22 LY Yucca extract 85.01° 78.61° 68.67° 73.38° 76.77 68.55"
e R + 22 2% ) ) ;
7 e 86.11° 77.63¢ 75.44° 74.21° 76.49° 68.42°
Earthworm powder+yucca extract
X+ 18 Control 2.68° 2.75° 2.73° 2.64° 2.61° 2.31°
e i 851 %3 Earthworm powder 3.00* 2.76° 3.04° 2.95° 2.53" 2.77"
T“Nﬂ 22 22 E) Yucca extract 2.86° 2.70° 3.02° 2.81° 2.54° 2.45°
e 45143 + 22 % $E I
il B 2.94° 2.94° 3.06° 2.80° 2.72° 2.66°
Earthworm powder+yucca extract
%8 Control 16.16° 15.80° 14.70° 15.53° 16.15™ 17.69*
BRI it 451Ky Barthworm powder 15.81° 17.31° 13.76* 14.71° 14.80° 13.39¢
C/’N 22 22 JLHUY) Yucca extract 17.26° 16.89° 13.19° 15.15° 17.51° 16.21°
e AR+ 22 % 48
il ) 16.99* 15.32¢ 14.30° 15.39° 16.30* 14.94°

Earthworm powder+yucca extract

[ 5 K AN ) 7 B 3R 22 5 % (P<0.05) |, AR R) sl JE 7 B 7R 22 S AN 3 (P>0.05) . N K[,
In the same column, values with different letter superscripts mean significant difference ( P<0.05), while with the same or
no letter superscripts mean no significant difference ( P>0.05). The same as below.

2.4 HEEIH, 2 ZIREU T £ KB R A B A i
¥ & MERR BAER MR B & pH MG

HI 3 5 FIAL, 76 R WERTI (55 5~10 K) , % f
Y RN A 2 FE PR T R N R B T TR VR
To T2 2% $ U A R i )y + 22 22 SR 4 (P <
0.05) , 3k 2 f KAE, [F] B0 B 20 55 e 45] o 21 2%
PR S NG RN G PR R B 25 7 AN 25 (P>0.05) 3 K
B (56 15 ~20 K) |, 22 2% $2 HUY) 41 A ik 15 6 +
22 SRR FE IR T O TR TN R T R vk B A T
Thim, IR BN 5 AR, (EATS 5 35 {5 T 6T BR 2 R i 5]
M (P<0.05) , I 15 4 2 1 22 =2 3 B 20 28 Ik
TSGR R S IR TR BE A BT BTG AEL PR A 22 O i
(P>0.05) ; KBS 1 (56 25~30 K) , X BR 2 Al i
WSR2 PR R TR S T R VR I R T 44
=2 35 U 0 R e ) R + 22 22 SR ERI 4H (P <0.05)
MEEA KT TR R S HFEIR 1) pH Y5 A 2 9
FeREAR S T Fe o 1) e 4, JHE v xof B2 R e 151 45
AR R BESS 10 RiK B i /ME., 22 22 $EHUY) 240 Fl e

WA+ 22 > B U 20 7E R BESR 15 Rk B de/ME,
I e 30 V) 4% 2 36 R b 5 O 2k R 5 R ViR B8 AN pH
FEARAREOR T, IS N 22 2% 3 U S A S N
B 5 1 22 22 SR HUY) BEBE AR 2 IR h 2 R L TR R F1I
THERU R, 22 fif pH () BE AR 22 (H SRR o fin 22 =%
PEIUY) 23 58 0 2 PR b S R TR B
2.5 HEUS[HY, 2 ZREMIN A KBEERLZELE
xf R Ep | 5| Wk 5 = FR B 5] B3R B A9 B2 11

H1 & 6 W], 78 & I A I A B (58 5~ 20
K, SR FE PR o X H By ( 22 =32 U 4L Es 10
KR ) FN = H FH s Wiy J8 (e M| Aoy 2] 1 22 2% 4 B
PSS 10 RERAM) 3% T X5 B4 ( P<0.05) , H
Hr e IR 2H ) 6 FR I R B B A, O R T2
FEHUYI UL (P<0.05) 5 e W5 495 41 F1 22 2% 45 By 4 3%
JiR Hp | W e Bt 3 v T R4 ( P<0.05) , TE K
JE (58 25~30 K) , M W50ky 41 Fn 22 2= SR U 4 2%
PR Hp = Y 5 s e e FY G v R T T v R AE R
FESS 30 Kk El i KM, HiX 2 41 A9 = H 05| mk ik
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JERE R TXIRA (P<0.05) s 22 2 S UYL AN MG I A50B) B0 22 = S By 189 25 g ik 26 PR B aed 7 v
W51y + 22 2 $ W) 21 2 DR rb 0| Wk B 2 TN MR = Y R IR Y 7 A T 5 S 0 A 451
M2 (P<0.05) o LIREERUEH BRI, 5 22 22 3R U I 2 [ A0 21 R A 19 2o 7 g 1o A = Y
MES N 22 22 S CY SO B0 LA K —F RS I m Yy BRIy A
A R AR 2 PR i T 3 i v % WY M 1) 7 2, HL B O

®5 AKBBREBNDELEHGERER pH 2

Table 5 Changes of pH and volatile fatty acid concentrations during fermentation of

fecal-urine mixture for growing pigs

i H 211 53] KR} [A] Fermentation time/d
Items Groups 5 10 15 20 25 30
% 1 Control 9.58¢ 13.58° 13.19° 12.40* 13.14° 12.09*
Va7 M 15 %3 Earthworm powder 11.58° 13.64° 11.74° 11.68® 12.62° 13.31°
Acetic  acid/ 222 P Yucca extract 8.12¢ 9.49° 10.39¢ 10.43° 8.98¢ 7.96°
(mg/mL) IR + 22 22 BEERY)
A SR 10.32° 7.92¢ 9.94° 10.31° 10.51° 11.21°
Earthworm powder+yucca extract
N *f 1 Control 2.21° 2.64° 2.48* 2.36" 2.40* 2.40°
[L: 851 %3 Earthworm powder 2.38° 2.36° 2.27° 2.33° 2.41* 2.77"
Propion;
ropionic N . . 3
acicpv 222 JHUY) Yucca extract 1.70¢ 1.71° 1.76¢ 1.99° 1.70° 1.56¢
e R+ 22 2% R . .
(mg/mL) il eI 1.26° 1.58° 2.03° 1.99° 2.03° 2.18°
Earthworm powder+yucca extract
%8 Control 2.99* 3.00° 2.60° 2.93° 2.86" 3.51°
T W58 Earthworm powder 2.72° 3.58" 3.18° 2.80° 2.84¢ 2.67°
Butyric acid/ 22 =LY Yucca extract 1.64° 1.80° 1.73¢ 1.96° 1.52° 1.62°¢
(mg/mL) T W]+ 22 2%
il 22 ZHRIY) 1.36° 1.23¢ 1.82¢ 1.67¢ 1.66° 1.84¢
Earthworm powder+yucca extract
X 8 Control 0.64" 0.41* 0.64" 0.64" 0.55° 0.32°
aiA Wi W51 ky Barthworm powder 0.60" 0.44* 0.33¢ 0.37¢ 0.36" 0.47*
Valeric acid/ 22 22 PRI Yucca extract 0.53° 0.54* 0.36° 0.37¢ 0.32° 0.32°
(mg/mL) W 1) By 4+ 24 2% B
i+ £ 2 R 0.62° 0.17° 0.48° 0.44° 0.36" 0.22°
Earthworm powder+yucca extract
T X B Control 1.16 1.01° 1.09° 1.12° 0.79° 0.91°
IR e 54y Earthworm powder 1.19° 1.23° 0.92¢ 1.25% 1.38° 1.58*
Isovaleric g . . . b . b
acid/ 22 22 PLIUY) Yucca extract 1.26 1.57 1.53° 1.15 1.45 1.41
e Ay + 22 2% 4R ‘
(mg/mL) i1 = 1.09° 0.77¢ 0.92° 1.41° 1.03° 1.16°
Earthworm powder+yucca extract
XJ F& Control 7.40° 6.10¢ 7.00° 8.00 7.40° 7.20
i 1545 Earthworm powder 7.40° 6.27° 7.10° 7.57 7.20° 7.20
pH 222 JHUY) Yucca extract 7.40° 7.03° 7.40° 7.80 7.10° 7.10
e B+ 22 % $E . )
i1 L) 7.10° 7.03° 7.10° 7.70 7.20° 7.10

Earthworm powder+yucca extract

2.6 MEEIM ZZREMMERBERELBERE GBI IFEE 10 RSB &, 76 R & R
S RFUSRENIT (], 2516 4 26 PR v A S0 B 3 2 5 IR T X

HIZE 7 [ FE R ), AR L 2R R MRZH(P<0.05) , DU S50k + 22 2= $2 U 41 e IR, IF
A AR B BT JFAES 20~25 RN TER AT (56 5~ 10 X) B9 D[R 00 8 3% (P<
B 2R P HE W R BETH &5 0.05) , fERBERTHIAT R4 (55 5~20 X)) , %145
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AR PR AR T X IRAL, HAE R EESS 10 K BEASRBEIA R), BRp0 S 0 22 % $12 B ) 5 iz 5] 495 2

3RS HXF A 2 YR B B EK T (P< BEMARIEIR & B 72 b i & SRR AL & i 77 2k

0.05) s TELTEG W (5 25~30 K) &S HIEIR P Z3FBCE TSI P[] BRSO AN 2 2
KWELEFARE(P>0.05) , FREE R 7

F6 ERBIERKEBHEIX AR, GRS = REBGIRKREETL

Table 6 Changes of p-cresol, indole and 3-methylindole concentrations during fermentation of

fecal-urine mixture for growing pigs mg/mL
Wi g 5 K FZH A Fermentation time/d
Items Groups 5 10 15 20 25 30
X+ H8 Control 473.07*  412.11*  446.21*  411.97*  430.77" 425.90
S e 151 % Earthworm powder 314.20° 274.73°  244.02°  301.70°  374.64° 404.13
pecresol 2222 $L B Yucca extract 429.57°  382.22°  375.50"°  363.88"  437.88° 438.54
e ARy + 22 % 48 ) )
il ) 344.04°  258.26"  313.74°  326.76"°  371.73" 369.33
Earthworm powder+yucca extract
X # Control 61.83" 36.44" 34.61° 36.61°¢ 35.03¢ 27.96°¢
_ e 151 %3 Earthworm powder 102.05° 72.58" 53.30° 40.28° 35.45° 24.80°
Ind)okle 22 22 I Yucca extract 93.50° 78.98* 57.75° 63.46" 71.25% 46.74*
e Ay + 22 % . .
i R 15.48¢ 39.23° 36.42° 38.17° 44.37° 32.29°
Earthworm powder+yucca extract
*F 18 Control 80.47* 75.14* 71.86" 60.22* 54.66" 52.78°
= P L 0| 17 15[ 45 Earthworm powder 61.21° 69.49* 46.24¢ 40.47° 45.78" 69.84*
3-methylin- 22 23R Yucca extract 49.37° 69.28" 36.58¢ 38.00° 45.58" 76.01°
dole e 18Ky 4+ 22 22 $EELY)
i+ 22 2RI 44.37° 45.07° 51.14° 30.80° 30.54° 45.19°
Earthworm powder+yucca extract
x7 EKBERBAVEABHASSTIRUSRETH
Table 7 Changes of ammonia and hydrogen sulfide concentrations during fermentation of
fecal-urine mixture for growing pigs mg/m’
s 415 K FEt A Fermentation time/d
Items Groups 5 10 15 20 25 30
%I ® Control 561.66* 1 771.00° 1 270.06° 1 776.06*° 1 786.18* 759.00*
WAL E e 8543 Earthworm powder 207.46" 161.92° 73.37° 278.81"°  260.59" 327.38"
Hydrogen 2222 LB Yucca extract 121.44° 223.15°  182.16°  256.04°  271.72°  227.70°
sulfide W M| + 2 2% 4
Il 22 2 SE L) 48.07¢ 73.37  141.68"  258.57"  275.77" 184.69°
Earthworm powder+yucca extract
%8 Control 24.04° 41.75° 10.88* 27.83° 11.13 12.90
s W45 %y Barthworm powder 22.77* 18.98° 8.35" 15.94° 10.12 10.88
D ) 22 22 3 Yucca extract 18.22° 20.24° 5.31° 11.39° 10.37 10.12
Ammonia 5 424 % ST
+ p—
T 8.86" 21.51° 7.08° 12.14° 11.64 9.87

Earthworm powder+yucca extract
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Effects of Earthworm Powder and Yucca Extract on Growth Performance,
Nutrient Digestion and Metabolism, and Emissions of Repugnant
Substances and Harmful Gases during Fermentation of Fecal-Urine
Mixture for Growing Pigs

PU Shihua'? LONG Dingbiao'** LIU Zuohua'®~ ZHU Jiaming'* JIAN Yue'?
ZENG Yaqgiong'®> WANG Ying®
(1. Chongqing Academy of Animal Science, Chongging 402460, China; 2. Scientific Observation and Experiment Station of
Livestock Equipment Engineering in Southwest, Ministry of Agriculture, Chongqging 402460, China;
3. College of Animal Sciences, Southwest University, Chongging 402460, China)

Abstract. This experiment was conducted to investigate the effects of earthworm powder and yucca extract on
growth performance, nutrient digestion and metabolism, and emissions of repugnant substances and harmful
gases during fermentation of fecal-urine mixture for growing pigs. A double-factor design was adopted in this
experiment. Fifty-six healthy DurocxLandracex Yorkshire ( DLY ) pigs with the body weight of 30 to 35 kg
were selected and allocated to 4 groups with 14 replicates per group and 1 pig per replicate according to the
principle of similar weight and consistent gender. A basal diet was the diet of control group, and the diet of
earthworm powder group, yucca extract group, and earthworm powder + yucca extract group was adding
0.500% earthworm powder, 0.012% yucca extract and 0.500% earthworm powder+0.012% yucca extract into
the basal diet, respectively. The experiment lasted for 80 days. The results showed as follows: 1) compared
with the control group, the feed/gain of growing pigs was significantly reduced by individually adding yucca
extract ( P<0.05), and the apparent digestibility of crude protein and the apparent metabolic rate of crude pro-
tein were significantly improved by simultaneously adding earthworm and yucca extract into the diets ( P<
0.05). 2) In the anaerobic fermentation process, individually adding yucca extract could significantly increase
the organic matter content in fecal-urine mixture, and improve the carbon/nitrogen ( C/N) to 16 in the fecal-u-
rine mixture, and promote the gas production of feces. 3) Compared with the control group, individually
adding earthworm powder and yucca extract could significantly reduce the concentration of 3-methyindole, am-
monia and hydrogen sulfide ( P<0.05). When those two additives combined used that had a synergistic promo-
ting effect on reducing the production of volatile fatty acids, repugnant substances and odorous gases in the fe-
cal-urine mixture during fermentation. In conclusion, yucca extract and earthworm powder combined used in
the diet can promote the digestion and absorption of protein, and reduce the emissions of volatile fatty acids,
repugnant substances and harmful gases during fermentation of fecal-urine mixture for growing pigs, which can
be used as feed additives to reduce the emission of fecal pollutants from the source, the discharge of fecal pol-
lutants at the source, and is of great significance to strengthen the management of livestock environment and re-
lieve the pressure of livestock manure resource treatment. [ Chinese Journal of Animal Nutrition, 2021, 33
(4):2321-2334 ]

Key words: earthworm powder; yucca extract; growth performance; volatile fatty acids; anaerobic fermenta-
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