A BGPTSR e R 1 L 7
BB ZRBRAE 2 R FWW Zhaa BAY OKBFL OB OBk UK
o REC
(LAERG RNV KRR, [ M 5106422, 230 LR K R AR A, 15/
464000; 3.idbm AR AR AR, 2B 430000)

B ARES B TRV R A I RS 5 IR AR R L WS R I 07 AR T AL
e (SDGE) AMRHIAE (MED , 435l R 5 A AVE R A 0k CHEZS SR e
ZRRW]: 1 RS T R AR U R ATUE B R 20 il 9 85.63%. 18.43%. 1.49%
F10.21%, 3558 FACT KRB AR 89.15%. 24.75%. 2.37%#F1 0.38% (P<0.05) ; [
o bRLIS 7 AHLET 28 2 B2 ) 4.64%F1 24.15%, 5% & T R AT 3.61%F!
15.50% (P<0.05) . 2) 9. &, #&X} ¥ SDGE 4 %24 11.15. 11.54 1 10.02 MJ/Kkg,
B BT R R 11.86. 12.23 A1 10.78 MJ/kg (P<0.05) . 3) HEBkA UM (5 75 bt
MRMACHHE (AME) 4 10.42 M/kg, EARHBE (TME) 5 11.29 MJ/kg, ReERMFIH R
N 55.01%, HEEETHLAE (AME N 8.13 MJ/kg, TME & 9.39 MJ/kg, fit&ERWAIH
HON 44.79%) FIDY )% (AME A 8.20 MJ/kg, TME 4 9.16 MJ/kg, ASEZIAIHE N
4391%) (P<0.05) ; TATTEANS. PEBKAS RS, IU)I (A RE%H R BE (TR AME. TME.
R RA R A e BRI R 25 (P>0.05) o BRI, AT A T RE o R 25
FUR . BB R T AR, ML BT A XS, MY, RO R I RE ) SDGE
BT AR MR TS R ME AT ARS . T AR A EATS . kS
IS, U1 RG0S R R Y ME UG 2 57

RERW]: PR, ORIEETORE: XY B R EfEne; REE

RS, s816.11 SCHERBR VA . LY

Wk H . 2017-01-02

HEETHE: AWNATWRFIED (201303143) 5 B FKIACK AR R K& PV EARAK R
(nycytx-45-09) ; HH L S EUNES B BE 4 (20134404120024)

MEHERFA: B B (1991 , 2, Wi EHP N, WAL, SEFESAREEE . E-mail:
510720058 @qq.com

BEMEE: Wk, #d%, AT, E-mail: ylin898@126.com; FCK, M, Wit ST, E-mail:
wangwence@scau.edu.cn; 4 &3¢, i, E-mail: 408034085@gg.com
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FREGR A & A PR — KE, (EIRE R} BT Gk r) 8 28 ™ 5, RN
JF 5 AL R ) 2 AR P I R AR RO AR 2 — R Gt I AR E RS A 7 244 2 000
Jit, fEEFEE, HDNIHSH R I EORRE oK 2~3 R E R, & B NARR
B B AR R F o 7 AR TR T 10%~ 15961109k K T4 (DDGS) 14, Py
SR AT 10% PAPY ) RS, PSS TAPRR R A A 109% BA Y A R KRS, {5
R R AT 4 S e, AR I, S LA . BRI, RIEIn T iR
WREIO TR FANE, RS R 1 5T 2 B B R 3R w8, e A O R S R 1
i B mik 22%0, HE SRR, BEREE Y. AR WA, DhRErEEE R, SR 2 A
Al PR R (1000, i L B S RS AR BE (metabolizable energy,ME) 53 7 #5012, (H
H AT SS T F R AT AR B RS K SR S BOL LUk =, BAS RIS & bRk R k) ag & A
FH BRI Fe i R WA . PRI, AR I8 07 AR T AT A AE D 2R e E XS . G R PR
MUR I PR AT R, IR & XS 2 Ak s Rt REE A 22, BAE 5 RS
REEFRERE, bR rh R E R R I S IR IR S %
1 MRS
11 itk
111 FEmMELS B

FRE L A PR D b R AR R A PR A W) CR IR A R B A PR
AN I 450 0.3% R I BETE 48%~50%7K 53 25~50 C T K% 48~72 h J5 13 21 K% 11
i DI
1.1.2 R A TS G i B T )

B B R PRI —E & B B AR (Sigma P7000) , FpH 2.01) SRS AR,
SE A F250 mLA R, AR E & A RIKE N1 475 UmL.

B AR A BC ] 39 RS RIRGZL I I 2 1 85 (Amresco 0458) 435l 413.55. 29.92F118.34
kU, BEERIES (Amresco 0164) 73%°43.11. 10.73F13.09 kU, ¥EHifF (Sigma A3306) 434l
“4110.40. 110.437197.08 kU, J&%J.

UL B ISR R PRI #9217 g SALANL.57 gi 72 000 mLEBEAR T, Nk

TRV, E—ERE (39 405 C. 1Y 410 'C. # 415 C) TiATpHE2.0, AH)EE



#5452 000 mLAFF

B /N i B e XS 9L REAL AR A IEAN11.13, 11.04F12.79 g,
SFAL4H3.09. 2.44F15.33 g, JC/KMEER —54N40.09. 39.78/141.69 g, Jo/KMERRE —449.35.
9.71M7.47 g, HERLINI60T AL, HEBET/KIERIBFES (KA B IVE#T2 000
mLEEM 1, fE—EiRE (19405 'C. M941.0 C. #9415 C) T pHES 7 46.50. 6.52.
6.38. W &NJEE A A2 000 mLAFH .

RS BRI J5 B P EC i = XS PG FRECE 6 4410.03419.94 g, S fL4H2.7912.20
0, J/KBERR —ZN6.7TAI7.91 g, To/KIEERS —4N48.77TH147.42 9, 5% 2= 28160 75 5147,
F 2B FOKTERE B RERE (IKAD BN R % T2 000 mLBEM i, 7E—EiE (18405 C.
f941.0 'C) FiATpHE I NT.99. 7.91. A G ERZE2 000 mLiAFH .

1.1.3 fiEib IR

WIG RIS KEIB T AT 25 em /e A3 (R /INBEAE2 LIRS (AR EL S 290 R Uk Rl L
mmol/LZ, — &V 2.1 — 44 (pH 8.0) F¥ I A 2233510 min. FH Z& TR KAIEIEYE, F\pH 8.0
(1)1 mmol/L & — &Y .18 — AR 4k 2380610 mine A Al)E, 1ER 4 &Y 4R AN
W—FRAE T4 CF, A AT 25 B K3 IK .

WA R B BRSO B B S 07 A R G TR K R, Rk
RGN EE SEMBORDER T o K Ab IR LT 1B AT S0 2 B A, Wi /BRI AR R
T, BRI ZE — 2™ . AT EREREL g, AR — L5 A (RIS
HAD) HBEEE.

BB AL EHTEE PN 20 mUB B, B R TR VAL 5 — o 2R SR TN
SO R R G IR RR A, R AT R R R R 1

ARATE AL B s B — B ()5 MR AP IR T8 A 2 (AR e SR I AL 45 0,
SEXG6 h, M6 h, 56 h) , MINEEFL /N RT B REED 2 BTR ST R (. R RS, T
Frii .

TEHRE I HIEERSE (DURI R A R AR R AT A 450, e %919.5
h, 1519.5h, #§14h) , KEFBHTEE A AR TCH R HR B O T E R IR I .
BEFRILAE6S CHET R E105 C P EEE . LRI FILP AT, #BEc



FNAs S R RS IR T, FITC/K SR PR R G (o (A I R RV T R 1 B
I LA A7 B AE AT AR I RDC R 17105 °C R ML A 1E o K B0 O I 30 P 5 A A A ik i
PR it FH I 8O B A, 2 R T8 BB AR o () IR A It i B T e e D 1 BB g b o i i T
105 ClHIRAAN B EIEHE,

1.2 AWk

1.2.1 iXERARTAR R il 2

WAEATG PR AN, D)1 B3GR AR % 4 4, 55 1 A7 ) MRS A i Pl . 1
N BRI, JHENIEREER, 55 2 408 R B 300K M IR, 55 3 41
R AR B AR 30% e, 55 4 v A
122 RIshw) Lo

WFEE R ARG, RN, TUITERES 24 R, 8Pk AR B 7>
NAH, BHNER, BINEE 1RV, R RmiETET 1 MU E .

1.2.3 AR 5%

ZIRYF A HRE K AR e (true metabolizable energy, TME) ¥, F kit fifys:
MR T2 0k, RS IR ARIE . XS, e, REHEER, GER 10 d, fAmE4
AR, AN 5 d, B9, #53 d, TSRS, AN 48 h, 1536 h, £
24 h (GEATUSCERI 8] (1 2 AR A AN R & T AL TE & BE S RS N TR E 50D, JLTE] WoRk ANk
K, BT IR, B G ETE 40 g, M9, K60 g IR AA R Com AR E iR YR A
REFUREER 80% T4, LLACAAL = s i & i alge ki) , smiafs 5 hak BAEFAR,
0 SR R T S8 T ), IR (R AE AR HEMEY) (35 48 h, $536 h, #524h) o TIEH R PAT
PR, BRANIRTASL, HRERAELIAE
1.2.4  HEED SR S Ab B

SR SR USCER S T A, RN 10060 EhIR DA A, T~ 65 CHLTZ1EE, 3] 24 h,
FRE . idak, i 40 HiE, HO8EE, T4 CRAE, Fll.

1.3 MESRPRAITT %

ME SR, AR ERE R BB oKy MR, 85, B ORET4E. B RN

i ABHAL ISR RER ) HWR-15C B Pt vk Mlsg s 07 AR AR 1) s se )



HWR-15C H gt #v g 1H il
14 HEITE
FWACHIRE Capparent metabolic energy, AME, MJ/kg) = {[HBEAGIRLERE () —HEYs

fe (D JHEATRRAE () } X103
TME (MJ/kg) = {[FEAHRSEE (D —HESEE (O +RIEHEEY SRR (D) TR
M (@) ) X103

JERE AME (MJ/kg) =[JEA £ AME (MI/kg) —3:hEEL AME (MI/kg) X FERERIER &R
(1) LA/ S A VR A e v 1 B 431

JER TME (MI/kg) =[IE&E TME (MIlkg) — 2kl TME (MI/kg) X JEERICRIE IR & K b
(1) LA/ SR VR A e v R B 431

{424k Efg (simulative digestion of gross energy, SDGE, MJ/kg) =[FlfiEfE (M) —4%
BEEE (M) VAR E (kg) ;

i BB AL Z (simulative digestibility of gross energy, SYGE, %) =[{afi&fe (MJ) —

BRI EAE (MY VR E (kg) XGEHREEE (MJ) 1X100.

15 Hdmaba

A2 Excel 2007 FEHAMHI LA H IS, KH] SPSS 19.0 St X XS, MG, & 3 Fzh4)
6] (R B AT LR R T 2400 (one-way ANOVA) , FfiE4T Duncan [GvE 2 E LR, 1 I
FE ORI PRS2 FhiaDeL JEURHE] BB BEAT AL RS, Giit B3 K-F N P<<0.05, i
I a5 R R IR R R .
2 4 R
2.1 EPRE. R EIRE R E SRR

MR 1 P, KBRS WS RO S BA R S T A, Hdh Bl
TR HEE R K> BSR40y 85.63%. 18.43%. 1.49%. 0.21%, &
FIRTRBEATERE ) 89.15%. 24.75%. 2.37%- 0.38% (P<0.05) ; [P R fAH AR 7 -
FHEFYEE 877909 4.64%. 24.15%, Y1535 TR FEHE P ) 3.61%. 15.50% (P<0.05) .

®1OAWRE. REEEREEE SRR SR CPYREAD

Table 1 Nutrient contents of distiller’s grains and fermented distiller’s grains (DM basis)

TiH ltems FiE R Distiller’s grains K IEHEHE Fermented distiller’s grains
T4 DM/% 85.6340.092 89.1540.13°
=88 GE/(MJ/Kg) 18.9940.03 19.5140.13

HEER CPI% 18.4340.192 24.7540.34P




HHARNT EE/%
KA Ashi%
5 Cal%
B TP/%

ML CFI%

4.640.11°

1.4940.112

0.3640.01

0.21+49.012

24.1540.26°

3.6140.11°

2.3740.18°

0.3840.01

0.3840.01°

15.5040.492

FATHUR R AR AN R NS FRFRORE R B (P<0.05) .

In the same row, values with different small letter superscripts mean significant difference (P<<0.05).

2.2 W5, WG, REXT RS R PR O 2R T AL S

2 s, 9. 19, R9xh 2 fE R SDGE A BEER (P<0.05) , HIEHES 5

IR PR 5 PR AIS T 5.98%. 5.64%. 7.05%. X%, M. REXF I R A A B PSR ) SDGE.

I SYGE #)2&55, MR &S T# (P<0.05) .

F2 3G, NG, RO, KB AR SDGE F1 SYGE 1 ELEE

Table 2 Comparison of SDGE and SYGE of distiller’s grains and fermented distiller’s grains of

cocks, ducks and geese

TiH Items J7k} Material 35 Cocks 1S Ducks Y Geese
SRTY
11.1540.154b 11.5440.10A0 10.0240.228b
i AL S RE Distiller’s grains
SDGE/(MJ/kg) R T
11.8640.15%2 12.2340.102 10.7840.11B2
Fermented distiller’s grains
SRTY
{5 S RETEAL 58.7240.77A 60.7940.514 52.78+1.188
Distiller’s grains
g AS N
SYGE/% 60.8240.767 62.69=40.52Aa 55.2540.548

Fermented distiller’s grains

FAT BB bR AR RS FRFRR 2R B3 (P<0.05) , MFRKEFERREZRAEE (P>0.05) .

B HEIEBIRA R NG FRERIREREE (P<0.05) , HENSFHERERAEE (P>005) . &

.



In the same row, values with different capital letter superscripts mean significant difference (P<<0.05), while
with the same capital letter superscripts mean no significant difference (P>0.05). In the same column, values with
different small letter superscripts mean significant difference (P<<0.05 ), while with the same small letter

superscripts mean no significant difference (P>0.05). The same as bellow.

2.3 WIEARG. PERRAT PR DU RS R Ol R A

M3 3 s, BIEAXSX B, KB EWREK AME. TME. BEERUAMZER. fEE
HAHFEARZEZSR (P<0.05) , FFREZ ) LA I FPRE RS T 20.29%. 18.06%. 16.63%
1 14.70%:; THEBEA PIRSATDY )1 KGR IR . R I8% 1 IRETK) AMEL TME. g &R UF H
F,REEEMAHRNILEZEZR (P>0.05) o WA, R AR, P01 E R PR )
AME. TME. fesFRMA ARG ARG S T E . U)IERS (P<0.05) ;
MAEAXG . PERER NG, D)1 EREX A BE F R AME. TME. e R WA %, jtE
HAM AL REZER (P>0.05) .

T3 OMEAXG, PERRA R, DY E RSN R R PR ME K fg BRI SR LU
Table 3  Comparison of ME, energy available of distiller’s grains and fermented distiller’s

grains of Xinghua cocks, Cherry Valley ducks and Sichuan white geese

A JERH AAEATY PEBRAT PG MPNISE ]
Items Material Xinghua cocks Cherry Valley ducks Sichuan white geese
ST
8.1340.358P 10.4249.654 8.2040.868
LA H e Distiller’s grains
AME/(MJ/kg) R P
10.2040.182 10.6640.40 10.10240.59

Fermented distiller’s grains

SRY
9.3940.358b 11.29+40.654 9.1640.868
FARTRE Distiller’s grains
TME/(MJ/kg) IR R
11.4640.182 11.5340.40 11.0640.59

Fermented distiller’s grains

Re R MA H = &= By 44.79-+1.888b 55.0143.46A 43.91+4.688




Energy apparent Distiller’s grains

available/% oA AS i
53.7341.202 53.7242.08 51.3843.13
Fermented distiller’s grains
(ERTpEL
At B HLF % 51.60+1.88" 59.6443.46 49.08+4.68
Distiller’s grains
Energy true
R TR
available/% 60.49+1.202 58.16+2.08 56.3343.13
Fermented distiller’s grains
3 W w

3.1 EERE. R IR RE IR

RGO TR I, PR R I 5 40 PR 2 1 5 25 870l B A R T 1 PR 2 ey
2.80%71 50.90%, 43 HiAF] 95.31%F1 23.20%. A1 KAWL, IR & S R
JR Bk 32.00%, HILF4ES B4R T 17.66%. W AR ERIE AT, 5. Mo REETT
i, AR B R PRI, ARIGEE RS LRI AT R4 R — 3, AR KIS T
TEEERE, FAHRERTR, FMAFRE, HEAR. SBERRERE, IRy
BERR. JRET AR, BAEE T 5w B A R R BT R 202, i R AL AR R
AR IR E A, WREAEAR S E. BT AR RalEHE KA
FEURET B R IR JEORh G, BRI SRR RO RN L oA AR T S AN R T R
AN, AR T2 RS TR s AN R4, i USSR 45 53 5 /i A0 Fe 4k
TR BRSPS E TR AN e e ], E R BRI R AL B S S TR O AT 2
Tt
3.2 XY, WG ROXFEERE . R ORS00 AR T AL e

SDGE 2#h¥fie & i B & 1ARLE FRMEE I E IR bR . A PP IR I, Ak
SDGE X 3| [ AASMEY) % TME 25K . I RY FHEEIEXS X 10 MR AAIRE S A1 10 AN SRAFE i
H 5 A AR I, RIUT SDGE &S0k TME A B m IR AN 7 HE 2, irbA
SDGE " FMAEY) 2% TME. RIS R E R, HEAEKEE, 8. 15, KK
SDGE 4% Tt m. BT EERIX T H I AL, (HAEY) S S Fu gt RIE D T
X, PR T 4K llm, Shx R ME BIKE7; 7E DDGS i = &5 TME 15

il

pei

il

il



BT IR AR ZHE (NSP) BErT LIS s /N oK. TR ZEAR0 3G 1) MER-30T,
FAARIGER T R, 3G MO 2 FhERNY SDGE ¥ 2w T8, 5N AT Rt 0 AR T A0iE
KT HEHIBAE A 5635 o
3.3 HAEAXG. PEBRAR NG, DU RGNS PR . R R A

ME 72 Z 80 e B 7 2R W FEAN I RL S IR OB Y E (K L EHR bx, 2 00K B 1 PP 22 Tk}
(¥ ME RJ AEALIARHAC 7 o Cherbut SEBUREFCA B, R P o s L 2T 45 B 32
BBEAEH B TP B I R, IR R 7870 AT FEAG T R T AR . R MR AR D
Wy e se)a, MEEs BREG HERFUSTER S, O ME R 211G, X554
IS R IE A XSS R AME. TME. BEERUFI A, BEE HAI R 2 Z 0T AR
FHRE 2. AAMARRIREU R B, RS AT, DU 8%t 2 FJs kG AME. TME. fiE
ERWAAER, feE AR E 25, BN RESE TR, EM, B8R TRER,
RS, R h =F AL SVRIEA P 220, SRR . YRR
THACTEH ZAGE R A A AL PR TT TN ] o BELLFEARE ORI, BTG 10 i 956 LU i 4
B NLIA = EERS A8 HO ARG XS 8 IRV R (M A A 22 5% SHAE NEBCIR DL R 2 PR
BAE IRV IR, TREXT AN R EEAR A LS IR REXT Ky SEFFHIA TME IR T-X
B8, 505 A A IS 45 RAH LA, PRk A PRI DU )11 9850 TR L A e R o8 F
BEZEFNEE A VIEEEE RO, WER AR, MR T A Y
VU1 RSB B RS ) AR R R o A PR JOR R PR R 7 1) JBR P B 250 v e s sh et 4
FERIA A

RAREEBIEFORI, TXS 18 FHE IR TME KE7r RTINS o it H I 45 1)
WETERBL, HExT 21 Mk AME KR T3 2 ANEEEOIE TER B, XOANRE X N2k 1
AME FAME. L ESERESARIGSE R —8, AEAXS. AN, 1)1 E R H
PFER) AME. TME. ReRRMA M RABEER, BRERSANGEZ s TAEAE. 1Y
MEARG. SRR RER, HIEAXG . RGP0 R0 AR IS AME.
TME. feREUAMAR., sEEAAMARYLEZEZSR, DOl T 0B EARKRLER, JHHE—
Jrm AT ReA DU N ARGV B BRI, BRI, RTBA R 0 A IR A AT 4
J7 I F] RE R AL S 21 4 R AL RO LA B o3 R, 0 07 25 A AR RE A rh sk 23X
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@R M, XA IR 1 SDGE i T F1I MY -
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Comparison on Energy Available in Distiller’s Grains and Fermented Distiller’s Grains of Cocks,
Ducks and Geese

TIAN Lu! LI Xiaocun? ZHOU Dingfang® LI Miaomiao® LI Mengmeng® ZHAI



Shuangshuang® ZHANG Xiufen® YANG Lin* WANG Wence!* ZHU Yongwen'*
(1. College of Animal Science, South China Agriculture University, Guangzhou 510642, China; 2.
Henan Huaying Agriculture development Co., Ltd., Xinyang 464000, China; 3. Hubei High

Biological Technology Co., Ltd., Wuhan 430000, China)

Abstract: This experiment was conducted to study the nutrient contents in distiller’s grains and
fermented distiller’s grains, and determined the simulative digestion of gross energy (SDGE) and
metabolizable energy (ME) of distiller’s grains and fermented distiller’s grains of cocks, ducks
and geese used simulated digestion method and biological method (emptying and gavage) . The
results showed as follows: 1) the contents of dry matter (85.63%), crude protein  (18.43%) , ash

(1.49%) and total phosphorus (1.49%) in distiller’s grains were significantly lower than the
contents of dry matter (89.15%), crude protein (24.75%) , ash (2.37%) and total phosphorus

(0.38%) in fermented distiller’s grains (P<0.05). The contents of crude fat and crude fiber in
distiller’s grains were 4.64% and 24.15%, respectively, which were significantly higher than the
contents of crude fat (3.61%) and crude fiber (15.50%) in fermented distiller’s grains (P<0.05). 2)
The SDGE of distiller’s grains in cocks, ducks and geese were 11.15, 11.54 and 10.02 MJ/kg,
respectively, which were significantly lower than the SDGE of fermented distiller’s grains in
cocks (11.86 MJ/kg), ducks (12.23 MJ/kg) and geese (10.78 MJ/kg) (P<0.05) . 3) The apparent
metabolizable energy (AME) was 10.42 MJ/kg, the true metabolizable energy (TME) was 11.29
MJ/Kg, the energy apparent available was 55.01% of distiller’s grains in Cherry Valley ducks,
which were significantly higher than the AME (8.13 MJ/kg), TME (9.39 MJ/kg), energy apparent
available (43.91%) of distiller’s grains in Xinghua cocks and the AME (8.20 MJ/kg), TME (9.16
MJ/kg), energy apparent available (44.79%) of distiller’s grains in Sichuan white geese (P<0.05) .
The AME, TME, energy apparent available and energy true available of fermented distiller’s
grains in Cherry Valley ducks, Xinghua cocks and Sichuan white geese were no significantly
differences (P>0.05) . In conclusion, the contents of crude protein and total phosphorus in
fermented distiller’s grains are higher than those in distiller’s grains, and the crude fiber content is
lower than that in distiller’s grains. The SDGE of fermented distiller’s grains in cocks, ducks and
geese is higher than that of distiller’s grains. The ME of distiller’s grains in Cherry Valley ducks is
higher than that of distiller’s grains in Xinghua cocks and Sichuan white geese. The ME of
fermented distiller’s grains is no effect in Cherry Valley ducks, Xinghua cocks and Sichuan white
geese.

Key words: distiller’s grains; fermented distiller’s grains; cocks; ducks; goose; SDGE; ME
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