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Table 1 Diets and metabolism chamber allocation

3 R % Metabolic chambers
Periods A B D E F
1 I I I I\ \Y% Vi
2 I 1| v v V I
3 | v \% VI I I
4 v v VI 1 I i1
5 \Y% VI I I Il| v
6 VI I I 1| v \Y%
I g dEmtap, 0~ VI ik e
I was a basal diet, I to VI were test diets.
1.2 KXIE{AR 4% 2
SIS T AR R 1 A S Al 4] AR D 5 3k 55 1) WiH It S Cont
B BRLLE 65 °C 4 P T HLBER TERURL, SRR e
LS .l R . T S =+ L‘ DL-E %% DL-methionine 0.03
fit il 2 IR Ross 308 P& 35 75 B hn e, H2H Bl JE#% Choline 0.08
BRI F 2, 5 1R R R 1 I SR A A DA Bk Premix" 0.50
25% He I ACIE AR AR, BORITAE AL 3 5 Fh, Hirp 3 711 Total 100.00
Flvify K2 KM 53 9K 1 PRI IR A R 7 R B KF Nutsient levels”
i B PERL = R TSP AT e ) g2 TOME ME/ (M) 1278
e e e e o e g - HAE GE/(MI/kg) 15.77
P2l SOk 4 ok A RO VL IR R G FR 2 &) A ML 1/ CP 91 79
jE‘leé\ IEH%YFHHH&%O ﬁ%fﬂ*ﬁ%é&im@ﬂ%ﬁz %rg Ca 0.99
TR B2 B PR /NS RE G R RE R B R A A% AP 0.46
e AR 3 IR R AL N A FR KDL 4, EAM Met 0.46
MR Lys 1.31

®2 EmMARARKREFRKE(XFERM)
Table 2 Composition and nutrient levels of

the basal diet ( air-dry basis) %

I H Items & Content

JEUB} Ingredients

TE K Corn 58.41
EtH Soybean meal 26.11
Ji% £ H Casein 6.50
il Soybean oil 4.60
WM =45 CaHPO, 2.11
A # Limestone 1.36
£I#h NaCl 0.30

VW RE N AT 5 A AR R I The premix provided the
following per kilogram of the diet: VA 12 500 IU, VD,
3 500 IU, VE 20 IU, VK, 3 mg, VB, 0.01 mg, VB, 8.00 mg,
VB, 4.5 mg,VB,, 0.02 mg, M nicotinic acid 34 mg,{Z ik
pantothenic acid 12 mg, "R folic acid 0.5 mg, 424 & biotin
0.2 mg,Fe 80 mg,Cu 8 mg,Zn 80 mg,Mn 80 mg,I 0.7 mg,
Se 0.3 mg,

*HLEE PO RE R SE DN, HoAb it qH ., CP and
GE were measured values, while the others were calculated

values.

1.3 {HAFEE
IEXY 1 3] 20 H W TE M LBl B & 1
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8 Wes WAL LA R R LA S BL B s A, <
TR T AR BRSO i A% Bk 2 DL B R e
s AP Toae . W A AR B AL Ik o Ak
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ments A A, K H ), e A AR B AL AR R

2T AN AL JE& AR ( AGM 10, Sensors Europe GmbH 22
A LEE) , ZmERELA 6 MU E, R EHE
AR 7 BRI B AR R 1 D R O I B R A A
R 0.43 m® A= R A IRoKRE 25 R
W AR 2% B DL SR B8 v ik BRI A I A
TAERATT, B SR 4 4 il 430 4 BR300 O 2 3K 3
SR A AL A R AR B, RO 1 b s A
= (A B .C.D .E F) #SEF T EHRRE, A
Y 96 PR U R RT H AT R E . B SR AR
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®3 EHHEREAERESSE(XNTEAM)

Table 3 Conventional nutrient contents of soybean meal samples ( air-dry basis)

I H W T G AR WG 3 R 4 P AR
Items Regular SBM 1 Regular SBM 2 Regular SBM 3  Dehulled SBM 4 Dehulled SBM 5
TH 5t DM/ % 89.11 89.45 91.44 90.12 91.51
HE BT CP/% 42.12 42.98 43.41 46.67 46.97
HLIENT EE/ % 1.24 1.28 1.36 0.89 0.95
M4t CF/ % 7.00 7.21 7.92 6.51 6.88
K4y Ash/% 6.41 6.56 6.03 6.17 6.06
FAE GE/(MJ/kg) 17.49 17.28 17.35 17.53 17.58
F4 KBARERKRERKE

Table 4 Composition and nutrient levels of test diets %
i H LI T AR Test diets
Items I mm I\ A% VI
JE Bl Ingredients
LA AR Basal diet 75.00 75.00 75.00 75.00 75.00
W2 5K 1 Regular SBM 1 25.00
7 B ORI 2 Regular SBM 2 25.00
Y B2 55k 3 Regular SBM 3 25.00
% B¢ M1 4 Dehulled SBM 4 25.00
2 ¥ 5 Dehulled SBM 5 25.00
43t Total 100.00 100.00 100.00 100.00 100.00
B FEKE (S2I{E) Nutrient levels ( measured values)
T DM 89.41 89.76 89.31 89.77 89.17
BfE GE/(MI/kg) 16.23 16.21 16.18 16.11 16.26
MEHA T CP 26.21 26.96 27.23 28.27 28.95
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Open-circuit respiratory calorimetry apparatus with

6 chambers in parallel for poultry

1.5 Hitt e N &l &
W08 0 A3 58 v | g R B (09 00—10:00)
IR IRDRR , W B HORE D R SR FH 4 e 3% 2 i 4 HE itk
Y, AR E 3 d B HE YIRS —R)E, E
FHAE LA 65 CHET, Hrirad 40 H & H .
1.6 WMIEIRENEF %
F oK KA AR AT HE T B R TR LT AR
105 CHETE TY B & i, SRR I 4% R = B
FrifE 1SO9831 : 1998 HE7E 1) J7 2 , o FH 480 = £k
1X(C2000,IKA) Wl & , #H & 5T, kL AR D7 | K
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#E GB/T 6432—1994 . GB/T 6433—2006 . GB/T
6438—2007 .GB/T 6434—2006 #3719 77 B 2
1.7 HEAR
SR H(HP) 304 £ 7= # ( FHP) (kJ) = 16.175 3%
0,(L)+5.020 8xCO,(L) ;
WP AR =CO,(L)/0,(L) ;

FUMACHHE (AME , MI/kg) = (B A B fiE-
HEHE SRR ) /R B
fRFRESEA &2 (MEIL KJ) = I BECR &=

JUFRE (RE, kT) = F WAL BE - 2= i
T B ¥ BE (MI/kg) = (TR RE+ 2 B 7 4A) /

KE&E;
TLRARE i 1 LA G BE (M /kg) =
FEA AR R R WA BE— [ (LRI AR
FEAR U RE — I 50 1 R 22 UL
fRigfE) 70.25] ;
KRR Sh B BE (MY /kg) = LRI IR R4 fE—
[ (SRR H i RE -l B i AR v B ) /0257
1.8 ZFitHH
BHE A SPSS 20.0 B¢, — B2k M A 2 AR
AT, AR SR [ 5 5N, 00 80R DR 0 22 A Ry B
BLAR , AN AR Z (8] R Tukey ’ s 347 22 5
BEMEHT, P<0.05 25 8 E K,

2 HBRE5HH
21 AEARMAEBERKERIMBN LSRN
=AU

e 5 AL, S5 HERL DR ( 1) 4UA L, 380 1)
MO~ VD) 50 X8 97 2 B Y R &
L OEARBERARE(P>0.05), R HRAH
A4 G AR B 25 R B3 (P>0.05) o 25 5% B
HECV VD) 2R LG B2 3 i T SE At AR 4 (P <
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x5 AEARINAIGGERKERENEN SN
Table 5 Effects of different diets on growth performance and GE intake of test chickens (n=6)
i H T # Diets Pl
Items I i 1l v Vv Vi SEM P-value
Y # IBW/kg 1.36 1.29 1.26 1.28 1.32 1.28 0.02 0.36
KT FBW/kg 1.61 1.56 1.54 1.54 1.58 1.55 0.01 0.19
F-HAE ABW/ kg 1.43 1.42 1.40 1.41 1.45 1.41 0.02 0.16
F-HHE ADG/(g/d) 82.03 86.41 84.12 84.22 86.01 86.87 0.34 0.07
TY ik = DML/ (g/d) 125.1 122.12 122.61 121.35  120.91  120.45 3.11 0.08
BIEL F/G 1.53° 1.41* 1.46® 1.44*®  1.40° 1.38°  0.32 0.03
& AL BE GE intake/ (MJ/kg) 8.36 8.30 8.32 8.22 8.15 8.22 0.34 0.13

[ AT 8 A AR AN [Rl/ING TR OR 22 53 135 (P<0.05) AR BE T BERR 22 5 AN .3 (P>0.05) . TR,
In the same row, values with different small 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.
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2.2 A [E AR 3K I8 Y8 B O 4K 15 A0 e B RIS THEH B PF R S R R R B R R
Va7 3: 0020 (P<0.05) , 50 1A K 21 2 (8] 7E L 3AR 45 101 48 b5 o [A)
FH 2% 6 AT UL, 5 JE Al ] AR 20 AR Eb | 38 56 10 AR 40 FEARFH M BE 25 (P>0.05)
Tt A KR e R e e FE | . Ak
%6 TR B RO PR % 180 4 £ 1517 T B B

Table 6 Effects of different diets on respiratory metabolism and fasting metabolism heat production of test chickens

iH A # Diets Pl
SEM

Items I I m I\l Vv Vi P-value
RAR 38.05 38.83 39.94 39.91 38.41 40.04 0.18 0.32
0, consumption/(L/d - BW’™) o o . . o : ’ "
i 37.58 39.82 40.36 38.87 39.93 40.27 2.97 0.36
CO, production/(L/d - BW*™) ' ’ ' ' ’ ’ ’ ’
I % RQ 0.99 1.02 1.01 0.99 1.02 1.01  <0.01 0.45
FEH

o0 722.91  730.70 731.23 731.60  731.81  736.61 5.29 0.08
HP/[ kI/ (kg BW"™ - d) ]
4 )
’ﬁéﬁgi 1.19 1.18 1.17 1.20 1.19 1.19 0.01 0.13
Fasting BW/kg
2 B FEAE
Fasting O, consumption/ 22.00 22.04 21.94 22.07 22.15 21.92 0.21 0.66
(L/d - BW0.70)
25 — AR HE
Fasting CO, production/ 18.24 18.21 18.56 18.00 18.21 18.44 0.16 0.73
(L/d . BW‘).ﬂ))
2o £ I 435
ﬁé\. i 0.81 0.82 0.81 0.82 0.81 0.82 <0.01 0.19
Fasting RQ
2B A

. 451.30  452.00  452.00  451.5  452.00 451.40  0.89  0.12
FHP/[ kJ/ (kg - BW"™ - d]

2.3 AERR IR G B B A B R0 0.05) , F:fili fa] 1R 26 5 056 1) 4R 20 A1 L, ¥ e /1R
HIZE 7 Al DL SEAh AR ALY R ULACHRE AUl B R AR E (P>0.05)
RESEA B DUARRE AT RE 25 i TR I AR 41 ( P<
R7T AREERIIXIEIGEEE KGRI

Table 7 Effects of different diets on energy metabolism of test chickens

i H A # Diets P (i
SEM :

Items I I m v Vv Vi P-value
FMACIHE AME/ (MJ/kg) 12.90*°  12.10° 12.10° 12.02° 12.26°  12.29"  0.06 <0.01
RIFBEREA &=

} 1.27° 1.15° 1.17° 1.15° 1.16° 1.17° 0.02 <0.01
AMEi/[ MJ/ (kg BW*™ . d)
PUFLAE RE/[ M1/ (kg BW*™ - d) 543.12°  424.22°  437.12°  417.30° 427.00° 433.80° 3.88 <0.01
%HE NE/(MJ/kg) 9.60* 8.63" 8.66° 8.57" 8.71° 8.78° 0.45 <0.01
i/ CiBHBE NE/AME 0.74 0.71 0.72 0.71 0.70 0.71  <0.01 0.21
24 AREEMEEEMEEHFLIE FRE/ R BRI 22 R AN B35 (P>0.05) ,

H12 7 Al DL AR SO A R ULCBERE L BE
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Table 8 Different soybean meal energy values and energy conversion efficiency

Wi H WM PR A 2 G AR ] KT 4 E AR ) P
A Regular Regular Regular Dehulled Dehulled SEM
Items P-value
SBM 1 SBM 2 SBM 3 SBM 4 SBM 5
FOUAR T AE
.71 . 10.: 10.4¢ 12 .
AME/( MJ/kg) 9.7 9.70 0.35 0.46 0 0.06
sz
5. 5.84 .04 .31 A4 .0
NE/(MJ/kg) 5.76 5.8 6.0 6 0.45 0.07
NN Ry AN TRYEY
AN 0.59 0.60 0.58 0.60 0.001 0.1
NE/AME
[] B A 5% b S RRE i 04 R AR L ) AR I it £
RIS i . 5 1) MR B 1 B i 25 RN OR, R AT g 2

3.1 AEMAMRITIRIEE & K AR BN

o] AL A A ] 5 4 B ) R R A K RE 1Y
FERER, AT IREN (25~28 HiR) FHH
W TE 82.03~86.87 g/d, K H HL7F 1.38~1.53, 1
TE Ross 308 [RIXS 1 FRARMEHETE R 22 ~28 HIBAXY
P H T (83 g/d) MBI E L (1.7) WAL, 3
FRCRAS 2 22 0] B ARk K H Ry 2
MRV A PG T Bz SRR R AL Y B R A
YL T 5L ik 4 MR A, [R] AsPoRk E H 2k B R R AR 4
AT R R 2, X R RE S 2% B TR AR
R 14 £F 4 Fn 48 i i ML B 1 B A G, Swick
4LV F Barekatain 25 OAIFSY & BR, f] M 1R UK O 1Y
o S PR S aT 5 ) (DDGS) 2 3 BRI T ARG
DR Ak 2R {EL7E 5 3 DDGS fa] Fi s i T 4b
VR LF 2t I | Rk A Rt S5 4 v TE O o £ 4
TR s T B R T AL R BR AL, 5 AR R A 45 AR
FHZEAL
3.2 AEMARITIRIEE DR E R =AM T

RIS XS 1) B = Rz Z R IR R M, R
XA B R R T
Macleod 27" B 58 & BE, BREE IR E AR 20 CHYE, =
A ) AR B 2 K V- FUHLER 1 5 2 9 T v i 3
K H7E 32 THEAWER XML, SHEA
Jo 2 R 13% B ARDRR AR L, PR RS 1 RO R R A
N 21 % R S HIE I T 8%, AWt , 5
S AR AR LY Bl A R 50 A R ORE AR T T A Y 3
T AR B0 NG e A B T B s i el R R 2 3R 0 X
TR B AR RE SR E He Y TR
T2, 3K 25 T B3OHE A ) AR 4 3t 6 0 7= B i 1

ST I B IR SAER 2 A B A, Noblet 25
A Liw &7 BRI ST 22 0, 39 o0 P30 T KR 2R 1 5
P IGE A BN (B R IR B E KT, 5 A E
FEAE R — B, Ao, 1 58 R A = AE
38.05~40.04 L/(d - BW"™) | & fb ik HE & 78
37.58~40.27 L/(d - BW"™) I 1 7 0.99 ~
1.02,, Barekatain %5 iff 55 3 W, 1| F 2 14 2 I°F 1%
RS B 22 25~ 28 H i Ross 308 PAIXS A FEA =
7E40.1~44.3 L/(d - BW*™) | Ak mr Ak 7E
43.4~45.1 L/(d - BW"™) | I J##E 1.00~1.08,
AR 25 A7 A — E 22 5, Barekatain % Y
WE5E 8 & 5 DDGS f] K 38 T A1 U5 il il
A, HBE5E & B 5 48 15 i DDGS 1) M . 35 42 /&
TR TS0 A S RO A R,
25 50 1Y 77 HE AT R 5 IRDRRCE IR A RS IR A G
R N R PR RE A e FR A RE 2 By, A
P TR RE A rh R R R B ) I 4 R e
P AR IR XS AE 24 CTAM N 4EE
HIE 451.3~452.0 kI/(kg BW"™ - d), H&H=Z
[i) 22 S 81 AN I 3 U WD AS ) 288 78 ) M R o 468 £ 7
il AR R, Sakomura 5 AFST KB 4 R A
XTE B BEOR OBE A 22 C W, 4k FF 4 RE N
456.10 kJ/ (kg BW"™ - d) . Noblet %" #f 5% i
1H,0.5~3.0 kg R 1 466 7= g A8 Ak 30 Bl A
418.40~447.70 kJ/ (kg BW ™ « d) . & W ff )
KA B SR A A A 8~ 15 H % 3L 4
B XY B R4 BE A 439.3 KI/ (kg BW'™ - d) |, |
WA ) 5 A 5 1 2 89 45 R A — 3. Ning
LR Y kOB, M2 M X 4 |/ R iR
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295.2 kJ/(kg BW"™ - d), Sakomura %" 5% MC M BE(E 43 K 9.71.,9.70,9.39 F1 10.35,

B, 4 JE S P XS ZE RS R 8 Ok 15 1 30 C T 4ER5
AEJ3 M 493.7 1 384.9 kI/ (kg BW"™ - d),
AT 266 6 7 B I 27 G 1) A Rl M A
i IABE S R EE K, Noblet 45 #F 7T 45
AR B WIRE Y 0.75 ROJ7 WK BE A TR R, 14
HH 0.70 R B GERK ARG, Yoo ik
HY 0.75 W7 — T AR Tl A X8 19 1K & 45
R R AR R P 56 A A% 1 A R A i R
[ 0.70 XI7 .
3.3 FARAMITEEERN ALEN M

FE Bl A R AR 3 8RN v BE A i T K 56 1
R, FLD R 7E T R JSORE 2 R 25 5 56 R AR
R GRALL 25% L AR AR 3 Al ) AR 2 A, T R R R
REM L F K28 10% , (H 2 SR e E LA
TR 729%™ R L R 58 A AR A I AR (AR T
SERRRE . FEAR T AR B R, 2 A a5 1)
R 2 PR XS 17 AR R 48 A 2 R0 B R AR 356 itk ) A
4, FERNERACI B AL R e B R0R & Tl IR
Tk, R PR AR b S A R R N SR,
FA TR o AR AR 11 O RIOR 2 4 5 o 25 B AR R R AR
BB EE AL R RE M R80R)  ACHIFSE v I 1) R
T bR B e WA T AE A 12.02~12.10 MJ/kg DM (#fF
Bz ORI R ) A1 12.26 ~12.29 MJ/kg DM ( % j &
KR ) o Muztar 261 BF 5% 2 B, 36 FH 1R 02
XM E K G ORR R W AR e b 11,42 ~
11.90 MJ/kg DM, 5 ARG S5 R AHIT

H R, ARG A 7= b ] R G ) 22 SR AR B 4
F VA KR R (R A0 4R B 5 /D | R ] AR v e (0 o 32
TS AL E SRR B i 8 T i e i A
55 HIAF Z B R 2R 0952 ), R [R5 4 193K
SRR RE 1 22 AR K o ASHIFSY b ORI R 1Y 1
BB N 8.57 ~ 8.66 MI/kg (7 Kz & H1 15 AR ) Al
8.71~8.78 MI/kg( X & G MR ) . Wrae S5 1015
RELLN 0.70~0.71, 255 GORHUE M g B (8 & T
MR GHIRAR . Liu 2807 RESE T, DARLAE 2 3k 45
(AA) RFPAXG R 50 2h 4, i T 5 A0 5% 46 7]
WA BIFFE Tk B ORI AR LG % D A B SR ]
RORT 25 Bz 5OM1 ) R B i BB 1E 43 9l A 10,53 FN
10.61 Ml/kg, SAWFSR ML RAFEZES, AT,
PRIXS it A T % 2 X ) AR BB (L B R R i)
3.4 AEXEHERREEEMNSREE

AT 7 /) 3 FhHE 2 GORTR 2 B B TR

10.47 MI/kg, ¥ 6818 5 1M 5.72.5.84.5.50 Al
6.04.6.31 MI/kg, 18Ul A8/ ¥ GE - ¥4 0.59,
Ravindran %7 4R 38, 25 B (= ) (BT AR 4E (&
B2 BNV (2 B) FVENEE (A B ) SLRITE AR 3R
WAC i RE{H M 6.56 ~ 10.61 MJ/kg DM, Muztar
IR IT R A R ORI N 25 B ORI 2 AR
BEAH >0 9.40 F111.60 MI/kg DM, F iR BF5E
SERGAME T 45 A, IR ML E T
1~21 HEE B PIRXG 21 F GRS BE(E N 5.63 ~
7.82 MI/kg, i§+iE/ IR RETE 55.24% ~62.78% , A
FFE 00 52 f) 52K v 1B S v e/ 1R O R 7 L Y5 1l
P Hill %2 ARS8, O AT S SO E
Al B2 GO R ORI RE (B 1 R AR, A
e 2 SR A AR T B RN Ve BB 2 A 1 o
Dilger %45 WF T $i38 , & H2 & 1 BUHF Bz HokA RN 25
B GARE(E 25 S R0 BB RN, HORZ B T Kok
HLET 4 R R VE Ky Z 05 00 & i, RER B T8 35
gy, s RS B W TH A S R AR R IR 9. [
i, SR FH B AR 1 D0 ek R 1Y) B R I, B Al 4
M BRG] R G sh B R H I R I 7 7R AR
O3 A A X A B REAEL = A R i

4 &

AR L T K — SR 78 ) A Ry AR R 3
Ross 308 R A5 24 , 38 AL MAR 3 Rl
B M1 Y 2 UL A i RE A 4 B A 9.39.9.70,
9.71 Ml/kg, & fig 1H 4r % A 5. 71, 5. 84,
5.50 MI/kg;2 B2 Bz UMY 2R WA BE 18 43 31
10. 35, 10. 47 Ml/kg, # BE 6 2 51 2~ 6. 04
6.31 MJ/kg.
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Study on Net Energy Values of Different Soybean Meals for
Chickens during Growing Period

BAN Zhibin YAN Xiaogang WEI Bingdong LI Lijia ZHANG Ying SUN Lei
LIANG Hao LANG Chaoli YANG Huaming "
(Jilin Academy of Agricultural Sciences, Changchun 130000, China)

Abstract: In this study, an open-circuit calorimeter for poultry was used for energy metabolism test, and the
net energy value of different soybean meals for growing broilers was determined by indirect calorimetry com-
bined with surrogate method. The experiment used an approximate Latin square test, and divided into 6 peri-
ods, sixty 1-day-old Ross 308 male chickens from the same hatchery were selected in each period, and ran-
domly divided into 6 groups with 10 chickens in each group. Chickens in the basal diet group were fed a corn-
soybean meal basal diet, and others in the test diet groups were fed the experimental diets which used 5 kinds
of soybean meals (3 kinds of regular soybean meals, and 2 kinds of dehulled soybean meals) replaced 25%
basal diet. Each period lasted for 31 day, chickens were fed in chicken houses during 1 to 20 days of age, two
healthy birds with similar body weight in each group were selected and weighted on 21 days of age, and then
put into respiration calorimetry chambers to measure the value via gaseous exchange and total excreta collection
for 9 days, including 3-day dietary adaptation period, 3-day respiratory calorimetry and 3-day fasting heat pro-
duction, respiratory calorimetry and digestion metabolism were tested simultaneous. The results showed that
compared with the basal diet group, the apparent metabolizable energy, metabolizable energy intake, retained
energy and net energy in test diet groups were significantly decreased ( P<0.05). This experiment concluded
that the apparent metabolizable energy values are 9.39, 9.70, 9.71 MJ/kg for regular soybean meals, and
10.35, 10.47 MJ/kg for dehulled soybean meals, respectively. The net energy values are 5.71, 5.84,
5.50 MJ/kg for regular soybean meals, and 6.04, 6.31 MI/kg for dehulled soybean meals, respectively.[ Chi-
nese Journal of Animal Nutrition, 2018, 30(12) :5238-5246 |

Key words: chickens; soybean meal; net energy; indirect calorimetry
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