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PRI SN I E /) GE AIREfFEE S . %
JEE AT R T ML AT A SRR T M R R 2
IR TR R B LA —E 2, A RS
S AR T E W] —BE i GE B9 22 S i WL AH S 4
1, PRI, AS BT 5 A b T R ATl I A
FHEY 2 7o S SRR 3 7 00 5 TR DR DR A
GE F7% 5 78 J8 K 0 1 M e 1 AL T (Y
SR A RDRA T AR E GE sl BE R A R 25 7 1Y
e BRHES %,

1 #MR5FZE
1.1 AR ARER R ERE

TAAR 1.2 SRR SR 1 2 Sk H TASLE %
Gao %R TH AL B0 B A, IR 3 4 Bk R 1
FERE 3 Ak A T s AL IR RE S,
AR 6 SRR M SR e A L BTR GTTA
TR RAFRFNARFERR TR TRk, BT AR
m HZ e AL (A7) KRR LR T
RIS XT-A400) ¥i i 51t 40 H 7L, % B
TFo6%-20 CIRAAE&

x1 AR GABERRERNERIESSE (KTEM)

Table 1 Proximate nutrient contents in diets, feed ingredients and feces ( air-dry basis) %
WiH T FHEE HHEF 4 FHAE i K5y
Items Dry matter Crude protein Crude fiber Ether extract Ash
T4 1 Diet 1" 89.06 17.34 3.69
T4 2 Diet 2" 89.06 17.09 3.89
T4 3 Diet 3% 90.52 19.03 3.96
A 4 Diet 4% 89.95 13.96 3.20
Tk Corn® 87.48 7.11 1.88 3.75 0.97
SEHF KT Rapeseed meal® 91.91 36.79 11.13 3.66 6.12
HAAFHFA Cottonseed meal®” 88.88 46.86 9.30 1.13 6.43
F4HFE 1 Feces 1V 93.14 21.58 5.60
ZEHE 2 Feces 2 93.42 20.76 6.04
Z4FE 3 Feces 37 95.63 19.40 11.75
F4FE 4 Feces 47 95.45 14.84 10.63

1) B2 IR T Gao %7 | The data referred to Gao'” et al.

2) BEAIETF 58 I3 | The data referred to Dang'®.
3) Bds F 5L {E . The data were determined values.

1.2 RIGiEt

K WG FEAS L B 30 1 1, 5 %% 2 F 4 S A
I ERE S GE B H N | H 8] S s 2 5 2280 22
5, DL 5 B i S AR 1Y) GE S TR A 1 1k
RS e EIE AR 25, fE GE HW 5 H A48
SERINE BB FE 09.00—21:00,4F 3 h ill5E 1 KAE
) GE, L 4 %, B2 4 d, EG AR
AR AR S ek R BE T A R I T, AR
mn B AR AR 10 D R IH LGk 48 T J5 B
BLAFRE 2 21, 2 Fi S R e T X)) R i ) e} ke
FE &L GE 439 8 52 00 5E 2 W, X A oK T Ak Bk s
SR GEIE 11K,

1.3 MEIRSH*

% GB/T 6435—2014 I3 FE 5 (1) 7K 435 18 9F
AT it (dry matter, DM) 7 &, IF i 4§ 1SO
9831:1998 11 J5 32 I 5 Ta) #R | )Rk JERE  ZEAE S 22
DA T AL R G TH AL IS AR K A 5% 19 GE ; IR H R
YEMAREYI bR E AR A R IF E AR, 15
AT A T T R % )R TR Y g K ) BE
(EHGE ) HHRAE MR 5 % X e 25100 ()5 A= 1 Ak 3k Dl
FEHE AL EHGE 5 £ AR RLRE HE AT
1.4 HIBELAEBSSEITHH

¥ HI SAS 9.0 B MEANS #5856 3 4 45 1 &
AT HT o AR AR PR AR A b 0 38 15 1 1 e 2,
TTEST FHxT 2 Ff 40 i $ it 31 5200 /) GE i 47 22
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SN, E T GLM BB ST A
JrA L H (AL S5 H A (R 22) - G
T, S REa DE AT E GE e i
9 H N H D) B A S 28, *F GE e {57
PIEAH2Z 1 000 keal/g(1 cal=4.1859 1) Lk FHLH
RBEANFE o , ANIF A #{E S 1T, R FH FREQ #4
B Chisq #3006 2 Ff S AR B T A ORI AR
PR TEIY SR BE 0o IR b2 — Bt T R
Ky, P<0.05 & SChGEt R E 2R

2 H#RE55W
2.1 2FhEEME
GEHER

H 2 2 Al 7E 4 AR A GE DU e ) S
oE RIS 1 RS 2 SE A & 79 ~ 153 cal/g
DM( P<0.05) ; 7£ 3 A1 BHE B GE I &, &
PRGBS 2 P {E S 64 ~ 84 cal/g
DM (P<0.05) . MMi7E 4 AZEREM GE e i, U
A THANS 1 2 7R EA2E-230~51 cal/g
DM, Ci #ZF (P>0.05) . TE 5 KR SR
T3 BRI FE A B A A b AR AR T AL 1

vH RE GR 4R | GRS IR A R A

585 2 8% %5 (P<0.05) ,

HH % 3 AT TEARRE 1~ 3 (9 GE W5 |, 4 i
P 1 W H P H R AR SR B A
0.23% ~0.38% .0.36% ~0.68% 1 0.41% ~0.72% ;
AR TS 2 () H P H A &R AR 5 R By
WITE 0.15% ~0.29% .0.25% ~ 0.37% il 0.29% ~
0.44% , FEVAAR 4 %) GE I 2 P, S s #oq 11 5
1 H N H ] S 5 R0 518 0.79% ,0.59%
F10.90% , i A s TR S 2 A9 H Py L H TE) R
ARG RZE N 3.50% 2.87% F1 4.18% , TE 3
TAAHFE R GE W v, AR RS 1 W H
L H ] B A R A AR 0.22% ~ 0.76% |
0.19% ~0.44%F1 0.29% ~0.75% ; ‘A WA 17 5
289 H N, HE R SR 5 RS B AE 0.19% ~
0.71% 0.15% ~0.40% F11 0.22% ~0.71% ;2 F 4 3
PP E H N, H ) & AR 5 R B 9 E
T, TEZERE 1~4 1Y GE W& b, 4 i S i 3 73
51 HE N H R R TE 1.46% ~
12.98% .0.74% ~4.43% 1 1.44% ~ 11.67% ; & #i.
PRS2 9 H N H A R R S R R0 A
0.35% ~1.02% .0.04% ~ 0.36% F1 0.23% ~0.95% ;
AR S 1 fEH N H ) R R 5 R
SEIE B AR R 2,

R2 2HESEEARTNERER GEHNESR

Table 2 Difference in GE of samples determined with two types of oxygen bomb calorimeter cal/g DM
At als 1 At s 2

Wil Oxygen bomb calorimeter type 1 Oxygen bomb calorimeter type 2 P
Items - e o e e - . o - < - . SEM P-value

BIKF2R B3R FA4RFHE FH1RFE2RK B3R F4X FHE

Day 1 Day2 Day3 Day4 Mean Day 1 Day2 Day3 Day4 Mean
& Samples
Ti# 1 Diet 1 4504 4555 4577 4580 4552° 4452 4470 4475 4498 4.473° <0.01
T 2 Diet 2 4509 4545 4563 4561 4 544° 4448 4459 4468 4480 4 464° <0.01
¥R 3 Diet 3 4610 4635 4652 4648 4636 4536 4549 4552 4567 4551° <0.01
TR 4 Diet 4 4523 4538 4556 4594 4 553" 4184 4452 4459 4506 4400° 56 <0.01
F K Corn 4579 4619 4628 4630 4 614" 4502 4531 4533 4553 4530° 5 <0.01
SEAFHI Rapeseed meal 4 854 4878 4874 4875 4 870° 4786 4793 4790 4806 4 794" <0.01
Likas el . .
Cottonseed meal 4738 4779 4763 4741 4755 4673 4676 4715 4684 4687 17 <0.01
FEFE 1 Feces 1 4458 4441 4490 4385 4452 4405 4410 4377 4414 4401 26 0.09
FEHE 2 Feces 2 4038 4299 3973 4480 4171 4401 4400 4399 4404 4401 186 0.11
FEHF 3 Feces 3 4767 4787 4640 4817 4753 4756 4769 4773 4764 4765 49 0.72
FEHF 4 Feces 4 4850 4693 4699 4817 4761 4947 4937 4941 4902 4932 80 0.14
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WiH Oxygen bomb calorimeter type 1 Oxygen bomb calorimeter type 2 - P i
ftems UK P2K B3R BAK PHE  HLK B2K B3 K B4 K TLHE Frvalue
Day 1 Day2 Day3 Day4 Mean Day 1 Day2 Day3 Day4 Mean
WL %L Observation
sk K : .
Failure of fire
PRI ATE
ficozliiij fire 0 0 0.03
ok AN
ﬁf}iz fire 169 176
[T 2 BB AR AN ] 7 B 7R 22 57 . 35 (P<0.05)
In the same row, values of mean with different letter superscripts mean significant difference ( P<0.05).
xR3 2THBSHEHEAETNEER GENERRY
Table 3 CV of gross energy in samples determined with two types of oxygen bomb calorimeter %
ST S SIS
IH Oxygen bomb calorlmeter 1 Oxygen bomb calorlmeter 2
Items
H N Intra-day H [f] Inter-day &LFl Total  H N Intra-day H [H] Inter-day & 1 Total
TAH Diets
1 0.29 0.68 0.72 0.29 0.37 0.44
2 0.38 0.47 0.58 0.15 0.26 0.29
3 0.23 0.36 0.41 0.24 0.25 0.33
4 0.79 0.59 0.90 3.50 2.87 4.18
F-H{E Mean 0.42 0.53 0.65 1.05 0.94 1.31
1Ak E L Feed ingredients
EK Corn 0.22 0.44 0.48 0.20 0.40 0.44
KR Rapeseed meal 0.24 0.19 0.29 0.19 0.15 0.22
i FFH Cottonseed meal 0.76 0.35 0.75 0.71 0.35 0.71
F-1{H Mean 0.41 0.33 0.51 0.37 0.30 0.46
4L Feces
1 1.46 0.74 1.44 0.80 0.33 0.77
2 12.98 4.43 11.67 0.35 0.04 0.30
3 2.93 1.42 2.91 0.22 0.13 0.23
4 4.64 1.48 4.24 1.02 0.36 0.95
SEHIE Mean 5.50 2.02 5.07 0.60 0.22 0.56
FAAE S All samples 2.27 1.01 2.22 0.70 0.50 0.81

2.2 2 MEIAHEITE R AR AR RBHE B R £
HUEAKXKEY GE Fit E B EHGE X 8 £
HEENER

HH 3% 4 AT A 4 AR 3 ATk R T
fkrki# GE ?ﬂ!ﬂ%qj,’fké'imifrﬂv 1 95 # GE
PIm TR T RS 2 B 2 Bl A s B

FETRE 1 8¢ 4 RIHILFRE GE eG4 it L ERAR
E(P>0.05) 4h, Hofth 5 FE R H B E 27 (P<
0.05) . i 2 Fp BRI E A 5 Y GE &ﬂ%
W 1LFE GE i1 19 EHGE, 1 4 s & i %1 =

MI%E GE Ja it 8 i 1R ke 3 sM 4741 A9 EHGE EL%
T iy & s 8 S 2 I %E GE J5 18 1) EH-
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GE(P<0.05) , Al 5 MFEdh 2 MRSV E  RITEMREEN LR (P<0.05),2 Fi A SR
GE J5 1151 EHGE Z 5 AR 3# (P>0.05), M4  WEHEMK 1.2 .4 9 GE /iAW E RN R E R
BRI RS 1M E AR 3 5k 3 AMERERRE REE(P>0.05),

I AL R I 2R T i A A T A S 2 0 2 GE

F4 2HEEAEINE GEWESMSEAMREELEL EHGE MEEEHULENESR
Table 4 Differences in EHGE and digestibility of energy in diets and feed ingredients calculated on GE

determined with two types of oxygen bomb calorimeter

B I i

H I 1 LA 2 I 3 LA 4 R Rapeseed Cottonseed
Items Diet 1 Diet 2 Diet 3 Diet 4 Corn P
meal meal

AIH L5 GE GE of undigested residue/ ( cal/g)

E7 e
LA 4 407 4 564 4 922 4171 4 205 4 410 4 660
Oxygen bomb calonmeter type 1
AR RS
S 4 240 4 282 4 114 4 156 3877 4171 4 366
Oxygen bomb calonmeter type 2
SEM 110 51 49 117 75 26 29
P {H P-value 0.17 <0.01 <0.01 0.91 <0.01 <0.01 <0.01
fitf 7K R BEAEL EHGE/(cal/g)

E7 e
ARG 3 546 3 560 3208 3 544 3678 2 525 2 394
Oxygen bomb calonmeter type 1
AR RS
A 3 509 3 524 3 390 3 495 3672 2 554 2 441
Oxygen bomb calonmeter type 2
SEM 46 23 17 38 16 20 17
P {H P-value 0.46 0.17 <0.01 0.23 0.74 0.21 <0.05
g IH LR Digestibility of energy/%

£ AR
AR 77.52 78.34 71.36 78.47 79.67 53.49 50.54
Oxygen bomb calorlmeter type 1
E PR A E 2
A S . 77.94 78.86 75.68 78.63 80.99 55.21 52.67
Oxygen bomb calorimeter type 2
SEM 1.01 0.51 0.37 0.84 0.36 0.44 0.36
P {H P-value 0.71 0.26 <0.01 0.85 0.01 <0.01 <0.01

SRR (R ) RURE B BRI 60~

3 3t it 100 HSME GE M EZHEELF, SR, ko'
3.1 SHEAETNERR GE BRI EEX TETRE GE AN %E Hh WL E B bl B By BE RIS O 40 H

AR AR R T B M v i T YET, ARG iR R A X R 8
vk ) TR REAEAE 22 5 AR, ZE M e i AR h 3 0.5 mm B (30~40 H) JEIE GENT AR
FE i ARy WL AR | LR LA K B 1k R e BRI Y WA b MR, EEIH BN L 1 mm
REERJF R (AAREEE R s ) wTRE S (16 H) U I R B, AT — SEACH A
0 5] GE I 5 45 H . 1SO 9831—1990"" f# [ TR ZERER R R BIR AR R 0 Bk el
IKA } 3% [E PARR 78 4 5 #0058 HL A b o f AR FRAED 2 GE B A S b 50 0 ks 42 HAT 8K
N RE S R R MR 2R . Sibbald %5 78 I 2 MZEHF, X—ZF 2658 MM RS A%
Fok MEE AR AR AT GE B, 8 Ead 20 H i, W R — 2T, A R R AR R E 4
2 fh 4D 35 HY PARR 6300 48 3 B T 5 KR K 22 BSR4 50 o) ] R R 258 A 3 3k
i GE I BE R w8 60 B 0 sl Fg /N 1 He B Btk Wiieat 40 By« L1 FEX — kAR T I E Y
A IR e 78 47, Ri AR 3k R BE 5 S BBR e AN 72 47, GE 5 3Ck B fs 58 2 nT Fe e, 7F b RE X S
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I E G GE W52 I, 2832 A A
KA R A FR AR A A B S R s, B
AR, T B A AR R R R RIS, %2 GE
AR, ERE R 2, A S i R B KT
SUEFE S RIS A
FHZ i, S48 FH 28 R AR S A HE ) i A7 A OE, >4 T
ERAEF R GE 1£(6 318+10) cal/g A #E17 )5 4L
EE, LA, TKA C6000 48 3B i 1T 2 BURE & B
a2 AT 5 g, MERIAR T 299 560 cal;
Parr 6400 % 5 T EESURE S (1 A B S I
0.7 g, RZ Afg 1.5 g, & A AE R AR T
8 000 cal, ABUEEME £OKAY GE i, i it
RIS 1 Y GE Wi LR AN (0.2~1.0 )
1M B T A AR T 2 W E 1 GE 7 AR R
0.2~0.4 g Bl F A & 69 35 hnm A, 78 0.6 ~
1.0 gt GE B FHuE (RN EIE) . X —HE S
fii F171 45 PARR 6300 If & £ K GE B, A =A%
F 0.5 g, GE WK, H 2 U 2 1) 45 o i 22 40 6T
WA LRER R 0.7 g, GE Boh R e B 45 10 —
., FILRT L, S TR RS ) AR SRR I SE () GE
Z PAEE R 2 S 2R — BN AR, X
— R SR 7 A2 e JEORLAS [R) I AT 25 5, v T 2t
—HEE, B AT, U SCk R E R EURE A Bk 7K
b G WK 75 25 5 W U A 1T X GE I
B, BRI, @R £F 4R FE R R PR O AL
LIOCR MBS & GE M2 A 0 e Ak
TEBG 1k BE B8 i RE A B TRk, 55 B R T 1SO
9831—1990" "' {7 15, K By IR BE i 2 AR 2 MR 4%
M AN SEEG 2 @ H R ) Whatman™ 455 Sk 48 (&
290.07 g/7k) LB EDIREE AL . IKA C6000 4 3 #4
EITELER & 1T R R AL R IR AR A w56 20 K
JE AT R R o SR, ASTR] A Bl T 2O AR B A
I E GE #9532 A i fif 0L SCHRHE
32 AEESSEAETNEHSR GE RERH
bk 3

SCHER B WLARTE 2 Fhal 2 AL b AR
SEl—FESD GE 255, SR, 28 B 1 2 (8 7
IKA C200 F i 11 2 55 1~ E £ K1Y GE
SEYE K 4 579 cal/g DM, 8 F 28N 1.04% , 2
4 F= 2l ] PARR 6400 48 3 #3110 52 100 4
HiE K GE F-YI{E N 4 447 cal/g DM, F 55 &R
BN 1.01%, EiRWFFE T E oKk GE 1925 5 P A B
P RS AN R0 BT AR T 20 M AN TE A (HN

KRR LERE 2 FPA a3 BE K GE 1)
ZE5IRF| T 84 cal/g DM, £ ] A A L Ath 4 e} R
BE 2 PSR TN E A GE WifE B & 2R,
MIAEI 2 256E 2 A1 4 1) GE |, B4R 2 R4 s i
THEEEZRBER,BEITEEER AR E, X
FEJEH TR MM E RIS 10 A GE WA
S F B = T AR KRR ECRHI E GE 198 5 &R
B0, T T30S I A AR R A K T e fH AR/
X—# 45 D’ alfonso 5% Ay 56 45 2, H
s R A s R TR A 5 Il /N GE AR 5+
RECR 1.40% , 10 4 3G HEMY 45 4 R EEZ W E
GE M2 5 ZK0TF 1.21% ~12.18% 74k

Sibbald %' FLAE T ] — RS- S s R T AR PR
AR ORIbR AT 20T DU f A S5 4E GE He Bzl
(Z{E<12 cal/g) , SR, AN [AAE S AE DN %€ H 8] GE
22 A —5, X R AR TR R & H
T) )3 28 (A7 7 25 4k . 1SO 9831—1990 " 75 5l [4:
TRy S UG 2 SR A IS A e 7
i GE WEH E P 5 RETE 0.09% ~2.10% 25 1k,
AR | 2 ol A s B R I R A AR DR
GE 78 3 2B H N | H Ia) J A8 5 2250 M X2
AT, T A VR S 1 AR E 26 RE GE AR R &R
o s FRMME TS 2, X EEEH T 2E
HORL I 43 AR X 1 AR A v 38 LR IR B R
SERBMAEN ) X —25E WA R TS 1 7R
KNG AN TE A SRR T A A R AL 2
PREMFIE , 7E 2 Ff S5 B 0 2 A AR R R T Ak
¥ GE J5 it % 19 EHGE v, iy T % 3 #4 & 3 AU
S UE M ETA 7 SRR GE 15 ANRE Y AR T
k5% GE @ TAMME IS 2, Ak, i GE I
EMZERFE T AFES 3 B Y EHGE 8
{ECRT 4 A FE 5 R BE S AL R A AR AR B
5o BRI K AR T AL R 1Y GE A
X IHALRTRE & A9 GE (5 Hede /I, Ik, [l — >k
i R RE T Ak 28 £ A2 M 5 GE I 2 {8 &5 IR 19 5%
M, X —IG 5 /N3 AR I BRI AR 1 T F 55 T/
22 FHEM Y GE W2 i J7 22 % B RE ( TME) 1)
AR ST I TTRR T 48.1% Fl 3.8% 4E A —5
4 & it

2 Fofo A2 S BRI A T R R B DR JEURE ) GE
AR I E FRE GE M E &V EAAAER R
(255, 2 Ff 48 5 AR T 8] 0 2 A AR R A GE 1Y
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Difference in Two Types of Oxygen Bomb Calorimeter to Determine
Gross Energy and Its Effects on Energy Digestibility of Samples

DU Zhongyuan SU Yanfang CHEN Kaixuan ZHANG Hu GAO Qingtao ZHAO Feng”
( State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract; The objective of this experiment was to investigate the difference in the two types of oxygen bomb
calorimeter to determine gross energy ( GE) and its effects on energy digestibility of samples. A two-sample
comparison experimental design was adopted to study the difference in GE and its coefficient of variation for
four diets, three feed ingredients and four feces determined with two types of oxygen bomb calorimeters, as
well as the difference in the enzymatic hydrolysate gross energy ( EHGE) and energy digestibility calculated
from the GE of diets, feed ingredients and corresponding residues after simulated digestion. In the determina-
tion of intra-day and inter-day variation, the GE of the samples were measured four times daily with once every
3 h from 0900 to 21 .00 and continued to measure for 4 d. In the determination of diet energy digestibility in
the simulated digestion, each sample contained 10 replicates. The undigested residues were dried and randomly
divided into 2 groups. The two types of oxygen bomb calorimeter were used to measure the GE of each diets or
feed ingredients in duplicate, and the GE of each undigested residues only once. The results showed as fol-
lows: 1) there were significant differences between the GE measured by the two types of oxygen bomb calo-
rimeter for each of diets and feed ingredients ( P<0.05) , while no difference was observed between the GE of
feces. 2) The smaller intra-day, inter-day and the total coefficients of variation of GE for feces were observed
in the oxygen bomb calorimeter type 2 compared with oxygen bomb calorimeter type 1. 3) There were signifi-
cant differences in the EHGE in each of diet 3 and cottonseed meal and energy digestibilities in each of diet 3
and three feed ingredients calculated from the GE of samples and undigested residues measured by two types of
oxygen bomb calorimeter ( P<0.05). In conclusion, two types of oxygen bomb calorimeter present a differ-
ence in GE measurement for diets and feed ingredients, and present a great difference in the repeatability of fe-
cal GE. Differences in GE measured by two types of oxygen bomb calorimeter lead to differences in EHGE and
energy digestibility in some samples, but the extent of this difference is much less than the difference in GE.
[ Chinese Journal of Animal Nutrition, 2021, 33(2) :1128-1136 ]
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