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Table 1 Proximate nutrients of feed ingredients (absolute dry basis) %

i H YR RLEE A R il RLK
Items Dry matter Crude protein Ether extract Ash

F K Comn 89.96 8.64 3.66 1.09
/NF %K Wheat bran 89.97 18.65 4.46 6.98
K& Soybean oil 99.00 98.00

1 Soybean meal 91.90 46.85 2.15 6.60
Hi#F¥A Cottonseed meal 91.55 47.54 1.95 6.84
SEAFHA Rapeseed meal 91.09 35.81 8.03 7.09

RIS P T e DR P A S

The data of soybean oil cited from China Feed Database'®
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6~10 7EFAKL 1 ~5 JEab B U 4% i) i B (4E 4
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and the other data were determined values.
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Table 2 Composition of diets (absolute dry basis) %
i H TAlfE Diets
Items 1 2 3 4 5 6 7 8 9 10
Tk Comn 71.57  69.88 6290 59.58 61.50 68.59 66.97 60.31 57.10  58.95
M1 Soybean meal 28.43 27.76  24.99 1522 24.43 27.25 26.60 23.95 14.58  23.41
F# %k Wheat bran 5.58 12.62  5.45 5.34  12.10 5.23
KEiH Soybean meal 6.53 250  6.38 6.26  2.40 6.12
AT Rapeseed meal 5.03 4.82
HA¥FHI Cottonseed meal 5.05 4.84
[ + Bentonite 2.36 2.24 2.27 2.15
iR K Premix 416  4.16 414  4.16 4.14
&1t Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TR A BT 7 A MR 2 8E The premix provided the following per kg of diets: VA 1 500 IU, VD, 170 IU, VE 11 IU, VK,
0.5 mg,VB, 1.0 mg, VB, 2.5 mg, VB, 1.0 mg, VB, 11 pg,Z 4 pantothenic acid 8.0 mg, #H# nicotinic acid 10.0 mg, M fo-
lic acid 0.3 mg, 44 & biotin 0.05 mg, 5 fLJHHK choline chloride 350 mg, Cu( as copper sulfate) 4.5 mg, Fe( as ferrous sulfate)

70 mg,Zn (as zinc sulfate) 70 mg, Mn ( as manganese sulfate) 3 mg, Se (as sodium selenite ) 0.3 mg, I (as calcium iodate )

0.14 mg,NaCl 3 g, f1 47 limestone 9.1 g, B 25 CaHPO, 7.8 g, % 1 bentonite 18.1 g,
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Table 3 Effects of sample volume on measured values of GE in different samples MJ/kg DM
- #£ & Sample volume/g P {H P-value
TiH
Items 0.2 0.4 0.6 0.8 1.0 SEM % e K
ANOVA Linear Quadratic
Tk Corn 17.94°  18.31° 18.43* 18.47° 18.50° 0.03 <0.0001 <0.0001 <0.000 1
THI Soybean meal 19.12°  19.35° 19.42™ 19.46" 19.46" 0.03  <0.0001 <0.0001  0.000 4
/NA %k Wheat bran 18.48° 18.64° 18.76° 18.81" 18.86° 0.02  <0.0001 <0.0001  0.007 0
K Soybean oil 39.54°  39.69* 39.81° 39.76° 39.77*  0.05 0.0073  0.002 8 0.017 4
32 FFHI Rapeseed meal 20.35°  20.58"  20.66™ 20.72" 20.72° 0.03 <0.0001 <0.0001  0.0010
HiFFHI Cottonseed meal 19.05°  19.28° 19.38° 19.41° 19.42° 0.02 <0.0001 <0.0001 <0.000 1
FAlHE 1 Diet 1 18.46° 18.58" 18.68* 18.71* 18.74* 0.02  <0.000 1 <0.000 1 0.002 8
TR 2 Diet 2 17.91¢  18.23° 18.27° 18.31* 18.28"° 0.01  <0.000 1 <0.0001 <0.000 1
TA M 3 Diet 3 19.63°  20.05* 20.11° 20.10* 20.10° 0.02  <0.000 1 <0.0001 <0.000 1
AL 4 Diet 4 19.05° 19.31" 19.45* 19.46* 19.47° 0.04 <0.0001 <0.000 1 0.000 3
Taf 5 Diet 5 19.09¢  19.51° 19.61° 19.69*° 19.66® 0.02  <0.000 1 <0.0001 <0.000 1
Ti L 6 Diet 6 17.26°  17.60° 17.74" 17.79" 17.86° 0.03  <0.000 1 <0.000 1 <0.000 1
TR 7 Diet 7 17.08°  17.34°  17.48* 17.52* 17.53* 0.02 <0.0001 <0.0001 <0.000 1
Ti e 8 Diet 8 18.52° 19.14° 19.24* 19.28* 19.30° 0.03  <0.000 1 <0.0001 <0.000 1
T 9 Diet 9 18.00¢ 18.38° 18.45° 18.51° 18.51* 0.01 <0.0001 <0.0001 <0.000 1
T 10 Diet 10 18.20° 18.65° 18.79° 18.83* 18.83* 0.03  <0.000 1 <0.0001 <0.000 1

AT Hd B AR AR R - R 22 AR .3 (P>0.05) , ARl PR 22 3 B3 (P<0.05) . FER,
Values with the same letter superscripts in the same row mean no significant difference ( P>0.05) , while with different letter

superscripts mean significant difference ( P<0.05). The same as below.

22 ABREHEEMNERBZEH GE EH F,LKE 2/ 2 NFEMAIZI>3, 08w 5 H 2
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HIE 1 A, NSEER % GE MEMER Z LA E 21 3 4 M ZIYHE2 LI,

ZEt A1 z score
S bbbk o mrowsimen ovea

1 2 3 4 5 6
SEIG % Labs

FHE 1~4 R PARR-6400 B GAETT, S E 5~6 KA IKA C-2000 B FAETHIE GE, FEFH,
PARR-6400 was used in Labs 1 to 4,and IKA C—-2000 was used in Labs 5 to 6. The same as below.

E1 6MXLBm=EMERL GER Z LA
Fig.1 Z score of GE in feed measured in 6 labs
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Fig.2 Mandel’ s h and k statistics of GE in feed measured in 6 labs
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Consistency and Additivity in Gross Energy of Monogastric Animal Feed
Samples between Different Laboratories

ZHANG Jinyuan'? WANG Yuming” DU Zhongyuan® DONG Ying® LI Dailin® WANG Yueli’
HUANG Qinghua® DU Qingzhi’ HUANG Yanling'* ZHAO Feng®”
(1. College of Animal and Veterinary Science, Southwest Minzu University, Chengdu 610041, China; 2. State Key
Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing
100193, China; 3. Wenshi Food Group Limited Company, Yunfu 527400, China; 4. New Hope Liuhe Limited
Company , Beijing 100102, China; 5. Tangrenshen Group Limited Company, Zhuzhou 412000, China;
6. Qingdao Weilan Biology Limited Company, Qingdao 266000, China; 7. Hunan Zhongben
Intelligent Technology Development Limited Company, Changsha 410013, China)

Abstract: The objective of this study was to compare the variation and additivity of gross energy ( GE) meas-
ured in different laboratories, which will provide a reference for accurately determining effective energy value
of feed. This experiment consisted of two parts. Part 1 was to investigate the effects of the feed sample volumes
on the GE value determined by the oxygen bomb calorimeter. A single factor completely random design for
sample volumes at 0.2, 0.4, 0.6, 0.8 and 1.0 g was adopted for each of 6 feed ingredients ( corn, soybean
meal, wheat bran, soybean oil, rapeseed meal and cottonseed meal) and 10 diets. Each treatment contained 4
replicates. Part 2 was to investigate the variation and additivity of GE in feed determined in different laborato-
ries. A single factor completely random design for 6 laborotaries was adopted for each feed. The GE of each
sample was measured for 4 replicates in each laboratory. The results showed that the measured GE of 6 feed in-
gredients and 10 diets increased linearly and quadraticly with the increment of sample volumes ( P<0.05). The
measured GE values at sample volume of 0.2 g were lower than the GE values measured at sample volume of
0.4 to 1.0 g (P<0.05). Relatively little difference was observed in GE measured at sample volumes of 0.6 to
1.0 g. In the comparison among 6 laboratories, the absoute Z scores of 91 out of 96 measured GE were less
than 2. The h statistics showed that the measured GE in laboratory 2 was lower, whereas the measured GE in
laboratory 5 was higher than other laboratories. The k statistics showed that the variation of GE measured in la-
boratory 5 and 6 was relatively greater. In total, the coefficient of variation for repeatability, inter-laboratory
and reproducibility of GE didn’ t exceed 0.64%. The paired t test showed that no significant differences be-
tween the calculated and measured GE of 10 diets were observed in each of laboratory 1, 3, 5 and 6. Whereas,
significant differences between the calculated and measured GE of 10 diets were observed in each of laboratory
2 and 4 (P<0.05). The linear regression model of measured on calculated GE in each of 6 laboratories all o-
verlaped with Y=X. This indicates that the loading volumes of sample for GE measurement using the oxygen
bomb calorimeter should be more than 0.6 g. The GE value of feed measured in 6 laboratories show good con-
sistency (94.8% satisfaction) , and low coefficient of variation is observed in GE measured among laboratories.
Higher and high additivity of dietary GE are present in laboratory 4 and 2, respectively. [ Chinese Journal of
Animal Nutrition, 2021, 33(6) :3581-3591 ]

Key words: feed; gross energy; coefficient of variation; additivity
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