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BU= Introduction
> FBERBYIMEY), EIREFZE6000% J7 i

The fifth commonly grown cereal graln more than 63 million ton per year worldwide

/N3 wheat JK#& rice Eﬂé corn K#F barley B2 sorghum

> SRR, MR, JTHRAGH TRk X

Strong stress tolerance, grow under a wider range of environmental conditions,

especially hot an%dr (illmate
5 N

ity Floo ‘ d :F Druight T W Saline-so*il S #F barren soils
UBHEETWONLN bup:/www.mafic.ac.cn (Miller et al., 1964; Swick, 2011; FAO, 2615)
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CREE Wk Feed

Declining Grain Inventory

> BRI LR AR, AR M N RIS B A
With global warming and the declining global grain inventory, it is imperative that
sorghum is fully used as a food and feed resource for humans and animals

YSsEEIYDL hitp://www.mafic.ac.cn (Se”e et al., 2010: Paulk et aI., 2015)3
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> FRAE) T LA e AR KA RE S DR BTG 7R A

Swine producers are using sorghum as an alternative energy resource to reduce diet cost

RUBBETWDK bip://www.mafic.ac.cn (Selle et al., 2010; Paulk et al., 2015; FOA, 2015)
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Sorghum may not always be comparable with corn or other cereals due to the anti-
nutritional factors (tannin, prolamin, phytate)

> R T 5RO OC, T LU MRS SR
Tannin has a negative relationship with effective energy in sorghum, which greatly
decreases the nutritional quality

RUBEETITWODNK bup:/www.mafic.ac.cn (Jacob et al., 1997; Khoddami et al., 20715)



BU= Introduction

EH

selective breeding

S

Few studies have been conducted to determine and compare the DE and ME
content in different sorghum cultivars

> HERA P AN RS A 7] vy A RRE A RE 220 ey RCHURTAE T 1) AR
Accurately: evaluating the effective energy in different types of sorghum is

necessary to formulate diets economically and effectively
RUBEETWDE bup fwww maficaccn (Cervantes- Pahmetal., 2014a,b; Lowell et al., 2015)
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b . R RR A E R WAL e, SR e R
B R e T

Hypothesis: low-tannin sorghum cultivars (L.TS) have a greater DE and ME

content than high-tannin cultivars (HTS); and tannin could be a primary
predictor for the effective energy

> BHE: eI 28R A R mMREAAE R, FHE
BT 5 &

Objective: to determine and compare the DE and ME content in 28 samples of

sorghum grain; and to generate prediction equations for DE and ME based on
chemical analysis

RYA

e 22

WYUBHEETWIK bup://www.mafic.ac.cn ’
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*Zfﬂ '57':',2"5 Materials and Methods

R FEA REE Collection of Sorghum Samples

i ~*5l S nyang
Nﬁaéli Tianjin

=

13- 14¢@ W%éfﬁ‘ =R E

u2013
w2014 (FRfE)
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> REENINE M2 RN, FHWEER
FIE R A ML 3N it

LREZTEM

FE
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A total of 25 sorghum samples were obtained from
9 provinces In China; and 3 sorghum samples were
purchased from the United States and Australia

teWsSBiolad TMUIDIC) http://www.mafic.ac.cn
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Table 1. Sources and physical characteristics of sorghum cultivars used in the experiment

No Source KiE Physical characteristic ) B4
' City 377 Province 4> Country EXx Color Bulk weight (g/L) -+ Thousand kernel weight (g)
Low tannin cultivars BT Bt NE ThiE
1 Chengde AP Hebei fdk China rh White H 787 34.11
2 Shenyang  ¥EPFH Liaoning iZ7 China White 696 31.03
3 - - USA £ Brown £ 741 28.01
4 - - Australia Brown 793 35.81
5 Haerbin  M3/R¥E Heilongjiang=zir China White 621 19.33
6 Fuyu B4 Jilin F MR China White 684 29.63
7 Jinzhou M Liaoning China White 77 34.02
8 - - Australia Red- '\ £L 787 36.88
Medium tannin cultivars H B LR
9 Shenyang Liaoning China Red 788 33.00
10 Binhai {E#H X Tianjin RiE China Brown 772 28.07
11 Jinzhou M Liaoning China Red 725 23.81
12 Jinzhong  HH Shanxi i7E China Red 761 30.27
13 Luzhou ¥ Sichuan Pq)1] China Red 702 32.64
14 Haerbin M/RiE Heilongjiang China Red 654 22.39
15 Jinzhong B Shanxi China Brown 714 27.80
16 Jinzhong B Shanxi China Brown 781 33.39
17 Jinzhong B Shanxi China Black & 745 29.07
18 Shenyang  ¥kPH Liaoning China Red 733 31.26
High tannin cultivars & A
19 Binhai IEHE Tianjin China Brown 691 26.88
20 Binzhou JEM Shandong 1% China Brown 643 28.12
21 Binzhou =M Shandong China Red 714 19.49
22 Jinzhong B Shanxi China Red 706 24.58
23 Mianyang  4#PH Sichuan China Red 729 20.75
24 Binzhou Y= M Shandong China Red 701 22.87
25 Fuyu A& Jilin China Red 661 27.89
26 Tongliao 117 Inner Mongoliaz# China Red 733 27.31
27 Jinzhong 9 Shanxi China Black 704 38.58
28 Chifeng 77U Inner Mongolia China Red 628 23.06




Table 2. Analyzed chemical composition of sorghum (DM Dbasis)

No Tannin DM GE, Chemical composition (%)
' % % kcal/kg Starch CP EE NDF ADF Ash P Ca
Low tannin cultivars {5225 5 KEE R HER MW UdE BRydsE  HARS T 5
1 0.02 87.92 4391 70.30 11.91 1.57 15.52 4.27 2.00 0.37 0.05
2 0.04 88.29 4435 72.71 10.90 2.63 13.74 4.14 1.95 0.35 0.08
3 0.05 87.63 4389 77.00 9.01 2.07 11.98 3.49 1.52 0.30 0.02
4 0.06 89.03 4428 71.49 10.70 2.70 13.74 3.40 1.46 0.27 0.02
5 0.07 87.94 4423 70.36 11.00 0.78 16.88 431 1.99 0.34 0.24
6 0.08 86.40 4364 76.73 8.26 2.76 12.48 3.69 1.98 0.30 0.09
7 0.12 87.53 4438 73.21 11.71 2.52 12.45 3.26 1.58 0.32 0.04
8 0.16 88.53 4412 71.05 10.93 2.59 14.04 3.71 1.59 0.30 0.04
Mean 0.08 87.91 4410 72.85 10.55 2.20 13.85 3.78 1.76 0.32 0.07
SD 0.04 0.73 24.59 2.51 1.19 0.65 1.56 0.38 0.22 0.03 0.07
Medium tannin cultivars = L5 5
9 0.67 88.71 4400 74.83 8.83 2.45 14.59 4.26 1.65 0.26 0.03
10 0.72 87.65 4455 69.72 11.20 3.08 17.10 4.99 1.77 0.32 0.03
11 0.79 87.55 4461 NN . . L \ . 0.31 0.09
12 0.82 88.92 1301 | > B LAY BN, A 3R e A 0.27 0.06
13 0.85 84.91 4467 - . . 0.34 0.04
14 0.85 a5 45 w03 | Tannin content varied in a large range, 0.31 0.05
15 0.88 88.79 4446 N1 i 0.31 0.09
16 0.91 88.38 4445 2:§ éamplueusr Were;.gll\”dego.!:gto 3 E/Lasses >0 0.25 0.09
17 0.93 88.74 4479 69.14 10.16 3.15 13.76 455 1.57 0.28 0.07
18 0.98 88.02 4440 68.47 10.54 2.90 15.66 4,92 2.07 0.36 0.05
Mean 0.84 87.71 4439 70.41 10.42 2.79 14.44 471 1.71 0.30 0.06
SD 0.09 1.35 28.66 2.14 1.26 0.49 1.60 0.52 0.20 0.03 0.02
High tannin cultivars & 5.5 5
19 1.11 87.87 4484 66.12 11.40 3.67 16.49 5.70 2.57 0.31 0.05
20 1.12 89.15 4446 63.65 13.41 2.78 15.97 5.78 2.91 0.34 0.11
21 1.15 89.17 4453 68.98 10.66 3.41 14.05 4.16 2.54 0.26 0.26
22 1.21 89.04 4445 69.20 9.51 2.04 14.63 5.17 1.77 0.28 0.03
23 1.28 85.46 4447 69.93 10.22 2.83 11.99 3.97 1.78 0.32 0.04
24 1.28 88.56 4460 68.67 10.23 2.72 14.97 5.32 2.17 0.30 0.10
25 1.35 87.45 4471 64.11 12.53 2.79 15.96 5.13 2.43 0.40 0.04
26 1.41 87.08 4383 71.49 8.58 1.81 14.82 4.60 1.84 0.14 0.07
27 1.46 87.21 4496 65.65 12.26 3.09 15.73 5.08 1.83 0.37 0.03
28 1.51 87.78 4429 68.23 10.35 1.97 14.11 4,78 1.61 0.14 0.08
Mean 1.29 87.88 4452 67.60 10.92 2.71 14.87 4,97 2.15 0.29 0.08
SD 0.13 1.11 29.52 2.46 1.40 0.58 1.24 0.57 0.42 0.08 0.07




HMEIST3E Materials and Methods

bt ———
> B BRARLEDE ;AR 22K AL
Diet: All grains were ground in a hammer mill using a 2-mm screen

° " \
d
{
b =\
;s b\
[,
i i

Ingredient | Diet HIRE
Sorghum =% 96.9
Dicalcium phosphae ek 1.7
Limestone A% 0.6
Sodium chloride =% 0.3
Vitamin and mineral premix Rk} 0.5

15
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HMEIST3E Materials and Methods

A

> ¥ 84LAJE (36.5+3.4F141.3+3.9kg) bl FACHTSE
Pigs: 84 barrows (BW: 36.5+3.4 and 41.3+3.9 kg for 1t and 2" period) were
individually housed in stainless-steel metabolic crates

> vl 28F FRBENL 4533k, Frai2its BRHIER TR, SRARHH

JEbRATRIEIR,  BE R A% IR H A% T 5 73 A L ] it

Design: 28 diets were randomly fed to 3 barrows.in each period for 6 replicates/diet in 2
consecutive periods. Each period included a 7-d adaptation followed by a 5-d total
collection of feces and urine. Pigs were fed an amount of feed equivalent to 4% of their
BW each day

UBHEEIWONL bup://www.mafic.ac.cn
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%%—'?ﬁ‘ib Results and Discussion

4000

3950 -
3900 -
3850 -
3800 -
3750 -
3700 A
3650 -
3600 -
3550 -
3500 -
3450 -
3400 -

#.4& Energy (kcal/kg)

m 11k fE DE m R4 58 ME

DE: 3933 kcal/kg;
ME: 3856 kcal/kg

oK Dk e S gl S ke S e sk doite # ok e KD b K
Sk XS e Rogdesr g asidmygm Ty Quw
% * % & ,%{4%3‘%%%&4%%%%41»1%;3*%& X g B
.v:z REE pRE A TR I

I 2 '

|

¥ aA (LTS) N 5 B (MTS) | %85 2 (HTS)

|

|

& % %4 Sorghum Cultivars '

B, TR AR (PR

Fig. 1. Digestible and metabolizable energy in sorghum cultivars (DM basis)

> DE (3520-3980 kcal/kg) FIME (3418-3905 kcal/lkg) &5 K: ARAAE: LHS>MTS>HTS
L Substantial variation; Mean DE and ME: LHS>MTS>HTS
(C4 |k

‘| hitp://www.mafic.ac.cn

Pl Dol il Selaieielielh siells  Sleieieliel DE: 3567 kcallkg;
ME: 3497 kcal/kg
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Fig. 2. Energy changes along with tannin content

teWsSBiolad TMUIDIC) http://www.mafic.ac.cn
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teWsSBiolad TMUIDIC) http://www.mafic.ac.cn
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%%Qﬂ‘iﬁ@ Results and Discussion

F4. EREERL RS R

Table 4. Correlation coefficients between chemical constituents and energy content (DM hasis)

FHIC R 20 correlation coefficient. (R)

JitH Item B g RS H&E HERN e mevbed MRS
Tannin % GE kcal/kg Starch % CP % EE % NDF % ADF % Ash %

1AL AE DE, kcallkg -0.96%* | -0!52** 0.61** <003 -0.30 -0.27 -0.69** -0.30
R & ME, keallkg -0.96** | -0.55** 0.65** _ ©-0.07 -0.30 -0.30 -0.70** -0.33
WAL BELEfBE DEIGE, % | -0.95** | -0.64** 0:68%*  -0.13 -0.34 -0.33 -0.72%* -0.32
RIFHE/ S RE MEIGE, % | -0.94** | -0.65** 0.71**  -0.17 -0.32 -0.36 -0.73** -0.35
S AETHAL A ATTD of GE, % | -0.96**+ '§-0.62** 0.68**  -0.14 -0.37 -0.31 -0.73** -0.31
RUFHENY L BE ME/DE, % 0.15 -0.25 0.42* -0.65**  0.30 -0.44* -0.11 -0.41*

> AR B8 T S e B AU R
DE and ME have a high negative correlation with tannin
teWEBielkl TWIDIL http://www.mafic.ac.cn
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Table 5. Stepwise regression equations for DE and ME in 28 sorghum cultivars (DM basis)

item Regression coefficient [7])7 &% Statistics 41124
Intercept ___Tannin % ___ADF % ____CP% __GFE kcal/kg R? C(p). RMSE, AIC
Equations for digestible energy (DE; kcal/kg) /
[1] 3944 -294 093 827 - 4141 210
SE 14.62 15.80
P-values <0.01 <0.01
[2] 4034 -272 -23.66 0.94 7.00 40.03 209 <0.01
SE 55.69 20.00 14.09
[3] 3959 -256 -44.48 14.80 0.95 3.92 37.11 206 <0.01
SE 61.52 19.85 15.99 6.57
[4] 6974 -236 -43.27 24.96 -0.71 0.96 1.64 34.35 203 <0.01
SE 1347 20.49 14.81 7.58 0.32
P-values <0.01 <0.01 <001 <0.01 0.04

Best equation: DE = 6974 — (236 X Tannin) — (43.27 X ADE).+{24.96 X CP) —(0.71 X GE)
Equations for metabolizable energy (ME; kcal/kg)

[5] 3869 -287 0.93 5.84 39.00 207 <0.01
SE 13.77 14.88

[6] 3973 -262 -21.24 0.94 3.32 36.64 204 <0.01
SE 50.97 18.30 12.90

P-values <0.01 <001 0.04

Best equation: ME = 3973 -1(262X-Tannin) — (27.24 X ADF)

> TR T T, YT TR R LT 4
Inltlal variable: tannin; Secondary variable: ADF;
L] hitp://www.mafic.ac.cn

23




R 5 28Ff i AL RE IR D R R (82)

Table 5. Stepwise regression equations for DE and ME in 28 sorghum cultivars (DM basis, - cont.)

Regression coefficient |1 2 3¢ Statistics Fcvl 220
ftem Intercept Tapnin_ADF A R2____C(p) RMSE AlC.
Equations for DE/GE (%0) 7
[7] 89.35 -7.81 0.90 245 1.22 12.84 <0.01
SE 0.43 0.46
P-values <0.01 <0.01
[10] 24128  -5.21 101 057  -0.03 096 164 ) '34.35 203 <0.01
SE 32.86 0.50 0.36 0.18 0.01
P-values <0.01 <0.01 <0.01 <001 <0.01

Best equation: DE/GE = 241.28 — (5.21 X Tannin) — (1.01X ADF) + (0.57 X CP)-(0.03 X GE)
Equations for ME/GE (%)

[11] 87.61 -7.00 089 258 1.27 15.48 <0.01
SE 0.45 0.49

P-values <0.01 <0.01

[14] 235.13 -5.09  -0.96 0.43 -0.03 095  4.56 0.91 -0.70 <0.01
SE 35.74 054  0.39 0.20 0.01

P-values <0.01 <001 002 0.04 <0.01

Best equation: ME/GE = 235.13 — (5.09X Tannin) — (0:96°X ADF) + (0.43X CP) - (0.03 X GE)
Equations for ATTD of GE(%o)

[15] 88.71 -1.17 092 179 1.05 4.85 <0.01
SE 0.37 0.40

P-values <0.01 <0.01

[17] 163.15 -6.09 " 1-0.59 -0.02 096  4.26 0.83 -6.44 <0.01
SE 26.68 0427 0.32 0.01

P-values <0.01 <0.01 0.08 0.01

Best equation: ATTD of GE = 163.15 - (6.09 X Tannin) — (0.59 X ADF) —(0.02 X GE)

teMUsBiolAd TWIDIL http://www.mafic.ac.cn
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Fig. 5. Relationships between predicted and observed values for DE using prediction Eq. [4] (A), and ME using prediction Eq. [6] (B)

B PRI L k1, P R R T0.94, TorEE T A R AR

The slopes were almost 1, and the R? values were both more than 0.94, which indicates
great accuracy in predicting DE and ME using best prediction equations

teWEBielkl TWIDIL http://www.mafic.ac.cn
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MG . BRBUEENISHIE

Summary: Prediction equation for energy

WAL BRETIIN /7 FE Prediction equation for DE: /

v' DE=3944-294 X Tannin R?=0.93
v DE=4034-272 X Tannin-23.66 X ADF R2=0.94
v DE=3595-256 X Tannin-44.48 X ADF+14.80 X CP R2=0.95

v' DE=6974-236 X Tannin+43.27 X ADF+24.96 XCP—-0.71XGE = R?=0.96

R RETH I 7 A2 Prediction equation for ME:

v ME=0.97 XDE R2=0.99
v' ME=3869-287 X Tannin R2=0.93
v ME=3973-262 X Tannin-27.24 X ADF R2=0.9

AR 2 % B LR T 5 7 Best prediction equation for energy efficiency:
v' DE/GE=241.28-5.21 X Tannin-1.01 X ADF+0.57 X CP-0.03 X GE R2=0.96
v' ME/GE=235.13-5.09 X Tannin-0.96 X ADF+0.43 X CP-0.03 X GE R2=0.95
v' ATTD of GE=163.:15-6.09 X Tannin-0.59 X ADF-0.02 X GE R2=0.96
> BT EEREIL%, R B 15200 keallkgbA b, i B LR 4 E6% L) |-

DE and ME could decrease by more than 200 kcal/kg and ATTD of GE decrease by more than 6% when the tannin is increased bg61%.

teMUsBiolAd TWIDIL http://www.mafic.ac.cn
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ftie Conclusion

> Z28M R R e 5T

B A B AR

The DE and ME content of sorghum grains (n = 28) are related to their chemical
composition and especially to their tannin content;

> BEREAAAARE BT R TR, BT B m
1% YHALAR i AEF&{R 200k cal/kgBA =, & RETH LR f&K6%0 L

The DE and ME for the 28 sorghum grains could be accurately and precisely predicted,
and DE and ME was decreased more than 200 kcal/kg and ATTD of GE decrease by more
than 6% when its tannin content was increased by 1%;

> B

BRI AEA SR

T 52 i) TRy S T AL A QT RE S B

=

1 LT DTS R

SUMLJES

T

T, ERRHER

Tannin is a key negative predictor for the DE and ME in sorghum grains, and the potent
anti-nutritional properties of tannin should not be ignored when sorghum is used as an
energy source-for pigs.

NRUBEEIVDK

tp://www. malic.ac.cn

28



FRlTer

W TEEFRY

China Agricultural University

Acknowledgments:

WERRERATT . 2 -
BRI TR e o | £
s T REI BRI FR £ 8
TS REHES AR
ERERREEIE N
FIETHRICRISTGS -
BTHRMBIER

rERREERTR | O

’ / | T -
© o R .
......

WA= e S| 2 R A Ll gV

Ministry of Agriculture Feed Industry Centre (MAFIC)

WUBHEETWINK bup://www.mafic.ac.cn



@3 %@Hm

China Agric

Thanks for your attention!
Comments are welcome!
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