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Grain Sorghum in a Kansas fie
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Kansas Grain Sorghum Mountain
Before Storage
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K-STATE

Grain Sorghum

(S

e Hardy crop with a relatively low requirement for
rainfall and/or irrigation

T R, X K 2B K B B & SR AN B

e Is an important human foodstuff in drought-prone

re lons

RfwT R X AT EE|YRIE
e Renewed interest in sorghum grain as a foodstuff for

humans and feedstuff for animals and for industrial
appllcatlons such as ethanol production

X E R T
%ﬁﬂ

Knowledge
forLife

Jiibs: apAy N )

i, BIEEAARE M. 3

PR SR RL 2 e A 7=

FTUH®RE



S

Sorghum in Animal Feeds

= RAE NS R
 Sorghum can be formulated

on a least-cost basis into

broiler, layer, duck and swine
feed

RSB DL TR AR
Sorghum can replace up to
100% corn in poultry and
swine feed
=R ] DUE & R ZE R
100% &L EK

* Non GMO FEEE R
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Some Considerations for Using Sorghum in Feeds
R AR —&EE

* Nutrients in sorghum '

R RE IR
* Processing requirements
N TESKR

* Formulation strategies

B 77 SR
F 2

g

Knowledge
forLife



=

Nutrient Advantages of Sorghum

RREEFRME

* Good source of feed energy
SRR RE R R YR

* Up to 10% more protein

than corn L E KK EEH R
FEH10%

" { * Upto50% more available

phosphorus compared to

SOKKI R RS &

corn L=

550%

— P can be expensive
B IR LA T

— Environmental issues

K .
e 3R 3% 1 1



Dry matter, % T-4J5

FNTU=A

Energy, kcal/lkg HE=
Digestible yH{LHE

Metabolizable ftij#E
Crude protein, % & H

Calcium, % %5
Phosphorus, % fif
Available P, % w]
Crude fat, % AR

Linoleic acid, % IV 2

Crude fiber, % F4F 4
NDF, % P Eveik 27 4

KnowP cfg‘ Yo P2

FRMETe R T 4k

89.0

3,380
3,340
9.2
0.03
0.29
0.058
2.9
1.13
2.4
9.4
3.8

Nutrient composition of sorghum =%
Sorghum

Corn

oK

89.0

3,525
3,420
8.3
0.03
0.28
0.039
3.9
1.92
2.2
10.4
2.6

Nutrient

Difference

EEiieis
0

-49%
-2%
+11%

+4%
+49%
-26%
-41%
+9%

-10%
+46%
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K-STATE
Corn vs Sorghum as % of Poultry NRC, 0-3wk?

ERMERRET T SNRCEREFF TR LB

Nutrient 7= Requirement, % Corn Sorghum
=55 Jualn EK (SR

Protein &EH 23.0 38 41
Arginine f&& 8 1.25 31 29
Gly + Ser HE R +24 R 1.25 57 58
Histidine & 0.35 67 65
Isoleucine =S 0.80 37 45
Leucine =& 1.20 85 98
Lysine FREER 1.10 24 20
Met + CysERER+F B RER 0.90 41 38
Phe + Tyr AR +EERER 1.34 52 62
Proline fREER 0.60 ? ?
Threonine H& s 0.80 37 37
Tryptophan B2&ER 0.20 31 41
Valine #izl8 0.90 46 50

Knowled . aAdapted from NRC (1994). All values on a 90% DM basis.
KUREINRC ( 19945EhR ) , FFEEUEET 0% T4 ER,
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Metabolizable Energy of Sorghum Compared
to Corn in White Pekin Ducks

R A TORTEAL R A Y H AR P AU e EL

AME TME
TR e EAC T RE
(kcal/kg)  (kcal/kg)

Corn 12K 3,210 3,600
Sorghum =% 3,363 3,802
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Comparmg sorghum versus other grains on Pig Performance

m RS eI IR e EL AR
1.2 - 3.5 -
3.32
11 | 3.3 3.21
3.12
1.01" 099 Haq .
m 1.0 - 0.96 =
o g 2.96
4
509 | 0.89 %2_9 i
a
<
0.8 2.7 -
0.7 \ 2.5 | | ‘
Corn Sorghum Wheat Barley Corn Sorghum Wheat Barley
Tk BR O OINE  AE K B8R NMNE KX=F

Kn(iwledge Hancock et al., 1992
ife



roller Growt

Parameter Corn
S8 EkK

0-21d BWG, g
0-21KtEE 796
0-21d Feed:gain,

g:g 0-21KRIELL 1.40
21-42d BWG, g

21-42K1EE 1674

21-42d Feed:gain,
g:g 21-42XRIELY 1.84a

0-42d BWG, g
0-42Kt8E&E 2470
0-42d Feed:gain,

g:g 0-42KRlIELY 1.69

b Values with different superscripts are significantly different (P<0.05)

Elkin et al, 2002
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815

1.36

1663

1.862P

2477

1.69

errormance

799

1.45

1702

1.873b

2501

1.74

XS A K P RE

-t

Sorghum,1 | Sorghum,2 | Sorghum,3
[SE3 ! w2 w3

802

1.30

1692

1.90P

2495

1.70



Broiler Growth Performance

Parameter Corn
S8 EkK

0-7d BWGIEE, g
0-7d Gain:feed, g:g

0-7KKI&ELY 0.835
7-14d BWGIEE, g 246
7-14d Gain:feed,

g:g 7-14K#}ELY 0.775
14-21d BWGIEE, g 365

14-21d Gain:feed,
g:g 14-21%klEEH 0.720

0-21d BWGHEE, g 711
0-21d Gain:feed,
g:g 0-21K#ELY 0.740
Nyannor et al, 2007
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Sorghum,1 | Sorghum,2 | Sorghum,3
aE1 D2 =R3

0.827
251

0.812
382

0.733
729

0.770

0.845 0.833
250 263
0.796 0.807
380 376
0.730 0.703
728 736
0.767 0.753



K-STATE

No Tannins in US Grown Grain Sorghum
& EMER RSB T

Old varieties of sorghum can contain tannin which
inhibits animal growth - to prevent wild bird damage
in fields.

EREERNERT , MHENER — IRDHESEISRENRE

US farmers are prohibited from using sorghum seed
from varieties of sorghum that contain tannin

XEARFREMESHERETINSERmM

Sorghum is grown in dry regions, has a round seed
coat so that it will not break

RRWEETRBX , AR , RIEMHF AR
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Tannins & BW Gain in Broiler Chicks

Knowledge
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BT 50 A RS Y B R

Sorg vs Tannin Sorg (P < 0.10)
TRTSEHRTERLE (P<0.10)

479

476

456

Corn Sorghum Tannin Sorghum
EX TERTER FRTER



S

Tannins & lleal Digestibility of N in Growing Pigs
B A KB R [ EL R

Corn vs Sorgs EARSERIILL (P < 0.01)

. Sorg vs Tannin Sorg TRTSZRFHRXILL (P < .01)
31.6 SE 0.5
Corn Sorghum Tannln Sorghum
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Nutrient Variability in Grain Sorghum

HRHE IR

The nutrients in grain sorghum vary to a degree, but
no more than other grains

BERNEFADSE—EEL , (BiEESHEAYER
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Sorghum Nutrient Profile B & IR

CP EE NFE Methionine
(% dry (% dry | (% dry Lysine + Cystine
matter) | matter) | matter) (% dry (% dry
HER tHiEED | TRRED matter) matter)
(%F | (%F | (%FiIKE) | HREE (% EREE+HBSR
Grain &% &) &) FHIR) [B& ( %THIR )
Sorghum, Variety 1
=SRfml 3,590 13.5 3.6 70.8 0.26 0.46
Sorghum, Variety 2
SRHER2 3,370 12.9 3.8 71.5 0.26 0.44
Sorghum, Variety 3
=SR#m3 3,290 14.1 3.4 70.9 0.26 0.47
Sorghum, Variety 4
BRFme 3,340 13.3 3.5 71.4 0.25 0.45
Sorghum, Variety 5
=RHm5 3,360 13.2 3.4 71.9 0.25 0.47
Sorghum, Variety 6
=R#$m6 3,320 12.1 3.1 73.3 0.26 0.43
Sorghum, Variety 7
=RHEm7 3,460 12.7 3.4 72.1 0.26 0.43
Sorghum, Variety 8

SRR 3,320  12.3 3.4 72.6 0.26 0.45
K};;jg)j&ee'g&ﬁauser et al, 2006



K-STATE
Corn Nutrient Profile E X E

I RIT

Methionine

EE NFE Lysine & Cystine
ME (% dry (% dry (% dry (% dry
(kcal/kg) 1 matter) matter) matter) matter)
KigigE (FF+ =

Grain &8 /aF) 1% ) ( %FHIE ) % ) s ( %TFHE )
Corn, Variety 1

ERFERL 3311 7.8 3.2 72.1 0.27 0.34
Corn, Variety 2

EXKER2 3332 8.5 3.0 73.5 0.26 0.39
Corn, Variety 3

EKFERS 3270 9.0 3.2 73.4 0.28 0.39
Corn, Variety 4

EAKEEm4A 3163 7.5 2.5 74.9 0.24 0.36
Corn, Variety 5

EKFERS 3350 7.5 2.4 73.2 0.25 0.36
Corn, Variety 6

EKFEMO 3259 8.8 2.3 72.7 0.26 0.42
Corn, Variety 7

EAREER7 3306 8.9 2.7 73.9 0.25 0.39
Corn, Variety 8

EARFEMS 3034 7.8 3.0 73.8 0.24 0.35

“orkEeson et al, 1993
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Seed Coat Color of Grain Sorghum

The

indication of nutritional value of

R F BBUE

seat coat color gives no

sorghum for feed

MER

MBSERNEREFRNESEXR




KSTALE

Food Quality Sorghums & ADG in Broiler Chicks

RERHHRRERRELFHIHEE
SE 0.9
No trt effects (P > 0.13)
29.8 29.7

28.7 29.3 20.1

Corn  Pioneer  NC+ Cargill Jowar 1
=K 8500  7W97  888Y
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STATE

Food Quallty Sorghums & DM Dig In Finishing Pigs
BRI PR R REFRR I ~%)ﬁ7i%ﬂz$

Corn vs Sorgs (P < 0.003), Pio vs Foods (P < 0.04),
NC+ vs Car & Jow (P < 0.002), Car vs Jowar (P < 0.001)

87.8
87.1 87.2 37 0

Corn  Pioneer  NC+ Cargill Jowar 1
K 8500  7W97  888Y
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K-STATE

Sorghum Seed Coat Color

P i B

e When planting modern varieties, pericarp and
endosperm color do not seem to be nutritionally
significant
MEST MR, MENMRLKBESEFRMERRAK

e Starch type/texture and protein quality/quantity are
nutritionally significant JE#RE/RMMEBQFR IR E/ &
BENEEEFRMEIEEEE

e Seed color may be important in marketing and
perception of sorghum but have no nutritional
advantages
AT BRI HEMREBEEEMN, HE5H
MERARR
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K:STATE
Sorghum Nutrient Digestibility in Poultry

RRESR TR EFRHELR

Sorghum, Sorghum, Sorghum,

Corn Variety 1 Variety 2 Variety 3
Item IiH EXK =k, Hml | S Hm2 | &, Fm3
Dry matter, %
TR 72.452 72.35? 71.473b 69.86P
Energy, % ge& 77.182 77.112 76.723b 75.28b
Nitrogen, % & 67.832 64.69b 63.19¢bc 60.68¢
Phosphorus, %
5 40.39 40.20 40.53 43.27
Calcium, % #5 58.10 60.78 56.53 55.65
ME, kcal/kg
i5ige 3,8982 3,807b 3,8273b 3,806b

ab.c\alues with different superscripts were statistically significant (P<0.05)

Nyannor et al, 2007
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A

Energy Digestibility
b W
REETHAL
* True metabolizable energy (TME) EAX T BE
— Measures the available energy for poultry of a feed

ingredient ERHRAIHAIFIBREENEE
* Usually conducted with mature Leghorn roosters
18 = FA Rk SRR Leghorn 2 XS {HEELG

TME, 1d TME,A 3 d TME,A 10d
(kcal/kg) (kcal/kg) (kcal/kg)
Grain &1 HIGHEE , 51K | BEilEE , £3X | BEillgE . 10X

Sorghum &= 3,150P 3,260P 3,320P
Corn E2K 3,520¢ 3,550¢ 3,700°

b Values with different superscripts in same column differ significantly

Sulistiyanto et al, 1999
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Amino Acid

Arginine f5&ER
Cystine BtEEg
Histidine H&E&
Isoleucine RS
Leucine =&
Lysine & ES

MethionineZEF &

Phenylalanine
AEAREL

Threonine HEEL

Valine Zi&ER
Knowieage

Sorghum
A.A.

concentration

(g/kg)
SRNREBSS

9.9
1.6
2.5
4.5

14.5

2.4
1.6

5.8
3.4
5.6

Ravindran et al, 2005

A

Sorghum

A.A.

digestibility
ERNIEEH

ke
0.80
0.80
0.73
0.80
0.84
0.76
0.87

0.81
0.66
0.78

R

Corn
A.A.
concentration

(g/kg)
ERNFEBRESS

4.1
1.9
2.5
3.1

10.8

2.6
1.9

4.3
3.5
4.4

Corn
A.A.

digestibility
ERMA[EELH

L=

0.85
0.71
0.83
0.82
0.90
0.79
0.87

0.86
0.68
0.81



K-STATE
Comparison of Corn and Sorghum the Quality of Muscle and Foie
Gras in Overfed Geese

TR R 22 I MR A5 T A J5 AR08 T i JB X L

Item T H Corn Sorghum
FK [
Number of Samples £ % 65 61
Magret (right) & Al
Magret weight, g # 5 A & 458 547
Breast Muscle weight, g o ERIE 249 249
Skin of magret weight, g R f7 & 210° 207"
Pectoral muscle color #5838 PI B &
L* B 36.82 37.52
a* 4.8 17.4 17.2
b* | 2.6° 2.4b
Foie gras #3/F
Foie gras weight, g BEfTE 910b¢ 1,026°
Foie gras color B i
L* ¥Rt 68.4 69.2
a* 4.8 12.4 12.7
b* H 23.8 18.1

a-¢Within a row, means with no common superscript differ significantly (P < 0.05)

Knowledge
frLife
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Broiler Carcass Characteristics

AR
f5it R FK

Carcass weight, g

SRS 1,614 1,657
Fillet weight, g

SRS 135 137

L*, lightness j%f& 45.39 45.57
a*, redness 41 t8 4.34 4.10
b*, yellowness &= 1.93P 4.31a

ab values with different superscripts are statistically significantly different ( P<0.05) Smith et al,
2002

Knowledge
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RS LALE

Color Sources — xanthophyl|

B IR —— T K

. 50/50 of corn/sorghum

] 7K =] /ﬁ%_.—é

* DDGS

» Marigold oil J3 7356

* Marigold leaf mea
J31 73 53 My

 Gold yeast & H}
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“Effect of grain source and fat level on backfat iodine

value BRGNS A 195 7K 1 A1 15 IR LA ) 52 i

BERA7KE , 4l
Fat level, linear (P<0.01, SE = 0.55)

69 -
rain source (P<0.01, SE =0.45
67.21 % *ii?? ( )
66.55
65.95
66 -
S 64.68
g 63.77
(@))
63 -
60.96
60
0% 2.5% 5.0% 0% 2.5% 5.0%
Corn TR Sorghum &
Knowledge Benz et al., 2010

frLife



K-STATE
Effect of Fat Source on Carcass Quality

I SRR R (4 AR O R
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K-STATE
Grinding and Conditioning Grain Sorghum

AV BRI T
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K:STATE

Partlcle Size of Sorghum and G:F in Flnlshlng Pigs

372
376

350
Corn EX%

Knowledge
forLife

[ =

RN A/NG BB EHRIR R

Linear &% (P < 0.01)

379
369
] '

Sorghum particle size, pm =2EHIA/)N



K:STATE

Particle Size of Sorghum and ADG In Flnlshlng
Pigs BmRBR /NS E R HEER KR

No trt effect (P > 0.15)

1,128
1,103 1,100

1,078

: '

1,000

Sorghum particle size, pm n%%ﬁ#jjclj\

Corn=E ¥
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Laying Hens F= 5 BEXY

* Fed mash diets in the US |

5 3% [ LR
* No grinding improvement for pelleting

— No pelleting Al %
FER & IR TH A it
e Little grinding 1R /> ff &
— Large sieve sizes Jifi fLJN K
 No need for small grinds A s E 5 40T &

— Can handle whole or coarsely ground grains

a] DLYH Ak AR 5O R 2 )

Kno ld
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Recommended Particle Sizes

BRI

* Broilers — screen size of 4-6 mm and particle size
of 600 — 900um
IR — G LN ~F4-6mm, R K 7)N600-900um

* Layers —900um &% — 900um

* Test YOUR shipment — berry size variation will
dictate choice of screen size

EHYJE R — JERPRURL R /N R g b FL RS

Knowledge
frLife



KSIALE
Can Whole Sorghum be Fed to Broilers?

SRR AR RAIVR RIS ?

Control 10% Whole 20% Whole
XS ERZH Sorghum Sorghum
10%2HiE | 20%2KinR

Gain, 763 831 820
0 to 21 days

i 4]
0-21K
FE, g/kg 717 700 701
0 to 21 days
FEHE , R/ AFr
0-21K

Kg&vzyfleedge Biggs and Parsons, 2009
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K-STATE

What are the Conditioning Effects on Sorghum for

Poultry? &RlFHZINT T2

Increasing conditioning temperatures from 65C to 95
was found to depress FCR and gain in a linear
manner (Selle, et at, 2013)

R T B MN6545% I i 2 1= 21|95 5 2= 4 1k P A1k )
BHE A A &

Increasing temps also quadratically affected N
utilization with higher temps causing a reduction

i FE R = DL LT R B m B A H 2, BB
Are sulfydryl groups getting tied up?
i A A FEAE R

Ll.l

Knowledge
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K-STATE

The Effect of Processing Method on Sorghum

TME for Poultry
I TI5 X 8RR R BB BRI R

TME1d

(kcal/kg)
Grain 34 BEfCiiaEe |

Ground Sorghum fHES2 3,360°

Extruded Sorghum, 46%
gelatinized starch

BALER | 46%RMLIED 3,318
Extruded Sorghum, 94%
gelatinized starch

BAER , 94%HIMIED 3,078b

ab values with different superscripts in same column differ significantly
Beyer, et al, 2013, unpublished lab data

Knowledge
FrLife



K-STATE

Addition of Enzymes to Sorghum Based Diets

TEH 3 HR A a4 I

* Phytase supplementation in sorghum based diets
numerically improved (not statistically different) apparent
metabolisable energy by 1.9%. (Wu et al. 2004)
= S R A S I B B mT LUK 22 WA e S 12 =11.9%

(/xﬁ gt L ZERD

* Supplementation of microbial phytase improved (P <
0.05) the digestibilities of protein and amino acids in
sorghum. (Ravindran et al. 1998)

VS Il A= Ve BRIl 2= 42 15 v S8 TR B ol R 2 R T O TH
b (P<0.05)

— Amino acid digestibility increased from 74.7 to 79.4%
RILTR R N T74. 7% 5 5)79.4%

Knowledge
forLife




K-STATE

Protease may be most Effective Enzyme for Sorghum
B BB R X E R A B

 When processed at 80C, the addition of protease
enzyme increased N dlgestlblllty in broilers.

TESOFL [CE N ThY, & HBFHIAS N2 4 = R
BB TE R

* When processed at any temperature, protease
improved starch digestion on broilers

FEATATIR N L, 5 B RS INER 2 42 = A XS

BEEE A TH AR

Selle, et all, 2013, Animal Production Science
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Limits for Sorghum in Poultry Rations

. R T DR AR

— Up to 100% of the cereal grain ration provided the diet is balanced
RECR LT, =] LUE Y H AR 100% ) A 70K U5

— 25/75 or 50/50 rations may help if you encounter a poor batch of
other cereal grain
MR EAMEMKRERE, v LI%25/75850/501] LuA4 &
"

 Layers H S

— Up to 50% of the corn fraction if the diet is balanced and no
adjustments for color are made, otherwise, many use far more if
you add xanthophylls
REE P, ] RAEAR50% ) £k, H B FAEEIM,
Rt e, WA LR K R AR

Knowledge
forLife
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Sorghum Processing Requirements for Poultry

BRI RN TEXK

e Do not over condition AN E N T

* PDI range should be closer to 80 PD
nigher

, hot

AURLIR AN S22 R FE 21 80PDI, (HANE

T

* Feed course ground grain sorghum to poultry

Zer B ISR AL ORI ) v

Knowledge
frLife



K

Limits for Sorghum in Feed Rations

* Broilers A7 '-‘Tj““ Jg?ﬁﬂﬁ*ﬁ%ﬁ&%ﬂ

— Up to 100% of the cereal grain ration provided the diet is
balanced

WE N7 FATL, =g m] DME 8 H R 100% K 458470 K 5
— 25/75 or 50/50 rations may help if you encounter a poor batch of
other cereal grain

MR L ESYEMKFEERZE, 7] LIi%25/75850/501] Hb ]
A

 Layers FX5
— Up to 50% of the corn fraction if the diet is balanced and no
adjustments for color are made, otherwise, many use far more if

you add xanthophylls
RECRE L7y, w] LA ARs0% M) oK, H AT A EEEN

&, ARSI S AR, WA BARE R EE ] A

Knowledge
forLife
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Limits for Sorghum in Feed Rations

=S8 FH TR B RS D BR )

e Ducks {5
— Up to 100% of the cereal grain ration provided the diet is
balanced
RECR LT 74T, = n] AE Y H R 100% H )4 40K

— Must account for color in foie gras products
A A P i A 2 R
« Swine J&

— Up to 100% of the corn fraction if the diet is balanced.
Must grind to smaller particle sizes

HEG BT AL, 7 LL100% B8 E K, Waiin T3
B /NSO R T

Knowledge
forLife



K

Conclusions 4512

The supplies of feedstuffs that have traditionally been used to
manufacture animal feeds are likely to change due to energy
and global food concerns

H T e AN A BN & b i BT R R E RS, fRatH T 3h)7E
BUIN TR A YRR K A A4k

Those producers who can learn to look at other feed
ingredients differently and learn how to use them will profit in
the end B £8 o B g 7 AL DR RN S S AT FH 7725 1
A7 T R R 3R 2

Grain Sorghum will be competitive with corn at times for use
in poultry feed rations

e R O B R H AR R IR se

Knowledge

forLife



