Effects of Grain Sorghum on Pig Performance and
Carcass Traits

R SR A 7 1 e B A TR B RS g

Bob Goodband
Goodband@ksu.edu
KSUSwine.org
PR PN 37 K 2

e oo B

'

K-STATE

Research and Extension

Knowledge

for| 1fe



Use of sorghum in swine diets
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Background on Sorghum

SN CIE A
e Sorghum grain is an excellent energy source
o R MR REE KT
e Can completely replace the corn in swine diets.
- fERERIY, ERpEEEaEBENAEK
* The keys to using grain sorghum in swine diets is
recognizing:
o JEORRH S FH S A
— Slightly lower energy value compared with corn (98%)
— BEE L EOKMK— A, LN TOKRE=E R 1198%
— Need for proper grinding
— TESEIR MR

— Capitalizing on its standardized ileal digestible amino acid profile
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Nutrient composition of sorghum
I_J?IQIZI%}EE/\

Sorghum =% CornEK Sorghum:corn
R AR S
+¥I5 Dry matter, % 89.0 89.0 100%
AEH: Energy( TF/kg)
{H{t.5E Digestible 3,380 3,525 96%
Hisfee Metabolizable 3,340 3,420 98%
HER
Crude Protein % 9.2 8.3 111%
FEJ Calcium, % 0.03 0.03 100%
Wk Phosphorus, % 0.29 0.28 104%
A] H#fAvailable P, % 0.058 0.039 149%
HLIE N Crude fat, % 2.9 3.9 74%
Il E2Linoleic acid% 1.13 1.92 59%
FL4F4f:Crude fiber, % 2.4 2.2 109%
HhME YRR A 4ENDF, % 9.4 10.4 90%
i M a4 4T 4EADF, % 3.8 2.6 146%
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Corn K Sorghum 5 3

Corn FoK 73.33
Sorghum %ﬁé --- 75.02
Soybean meal E*ﬂ 23.84 21.77
Monocalcium P B8 — 4% 0.60 0.55
Llys-HCL  L-FAE BR Eh AR £h 0.30 0.40
DL-Met DL-FR 2 [ig 0.05 0.11
L-Thr L-75 2R 0.08 0.10
L-Trp L- A% IR 0.01 0.02
Vitamin & minerals

YA AN W R 1.80 1.85
TOTAL Mt 100 100
Lysine, % MR % 1.00 1.00
Isoleucine:lysine

SRR MUER 62 63
Met & cys:lysine

ERIRINE MR : R 55 55

Threonine:lysine 7 1R : #i = R 61 61
Tryptophan:lysinett & 12 : i R 18.5 18.5
Valine:lysine 4% 1%: iz 69 6

Ca, % 5 %




Available Phosphorus in Sorghum

* Because grain sorghum contains more
available P than corn, the amount of
monocalcium P added to diets can be
reduced by resulting in less P excretion
In swine waste.
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Sorghum vs Corn 51 %254 oK

(finishing research Hiff 53 7 A 5E Bl
e 10 experiments before 1985 (Cromwell, 1985)

— 854 HiA 105
e 9 experiments after 1985 (Sulabo, 2010)
— 854F J5 4915

Sorghum value relative to corn

e AR T KR UME

Cromwell Sulabo
H 254 5
ADG 98% 103%
H¥ R & &
ADFI 102% 106%
B E LY
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Relative value (%) of sorghum versus corn in finishing pigs

HATREIEEHENE (%) SREEK

ADG ADFI

StUdy H %) H %) F/G Reference

X BE RAeR REI 5%
1 104 109 96 Brand et al. (1990) variety 1
2 102 108 95 Brand et al. (1990) variety 2
3 98 104 95 Hancock et al. (1992)
4 106 106 100 Johnston et al. (1998)
5 104 109 95 Shelton (2004) waxy
6 106 114 93 Shelton (2004) Non-waxy
7 104 100 104 Issa (2009)
8 99 100 100 Seaboard Farms (2010)
9 106 105 101 Benz et al. (2010)

Average J-¥) 103 106 98
Crﬁwell (1985) 98 102 97 10 exp summary
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Influence of Grain Source on Nursery Pig

Performance
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Effects of grain source, genotype and particle size on pig

performance
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Effects of Grain Genotype and Particle Size
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The effects of sorghum on nursery ADG

(d 0 to 34)
525 |
Grain source P =0.60
SED =20.4
3475 466 471
00
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The effects of sorghum on nursery feed intake
(d 0 to 34)

Grain source P=0.14
SED=31.5
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The effects of sorghum on nursery feed efficiency

T (d 0 to 34)
. Grain source, P < 0.05
1.80 SED =0.03
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Finishing Pigs
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Influence of Grain Source on Pig Performance

//\\ Y Y 1. J -‘Ab_@/
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Effect of grain source and
fat level on ADG
DR AN G W72 B T H 353 EE 52

1.04 | Fatlevel, linear (P<0.01, SE =0.02)
IEUiEE, %4 101
1.01 - Grainsource (P<0.01, SE=0.01) :
BOEIR 0.99
0.98 - 0.97
0.95
R 095
- 0.93
> 0.92 -
0.89
0.89 -
0.86
0% 2.5% 5.0% 0% 2.5%
R Corni* Sorghum f%ﬂﬂ
Benz et al., 2010
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Effect of grain source and fat level on F/G

AN RAFEAN i 55 Xt TRk B EE R 52

Fat level, linear (P<0.18, SE =0.01)

3.00 - ‘
HEIH l:l%’ g‘o‘ﬁ
Grain source (P<0.90, SE =0.01)
290 - 286 2.86 e
5 2.80 | 2.78
-1
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é_‘l?gz.?o -
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O
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Effect of grain source and fat
level on backfat iodine value

AN RAFEAN i 15 Exd 15 i W B 2 i

69 Fat level, linear (P<0.01, SE = 0.55)
AR S
66.55 67.21 Grain source (P<0.01, SE = 0.45)
' BYRR

+§ 65.95
< 64.68
i
N 77 .
B 63.

63 -
S
S 60.96
2
2 60

0 50 0o 0 o o0
R Corn E XK o

Benz et al., 2010



Effect of Fat Source on Carcass Quality

A BT SRR T A4 o B 5
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Effect of grain source and fat level on backfat
percentage 18:2 fatty acids

BN RIE AT g B & w1 Ha W Ee s 18:2 ig 7 R 1) 52
]

16 - Fat level , linear (P<0.06, SE = 0.32)
[EiEgE £
14.83 14,55 Grain source (P<0.01, SE = 0.26)
: BYER
14 | 1381
13.29
o\°
12.5
12 -
11.06
10
0% 2.5% 5.0% 0% 2.5% 5.0%
= CornE% A 5 i
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Amino Acid Profile of Sorghum

VA T HL IR VR L
E R I R Ty Rl
(Percentage Relative to Lysine, 5 ¥z ik L 51 5< 2 SID basis)

Amino Acid, % Sorghum Corn
RIEIR %6 eI S9N
Lysine i 2 iR 100 100
Isoleucine S = IR 190 124
Leucine =AM 679 451
Methionine HAR 85 81
Met + CysER IR I -F 2= R 167 163
Threonine AR 152 117
Tryptophan TR R 35 26
Valine AN, 239 168
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Amino Acid Profile of Sorghum
LR E]

=

B T =
BN

(standardized ileal digestibility coefficients)*

Total amino acids, % Sorghum Corn

N R %6 = oK
Lysine i 2 iR 0.20 (74) 0.25 (74)
Isoleucine S R 0.36 (78) 0.28 (82)
Leucine = 1.21 (83) 0.96 (87)
Methionine HAR 0.16 (79) 0.18 (83)
Cysteine Bt = iR 0.18 (67) 0.19 (80)
Threonine DN 0.30 (75) 0.28 (77)
Tryptophan TR R 0.07 (74) 0.06 (80)
Valine AN, 0.46 (77) 0.38(82)

* NRC, 2012
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Amino Acid Profile of Sorghum
= VN = H mR R
B R B AR TR

* Relative to lysine, several essential amino acids are greater in
grain sorghum than in corn.

— X TR, ERA ML FHEEREN S E
=Rk
* As a result, we can use proportionately more L-lysine HCL and
take advantage of the greater amounts of other amino acids.

~ R, AU LR B B A L,
AP LR SR 5 1R
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Procedures £/
* A total of 300 pigs with 5 pigs per pen and 10 pens per treatment, 11 to 23 kg
« —JHL3003k%E, EAESSk, BERAMRI0MEE, 11-234 7
* All diets were formulated to the same Lys:NE ratio.
o B RIS 7 & 4 MR [R] — > Mz I/ 1+ e B 1)
* 2 x 3 factorial: 2X3F/1 3¢
* Sorghum vs. corn B EXK

* Amino acid supplementation (low, medium, or high).
f= 2y -
o TN (K, S, &
* Low amino acids: L-lysine HCl and DL-methionine.
o [REFMR — L — A AR L th e DL— FH =K
* Medium amino acids: L-lysine HCIl, DL-methionine, and L-threonine
o R —L— LR BIL L, DL—HEAK, L—ha ik
* High amino acids: L-lysine HCI, DL-methionine, L-threonine, and L-valine.
c HEAER: LA IERL, DL—EAK, L—HEE, L—40
% TR
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Effect of Grain Source on Average Daily Gain and Feed Efficiency — 11 to 23 kg Pigs

BYRIEX T H B E KRR —11-23A T 54

500 No differences 500 No differences
476 476 1.54 1.53
475 - 1.50 - -
450 - 1.00 - -
2 0.50 -
Sorghum  Corn
400 - AP
H¥E, %
F/G
Sorghum Corn L5 W,
= - Knowledge
T Jordan et al., 2014 ferLife
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Effect of Amino Acid Supplementation on Average Daily Gain and Feed
Efficiency — 11 to 23 kg Pigs (11-23 A7)

- H 2938 B KRR IR

REERAD TN -

2.00
No differences
TR
480 27 1.50 -
i 472
1.00 -
- 0.50 -

Low i Medium  High &

e

)

Jordan et al., 2014

No differences
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1.53 1.51 1.55

Lowft Medium¥ High&
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Procedures F& %

* A total of 288 pigs with 8 pigs per pen and 6 pens per treatment, 90 to 132 kg
- 372885k, A8k, MMM, 90-1324 /T
* All diets were formulated to the same Lys: NE ratio.
o VARIEC T AR 4% I [F] — AN R /19 RE L B
* 2 x 3 factorial: 2x3 [/ 3¢
* Sorghum vs. corn B EXK

e Amino acid supplementation (low, medium, or high).
f= 2y e

- JARAN T (K, ', ®mD
* Low amino acids: L-lysine HCl and DL-methionine.

= R | — = 7 A — =R
o [RE MR —L— =L Eh L £h A DL— A&
* Medium amino acids: L-lysine HCIl, DL-methionine, and L-threonine

/:“ D J— _/:“ 7 75 —_— b‘ fi —_— /:“ fi
o HEFRR —L— A AL L, DL—FHZAMR, L—HEAR
High amino acids: L-lysine HCI, DL-methionine, L-threonine, and L-valine (milo) or
L-tryptophan (corn).
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Effect of Grain Source on Average Daily Gain and Feed Efficiency — 90 to 132 kg Pigs
BYIRIEXT T H 334 B K PR S R RIS 90-1324 [T ¥4

950

3.00
- P<0.07 -
1
292 P<0.01
900 - 894 — 2.90 -
875 — 2.84
850 - - 2.80 -
825 - -
300 2.70 -
Sorghum Corn Sorghum C?rn
ADG, IbH ¥ E, B F/GRLE Y
= Knowledge
T Jordan et al., 2014 ferLife




Effect of Amino Acid Supplementation on Average Daily Gain and Feed
Efficiency — 90 to 132 kg Pigs

FEBAM X T H 28 B LA R KIS 90-1324 Fr ik

1.00
X Quadratic, P < 0.05 —
0.95 0.94 590 - 2.90
0.91
0.90 - 2.80 -
0.85 - 2.70 -
0.80 - 2.60 -
0.75 - 2.50 -
Lowfk Medium Highrs; Lowft Medium™  High/
s> ADG kgHIMIE, T F/Gilﬁr:ﬁ:tlz_
K.STAT Jordan et al., 2014
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Effect of Amino Acid Supplementation on lodine Value — 90 to 132 kg Pigs

. O’éi%@ﬁ%%ﬁ:*ﬁﬂﬂfﬁﬁ@%ﬁﬂﬁ 90-132 JT ¥4
Sorghum vs Corn, P<0.01
69.0 68.8 689 -
67.9 67.9
v 67.3
67.0 - -
650 ~ |
Low{lk. Medium High'si  Lowfk Medium™¥ Highs
K S%TE Sorghum Knowledqe

Jordan et al., 2014 Life




Sorghum Summary

W?lﬁ/ué:k

* Take advantage of sorghums digestible amino acid
pattern relative to corn.

y i’{ 1= SEAE T E AR 2 R T T AR T ORI A

* Allows more crystalline lysine to be used, yet still
meets other amino acid requirements.

-%ﬁ*m%%ﬁm,ﬁf e e m AR
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Sorghum for sows
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Relative value of sorghum vs corn (%)
for lactating sows

Louis et Johnston et Sotak et
ltem al., 1991 al., 1998 al.,, 2012 Average
Sow performance
Lactation ADFI 90 102 104 99
Lactation weight change 90 62 74 75
Wean to estrous interval 94 111 NA 103
Litter performance
Litter size born alive 108 102 99 103
Litter size at weaning 103 99 99 100
Litter BW at birth 99 101 99 100
Litter BW at weaning 93 98 98 96
Litter BW gain 92 97 94 94
o
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The effects of grain source on ADFI of lactating sows
(d 0 to wean)

7.0 Grain source, P =0.15
SED = 0.17
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The effects of grain source on lactation weight change

0
o]0)
Y4
g 4 -
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c  -16 14.3
.g Grain source, P < 0.04
5 20 - SED = 1.83
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The effects of sorghum DDGS on survivability

Grain source, P=0.70

SED =1.27

100 -
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S 95 93.3
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The effects of sorghum DDGS on litter weaning weight

Litter weaning wt., kg

76
74
72
70
63
66

Grain source, P =0.46
SED =2.90

e 73.4

Corn Sorghum
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The effects of sorghum DDGS on pig weaning weight

Grain source, P=0.46
SED =0.43

6.27 6.26

Pig weaning weight, kg
(@)

Corn Sorghum
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The effects of sorghum DDGS on litter weaning weight gain

Grain source, P=0.20

SED =3.54

60 -
o]0]
-~ 55.4
= 55 - 54.0
o]0)
=
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Effects of Sorghum Color for Swine

White  Lemon Yellow
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The effects of sorghum color on ADG

550 - No Differences

525 -
503 508
200 - 485
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450 -
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Average Daily Gain, g
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B Jones, et. al. 2000
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The effects of sorghum color on

feed efficiency

No Differences

1.40 -
>
S 1.30 - i
Q .
3 1.23 1.23 191
m 1.20 -
©
Q
Q
L 1.10 -

1.00

Corn Mill run Red White

R’ Jones, et. al. 2000
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Why do we see the improved feeding value of grain
sorghum than in the past?

NAT AN TE B e ] AT A i 248 v T W ?

e Better sorghum varieties — improvement in plant
genetics

o FEUF A — R A DR )

* Feed processing — understanding the importance of
particle size

o TRPEUIN T — 1 MR ORLEE ) EE B

* Amino Acids —the use of standardized ileal digestible
amino acids in diet formulation

B E M Ty SRR
25 AR
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Sorghum Summary
?lﬁ/ué:k

* Take advantage of sorghums digestible amino acid
pattern relative to corn.

o P TR SR AE ATV A 2 R 7 TR R B3

* Allows more crystalline lysine to be used, yet still meets
other amino acid requirements.

» MM EIERR, (HibZh e e/ 2R K.

* Feed processing critical to effectively use sorghum as an
alternative to corn-based diets.

© N T HABHIHERZENEAK, RN TEARIRIH .
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Sorghum for Swine Diets
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