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DDGS has become a highly valued feed ingredient for
all species around the world
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Production, exports, and use of DDGS in swine and
poultry diets has increased dramatically

Tonnes
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DDGS is a high energy ingredient
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DDGS is an excellent source of digestible protein and
amino acids
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DDGS contains more digestible phosphorus than any
other grain or grain by-product
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Estimates of relative bioavailability and digestibility of
phosphorus in DDGS for swine

e Relative bioavailability of phosphorus in DDGS
* vs. monosodium phosphate
» 77 to 84% (Fent et al., 2004; Jenkin et al., 2007)

 vs. dicalcium phosphate
 86to 88% (Baker et al., 2013)
* 89% (Whitney and Shurson, 2001)

e Standardized total tract digestibility (STTD) of phosphorus in DDGS

* 63% (Baker et al., 2013)
* 73% (Almeida and Stein, 2010)
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e vs. JUBE_RHK
« 86~88% (Bakeris, 2013)
¢ 89% (Whitney &Shurson, 2001)

* DDGSIZEEND)VDIZEZEEILEHILEHIEZE(STTD)
* 63% (Baker 5. 2013)
e 73% (Almeida&Stein. 2010)



Comparison of total and true digestible phosphorus of

feed ingredients for poultry
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Nutrient content of DDGS varies among sources

Analyte, % (dry matter basis)

Crude protein 26 — 35
Crude fat 5-13
Neutral detergent fiber 27 - 51
Starch 1-4
Ash 4-5

Meloche et al. (2013)
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Energy, digestible amino acid, and phosphorus content for
swine varies among DDGS sources

_ NRC (2012) Range of published values

ME, kcal/kg 3,396 2,917 - 3,872

NE, kcal/kg 2,343 1,797 - 2,603 806
SID Lys, % 0.55 0.20-0.82 0.62
SID Met+Cys, % 0.79 0.58-1.26 0.68
SID Thr, % 0.70 0.48-1.46 0.98
SID Trp, % 0.14 0.06-0.22 0.16
STTD P, % 0.39 0.41-0.75 0.34

All values on an as-fed basis (89% DM)

An average NE value of 2,120 kcal/kg may be appropriate to use for most DDGS sources.
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_NRC@OI) 5 % (B0 _

RETRILX—(ME)kcal/kg 3,396 2,917 - 3,872

IEBR TR JLF—(NE) kcal/kg 2,343 1,797 - 2,603 806
EZEMpEHEIEE(SID) 0.55 0.20 - 0.82 0.62
)oY %

SID AFA =+ RAFY % 0.79 0.58-1.26 0.68
SID LA =V % 0.70 0.48 - 1.46 0.98
SID NUTRI7PY % 0.14 0.06 — 0.22 0.16
STTDYY % 0.39 0.41-0.75 0.34

TARTDEIZBEYIEESA—X (29 (DM)89% )
EHIEBRT R )L —IM2,120 keal/kg [T RFDEIETDDDCSHERIZEL TLNSRIEEMEZERIE S B,



Energy, digestible amino acids and phosphorus content for
poultry varies among DDGS sources

_ NRC (1994) Range of published values

AME, kcal/kg 2,480 1,764 — 3,245
TME, kcal/kg 3,097 Not determined
SID Lys, % 0.49 0.16-0.84
SID Met, % 0.50 0.22-0.71
SID Cys, % 0.31 0.22-0.69
SID Thr, % 0.66 0.36-1.10
SID Trp, % Not determined 0.08-0.26
True digestible P, % Not determined 0.591

(Total P = 0.72, Non-phytate P = 0.39)

All values on an as-fed basis (89% DM)

!Based on 0.82% total P x 73% digestibility (Mutucumarana et al. (2014)



BTN ELBDDGSDREIZEITS
IRIILE— TALHIE7Z7S/BELIVTI U SEDIELDE
| NRC(1994) | RREOEE

BT RILF—(AME) 2,480 1,764 — 3,245
kcal/kg

EDRHIRILX—(TME) 3,097 F—A1zL

kcal/kg

SDYPY % 0.49 0.16 - 0.84

SID AFA =2 % 0.50 0.22-0.71

SIDAF % 0.31 0.22-0.69

SID LA =2 % 0.66 0.36-1.10

SID NUTRI7Y % T—313L 0.08 —0.26

EDTHIEYY % F—A1iL 0.591

(#1)> =0.72.
FET1F 8 =0.39)

ITARTDEIFRYIEEN—X (89% DM)
145 1)> 0.82% X AIGHIEE73%(ZE D< (Mutucumarana & (2014)



Metabolizable energy (ME) content is poorly correlated with
crude fat content of DDGS sources for swine
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Apparent metabolizable energy (AME, ) content is poorly

correlated with crude fat content of DDGS sources for poultry
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Color is not an accurate indicator of amino acid digestibility among
DDGS sources
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Lysine: Crude Protein > 3.10% (acceptable for poultry, swine, and aquaculture)
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Color is poorly correlated with amino acid digestibility among
DDGS sources for swine
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Color and crude protein content are poorly correlated with amino
acid digestibility among DDGS sources for poultry

Correlation coefficient Amino acid | Crude protein | ADICP NDICP Pepsin Color
digestibility digestibility

amino acid digestioiiey 100 | I I I

Crude protein -0.12 1.00 ----
ADICP 0.29 0.32 1.00 ---
NDICP 0.04 -0.50 0.05  1.00

Pepsin digestibility 0.52 0.06 0.18 0.16 -
Color 0.16 -0.65 019  0.61 0.15 1.00

14 DDGS samples (Hunter L* ranged from 47.6 to 57.4)

Amino acid digestibility determined using cecectomized rooster assay and ranged from 73 to 83%
Color explains only 2.6% of the variability in amino acid digestibility

Source: WRINKLE — POET Nutrition (March, 2018)
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ADICP 0.29 0.32 1.00 ---
NDICP 0.04 -0.50 0.05  1.00 -
RFL P 0.52 0.06 0.18 0.16 1.00 -
fa 0.16 - 0.65 -0.19 0.61 0.15 1.00

140 DDGS H> T )L (1\3—L* DERF: 47.6 ~ 57.4)
BHEUIRBRL-HEBIC LR EEERANTI3~83%DAIEE B CHREELI-7I/EEEIER
DDGSDEBRANSHIMICELDIITI/BELEDIESDOETDEN2.6%IZFFLLY

Hi #8 : WRINKLE — POET Nutrition (March, 2018)



Accurate energy and digestible amino acid values of DDGS sources
can be determined using validated prediction equations
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Metabolizable energy (ME) content of DDGS sources for swine can
be accurately estimated

Digestible energy (DE), kcal/kg = - 2,161 + (1.39 x Gross energy, kcal/kg) — (20.7 x % NDF) — (49.3 x % Crude Fat)

ME, kcal/kg = - 261 + (1.05 x DE, kcal/kg) — (7.89 x % Crude protein) + (2.47 x % NDF) - (4.99 x % Crude Fat)

Urriola et al. (2014)
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Al ;H1E TR JLE— (DE), keal/kg = - 2,161 + (1.39 x AT R JLF¥—, kcal/kg) - (20.7 x % FETE—2 > Mk
(NDF)) - (49.3 x % FH A5 )

ME, kcal/kg = - 261 + (1.05 x DE, kcal/kg) - (7.89 x % $232>//\V &) + (2.47 x % NDF) - (4.99 x % FHAg A)

Urriola et al. (2014)




Net energy (NE) content of DDGS sources for swine can be
estimated from nutrient composition

NE, kcal/kg = - 1,130.5 + (0.27 x Gross energy, kcal/kg) + (23.86 x % Crude Fat) — (10.83 x % NDF)

R?=0.99

Wu et al. (2016)
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NE, kcal/kg = - 1,130.5 + (0.27 x #8TR JLX—, kcal/kg) + (23.86 x % JHAE ) — (10.83 x % NDF)

R?=0.99

Wu et al. (2016)




AME, content of DDGS sources for poultry can be accurately
estimated from chemical composition

AME, kcal/kg = 3,673 - (121.35 x Crude fiber) + (51.29 x Crude fat) - (121.08 x Ash)

Meloche et al. (2014)
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AME, kcal/kg = 3,673 - (121.35 x $R###E) + (51.29 x $BAEA) - (121.08 x $H[R57)

Meloche et al. (2014)




Standardized ileal digestible (SID) amino acid content of DDGS for
swine can be accurately predicted

SID Lys, g/kg = -1.03 + (Lys, g/kg x 0.88) — (NDF, g/kg x 0.003) R’ =0.98
SID Met+Cys, g/kg = 0.05 + (Met+Cys, g/kg x 0.92) — (NDF, g/kg x 0.005) R’ =0.99
SID Thr, g/kg = 1.30 + (Thr, g/kg x 0.64) — (ADF, g/kg x 0.028) R*=0.99
SID Trp, g/kg =-0.17 + (Trp, g/kg % 0.89) R*=0.99
SID Leu, g/kg = 0.30 + (Leu, g/kg x 0.90) — (ADF, g/kg x 0.018) R’ =0.97
SID lle, g/kg = 0.07 + (lle, g/kg x 0.90) — (NDF, g/kg x 0.005) R*=0.99
SID Val, g/kg = -0.49 + (Val, g/kg x 0.87) — (ADF, g/kg x 0.070) R*=0.99

*Values on 88% DM basis

Zeng et al. (2017)



DDGSDKIZH T HIRZERI BB R E1E (SID)
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SIDJPY, g/kg =-1.03 + (YD, g/kg x 0.88) - (FHETA—T 2 MiE#E, g/kg x 0.003) R’ =0.98
SID AFH =+ RAF 2, g/kg = 0.05 + (AFF =+ AF 2, g/kg x 0.92)
— (FETFR—2 U MNlE#E, g/kg x 0.005) R*=0.99
SID LA =Y, g/kg =1.30 + (LA =2, g/kg x 0.64) — (BBIE T2 —2 2 ME#HE, o/kg x 0.028) :
R*=0.99
SID RUFRI7Y, g/kg = -0.17 + (FUTR I 7, g/kg x 0.89) R’ =0.99

SID ALY, g/kg = 0.30 + (A€, g/kg x 0.90) - (BIETA—T o Mk, g/ke x 0.018) R’ =0.97

SIDAYAAYY, g/kg =0.07 + (AVBAAI Y, g/kg x 0.90) - (R ETF—T 2 ME#E, g/kg x 0.005)
R*=0.99

SID 7\, g/kg = -0.49 + (N2, g/kg x 0.87) - (BBRMETA— U Mk, g/kg x 0.070) R’ =0.99
*E2¥88% MIHE DIE Zeng et al. (2017)



Standardized ileal digestible (SID) amino acid content of DDGS for
broilers can be accurately predicted

SID Lys, % = - 0.22 + (0.91 x Lys, %) R*=0.87
SID Met, % = - 0.12 + (1.05 x Met, %) R*=0.90
SID Cys, % = - 0.07 + (0.88 x Cys, %) R* = 0.87
SID Thr, % = - 0.17 + (0.88 x Thr, %) R*=0.84
SID Trp, % = - 0.03 + (1.00 x Trp, %) R*=0.99
SID Arg, % = - 0.20 + (0.96 x Arg, %) R’ =0.95

Zhu et al. (2017)
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SIDJPY, %=-0.22+(0.91x U, %)

SID A*FA =2, %=-0.12 + (1.05 x 2*FA =2, %)

SID VAF2, % =-0.07 + (0.88 x VAF2, %)

SID LA =2, % =-0.17 +(0.88 x FLA =2/, %)

SID NJTRI7, % =-0.03 + (1.00 x YU TR I7Y, %)
SID 7IL¥ =2, %=-0.20 + (0.96 x FILFT =2, %)

Zhu et al. (2017)

R*=0.87
R =0.90
R*=0.87
R =0.84
R*=0.99

R’ = 0.95



“Disconnect” between price and value

Market Purchase Price Animal Feeding Value
Crude protein

Crude fat

Metabolizable or net energy
Digestible amino acids

Digestible phosphorus
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Economic value of DDGS in animal diets is greater than
market price

Crude protein, % 26.6 25.7 +0.4
Crude fat, % 5.8 8.7 -2.9
“Profat”, % 32.4 34.4 -2.0
Crude fiber, % 6.7 7.1 -0.4
Nutritional value for swine, S/MT 279 219 +60

Prices used in comparison:
DDGS spot price = $182/MT
Corn price = $138/MT
Soybean meal price = $343/MT
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A NIE % 26.6 25.7 +0.4
BT % 5.8 8.7 -2.9
(7o27yb (208 +FHE) 1 % 32.4 34.4 -2.0
FHERE % 6.7 7.1 -0.4
BKICHE 5 L= DR E(M $/MT 279 219 +60
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R4 = $343/MT



Metabolizable energy and digestible amino acid content is poorly
correlated with crude protein and crude fat content of DDGS

ME, kcal/kg 3,180 3,001 +171
NE, kcal/kg 2,278 2,141 +137
SID Lys, % 0.63 0.45 +0.18
SID Met, % 0.58 0.42 +0.16
SID Thr, % 0.86 0.62 +0.24
SID Trp, % 0.17 0.14 +0.03

Avail. Phosphorus, % 0.65 0.66 -0.01
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3,180
2,278

ME (fREHITRILF¥—), kcal/kg
NE (IEBE TR JLFX—), kcal/kg
SIDYTY, %

SID AFF =2, %

SID LA =2, %

SID RUTR TP, %

a2, %

0.63
0.58
0.86
0.17
0.65

3,001
2,141

0.45
0.42
0.62
0.14
0.66

+171
+137
+0.18
+0.16
+0.24
+0.03
-0.01



Cost savings of a 4-phase swine grower-finisher feeding program
using DDGS at average ingredient prices in 2018

200
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150 - 50 -
40 -
0% DDGS Il 0% DDGS
s 100 - m30%DDGs  ° 30 m 30% DDGS
@ 60% DDGS 20 - @ 60% DDGS
50 -
10 -
o 0 Feed cost/pi
Feed cost/ton eed cost/pig
Feed ingredient prices Feed cost/pig
- corn ($129/ton) - 113 days on feed
- soybean meal ($341/ton) - 581 Ibs feed consumed/pig

- DDGS ($142/ton)
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Opportunities for feed cost savings/pig from feeding DDGS diets
to growing-finishing pigs in 2018

Ingredient prices 30% DDGS 60% DDGS

Highest -$4.42 -$1.43 - $5.85

Average - $4.46 -$1.52 - $5.98

Lowest -$6.33 -$4.36 - $10.69
S/ton Highest Average Lowest
Corn 144 129 125
Soybean meal 388 341 313

DDGS 172 142 111
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Feed cost savings is driving the use of higher DDGS inclusion rates
in growing-finishing pig diets in the U.S.

12 100
90 -
10 20
8 70 -
60 -
6 m30%DDGS 50 -
4 m60%DDGS 40 -
30 -
2 20 -
0 - 10 -
ADG ADFI G:F BWCVon 0 -
d 152, % HCW, kg Yield,% BF depth, Loin depth,
Grower-finisher (d 56-155) mm mm

1,860 pigs in commercial facility

abMeans with different letters differ (P < 0.05)

Weber at al. (2015)
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Common dietary DDGS inclusion rates in U.S. commercial swine diets

Production phase Diet inclusion rate, %

Starter (> 7 kg BW) 5-20
Grower 10-30
Finisher 10-30
Gestation 20-50

Lactation 10-30
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ShESRA(> 7 kg BW) 5-20
=gt 10 - 30
=+ E#A 10 - 30
bEoRAA 20 - 50
AHEL A 10 - 30




Potential inclusion rate and feed formulation constraints for DDGS
in swine diets

Potential constraint Potential outcome

Excess Leu/BCAA imbalance  Reduction in growth performance at high (> 30%) inclusion rates without amino
acid adjustments

High oil content Reduced pork fat quality at high(> 30%) inclusion rates due to linoleic acid
deposition in adipose tissue

High NDF content May limit feed intake in growing pigs at high (> 30%) inclusion rates due to gut fill
and may reduce carcass dressing percentage

Pellet quality/mill throughput Low starch, high fiber and oil content reduces PDI and mill throughput when
added at high inclusion rates

Mycotoxins Generally not a concern unless adverse corn growing or harvest conditions
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n = 180 corn samples
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<2 ppm <5ppm

Source: 2019/2020 U.S. Grains Council Corn Quality Report

100

Prevalence and concentrations of mycotoxins in 2019 U.S. corn

Fumonisins

<5 ppm >5ppm >10 ppm >30 ppm
<9.9 ppm <30 ppm
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<0.5 ppm>0.5 ppm >2 ppm >5ppm
<2 ppm <5ppm

Hi #8 : 2019/2020 U.S. Grains Council Corn Quality Report
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Summary of growth performance responses with increasing DDGS
inclusion rates in nursery and growing-finishing diets

Diet DDGS inclusion rates

<12.5% 15 to 20% 25 to 30% > 30%
100
80 -
60 -

B % increased or
40 - no change
0 _
ADG ADFI G:F ADG ADFI G:F ADG ADFI G:F ADG ADFI G:F
n=13 n=27 n =47 n=9

96 observations from 27 published studies since 2010
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Effects of feeding DDGS on carcass characteristics
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Feeding 30% DDGS diets reduces carcass yield

100
90 d
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

H 0% DDGS
@ 30% DDGS

HCW, kg Dressing, % Viscera, kg

Overholt et al. (2016)
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imEBAEE(HCW) kg B % Afig& kg

Overholt et al. (2016)



Feeding DDGS diets to
growing-finishing pigs
does not affect meat
quality and eating
characteristics
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Fresh belly from feeding corn-soybean meal diets Fresh belly from feeding 30% DDGS diets

Managed by:

* Feeding reduced-oil DDGS sources

* Withdrawal of DDGS from the diet before slaughter

* Formulating diets to control total PUFA intake

* Limit diet inclusion to 20%

* Using pork fat IV prediction equations

* Supplement diets with Lipinate™ or conjugated linoleic acid (CLA)
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Swine health benefits
of DDGS
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DDGS contains important natural antioxidants that are effective
in reducing oxidative stress

140 700
120 600 -
100 500 -
H Corn
80 Il DDGS 400 -
E Corn
60 300 - B DDGS
40 200 -
20 100 -
0 - 0 -
Antioxidant Total Total ferulic Lutein Zeaxanthin
capacity tocopherols acid ug/kg DM

Mmol eq./kg DM mg/kg DM

Shin et al. (2016)
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Feeding DDGS improves oxidation status in pigs

Serum TBARS

4.0
3.0
MM 2.0
1.0
0.0
[0 CON/No-E
B CON/10X-E
O DDGS/1X-E

Song et al. (2013)

W CON/1X-E
[0 DDGS/No-E
0 DDGS/10X-E

4.0

3.0

ug/mL 2.0

1.0

0.0

Serum a-tocopherol®b

[0 CON/No-E [0 CON/1X-E
Il CON/10X-E [0 DDGS/No-E
0 DDGS/1X-E 0 DDGS/10X-E
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Feeding DDGS reduces intestinal lesions in pigs
infected with Lawsonia intracellularis

—
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10 -

cm

o N ~ O O
| | | | |

Whitney et al. (2006)

Lesion length

Score
(0-4)

1.5

1
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Lesion severity

100
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Lesion prevalence
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DDGS is low risk for corona virus transmission compared with
other feed ingredients

45 -
40 -
35 -
Delta 30 -
(days) 25 -
20 -
15 -
10 -
s |
o | il M= T
Spray
. . . . eat and )
Blood |Complete] Meat Low Oil | High Oil | Medium Bone Dried Corn Soybean
Meal Feed Meal DGS DDGS | Oil DDGS Porcine Meal
Meal
Plasma
B TGEV 2.2 3.2 1.0 1.0 . T 1.7 1.0 19.2 11.8 41.9
l PEDV 2.8 1.1 3.9 0.7 0.6 7.3 4.9 1.1 23 7.5
@ PDCoV 1.2 2.3 2.8 6.2 8.8 3.8 6.2 3.3 25.6 42.0

Trudeau et al. (2016)
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O PDCoV 1.2 2.3 2.8 6.2 8.8 3.8 6.2 3.3 25.6 42.0

Trudeau et al. (2016)




African Swine Fever Virus does not survive in DDGS during
Trans-Pacific and Trans-Atlantic shipment

Seneca Virus A (surrogate for Foot and Mouth Disease Virus
<__African Swine Fever Virus

Porcine Sapelovirus (surrogate for Swine Vesicular Disease Virus)

Porcine Epidemic Diarrhea Virus

Feline Calicivirus V (surrogate for Vesicular Exanthema of Swine
Virus)

Porcine Circovirus Type 2

Porcine Reproductive and Respiratory Syndrome Virus
Bovine Herpesvirus Type 1 (surrogate for Pseudorabies Virus)
Influenza A Virus — Swine

Bovine Viral Diarrhea Virus

Canine Distemper Virus (surrogate for Nipah Virus)

Vesicular Stomatitus Virus

m Negative for virus isolation and positive by bioassay Negative for virus isolation and bioassay

Dee et al. (2018)
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Common dietary DDGS inclusion rates in U.S. poultry diets

_ Layers Broilers

Starter 5 5
Grower 10 7
Developer/Finisher 15 9
Pre-lay 15 -

20 -
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Potential diet inclusion rate and feed formulation constraints of
DDGS diets for poultry

Potential constraint Potential outcome

Relatively low AME content vs. corn May limit inclusion rates in broilers without supplemental fat/oil

DCAD (electrolyte balance) Calculation should include sulfur and may require formulation
adjustments of Na, K, and Cl

Pellet quality/mill throughput Low starch, high fiber and oil content will reduce PDI and mill throughput
when added at high inclusion rates

Mycotoxins Generally not a concern unless adverse corn growing or harvest
conditions
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Summary of growth performance responses in broilers
fed DDGS diets

100

80

B % increase or no change
40 -

M % decreased

20 -

BW gain ADFI Gain:Feed

70 observations from 19 studies published since 2010
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Summary of laying hen responses fed DDGS diets

120

100

80
60
40

B % increased or
no change
B % decrease
0 B | | | | | | | | | | |

20

BW change ADFI Feed conv. Egg prod. Egg wt. Shell thickness Yolk color  Haugh unit
n=36 n =65 n=51 n=57 n =69 n=32 n=41 n=35

Observations from 17 published studies since 2010
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Natural xanthophylls in
DDGS can partially replace
expensive pigments to

achieve desirable color of
egg yolks and broiler skin




DDGSIZEENHIKAD I
YR I4ILIZEH- T, BpEE
PIJOMS5—DREZEFE
LWZEIZT =D a4
BRO—HERBEITHE
MNA[EETH S



Pelleting DDGS diets
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Effect of increasing dietary DDGS content on PDI, production rate
and energy use during pelleting

| cContol | 10%DDGS | 20%DDGS | 30%DDGS

Standard PDI, % 91.8ab 90.4b¢ 89.9¢ 89.1¢
Production rate, kg/hr 1,007° 9745 929¢d 911d
kWh/ton 10.7 10.7 10.8 11.0
Bulk density, kg/hL 62.42 60.7°¢ 58.79¢ 57.9¢

Pelleting conditions:
- 3.97 mm hole diameter x 31.75 mm die thickness
- Conditioner steam temperature = 85°C

ab.cdepMeans with different superscripts differ (P < 0.05).

Fahrenholz et al. (2013)
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| AM | 10%DDGS | 20%DDGS | 30%DDGS

1 PDI % 91.8ab 90.4bc 89.9¢ 89.1°¢
4 EER kg/hr 1,007 974> 929¢d 911¢
kWh/ton 10.7 10.7 10.8 11.0
MEZFE, kg/hL 62.42 60.7b:c 58.7%¢ 57.9¢
RUyMMESEHE:

- RLYME3.97mMmx A A DEE31.75 mm
- ZRSURE =85°C

shede B AN EILHEENHDHEETT(P<0.05)

Fahrenholz et al. (2013)



Feeding DDGS
improves

environmental
sustainability
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High phosphorus
digestibility of
DDGS reduces
eutrophication

potential in
surface waters
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Feeding DDGS to swine reduces hydrogen sulfide and ammonia
emissions from manure

25 200
180
20 160
140
120 -
100 -
80 -
60 -
b a0 -

Carbon Methane Nitrous Hydrogen 20 -
dioxide oxide sulfide 0 -

15

B Corn-SBM
B 35% DDGS

Il Corn-SBM
B 35% DDGS

d

Ammonia
Trabue and Kerr (2014)
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Feeding DDGS to dairy cows reduces methane production

25

20

15 - B 0%
B 10%

10 - 20%
B 30%

5 i

0 _

Methane, g/kg of DMI
Benchaar et al. (2012)
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DDGS is an excellent
energy and protein
source for lactating
dairy cows
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True digestible nutrient and energy content of DDGS for

ruminants

Nutient | DDGS
True digestible crude protein, % 22.7
True digestible non-fiber carbohydrate, % 6.4
True digestible fatty acids, % 15.1
True digestible NDF, % 33.9
DE;, kcal/kg DM (dairy) 3,791
ME;, kcal/kg DM (dairy) 3,439
NE,;, kcal/kg DM (dairy) 2,299
NE,,, kcal/kg DM (beef) 2,340
NE, kcal/kg DM (beef) 1,630

Nuez-Ortin and Yu (2011)
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Feeding diets containing up to 30% DDGS increase dry
matter intake and supports optimal milk yield

40

30 -

Kg/da
g/day

10 -

0 _

0% 4-10% 10-20% 20-30%

Summary of 23 studies with 96 treatment comparisons
ab.c Means with different superscripts are different (P < 0.05)

Kalscheur (2005)

> 30%

Il DM intake
® Milk yield
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%

Feeding diets containing up to 30% DDGS has
no effect on milk fat and protein content

4

3 _

2 M Milk fat

. M Milk protein
O _|

0% 4-10% 10-20% 20-30% >30%

Summary of 23 studies with 96 treatment comparisons
a.b Means with different superscripts are different (P < 0.05)

Kalscheur (2005)
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Milk from cows

fed DDGS has :
higher CLA ( | )
content to

promote human

health
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DDGS is an excellent
energy and protein

source for beef feedlot
cattle
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Feeding DDGS to beef

feedlot cattle is mainly a... ,

 Protein source when fed at < 15
to 20% of DM intake

* Energy source when fed at > 20%
of DM intake

— Excess protein and phosphorus are
consumed relative to requirements
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%

Relative feeding value of DDGS vs. dry rolled corn for
finishing beef cattle

200

150

100 Dry rolled corn

50

0% 10% 20% 30% 40%

Meta-analysis summary (Klopfenstein et al., 2008)
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Feeding 20% DDGS diets optimizes ADG and feed

conversion in beef feedlot cattle

ADG, kg

Optimum ADG - 20 to 30% DDGS
Optimum Feed:Gain - 10 to 20% DDGS

Meta-analysis summary (Klopfenstein et al., 2008)

Feed:Gain

= 0%

H 10%
@ 20%
H 30%
= 40%
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Feeding 35% DDGS diets had no effect on carcass loin
muscle, fat thickness, and marbling score

1000

900

800 -

700 -
600 -
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400 -
300 -
200 -
100 -

Loin muscle area, sq. cm

Gigax et al. (2012)

Marbling score
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Il DDGS 6.7% crude fat

@ DDGS 12.9% crude fat
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DDGS is an excellent
energy and protein
source in aquaculture
diets
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Feeding diets containing up to 15% DDGS to Pangasius
supported optimal growth and feed consumption

800
700
600
500
400 -
300 -
200 -
100 -

M Initial wt.

M Final wt.

@ Wt. gain

M Feed consumed

0% DDGS 5% DDGS 10% DDGS 15% DDGS

300 fish/cage during a 118 day feeding period
No significant difference among treatments

Tangendjaja et al. (2016)
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Feeding diets containing up to 15% DDGS to Pangasius did not
affect feed conversion and mortality

M Feed/gain
B Mortality, %

©O = N W & v O

0% DDGS 5% DDGS 10% DDGS 15% DDGS

300 fish/cage during a 118 day feeding period
No significant difference among treatments

Tangendjaja et al. (2016)
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Tangendjaja et al. (2016)
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DDGS improves
desirable color in
some types of
seafood







Streptococcus iniae

DDGS improves fish
health without using
antibiotics

Edwardsiella ictaluri




Streptococcus iniae (RFL T FTYHR 1= FI)
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Edwardsiella ictaluri ( PHF VX DIRFTZSHE)




DDGS is a valuable feed ingredient that contributes to
feeding the world sustainably
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