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How Should We Define DDGS Quality?
FREZEMAY m E R ANAESR?

o Definition of Qualityma B E &

° an essential character or inherent feature
that represents a degree of excellence,
superiority, or a distinguishing attribute

BEAFLERARFETURRERE
BHNEERTUAZEE/NNBME
e Qualitym &
> general termBL & 14 HH R
> can mean different things to different people

ERAERAME




DDGS Quality XK & BN R E

* Feed manufacturers and animal producers
use a variety of qualitative and quantitative
methods to assess the quality of feed

ingredients and feeds. BARI M BN EEERF

FZEE M MECLRY 7 3R R G &8 M 81w

R mE

> Physical¥JE

> Chemical{t 2’
=X/

> Biological




Physical quality characteristics
VDR 1% on AR

» Qualitative measure I8
> ColorgEt®

> Particle size L E K/
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N2/
Plas
G

> Bulk densitytb B
> Homogeneity? 3 9 &
> Smell & bR

o TasteWKI&

> Touchfi& =
> SoundE &
> Presence of physically identifiable contaminants A] ##8

R

HY

P



Feed microscopyf &l iE

* Microscope procedures to determine if
feeds have been adulterated or contain

contaminants. &7 H & /2 7] A R 4R &7

HEREREHBRBRISEARTEY

> Evaluate Particle?¥ 1 &7 £t AL HY:
Shape ik
Colorg8 2
Particle size/ & X/
Softness#X
Hardnesst&
TexturefB i %518




Chemical determination of quality

{L2MERE

e Quantitative and estimates nutrient content
and possible contaminants A £{LAY , I H A
bt EER D MAJ e A RMEE
> MoistureZK %
> Crude proteinfi & HE
o Crude fiberfH i #E
o> Crude fat#8 A
o Ashfi 5>
> Amino acidsfig &
> Mycotoxins B E £

—

o OthersH 'y




Chemical determination of quality is

used for:{L 2 R E 7] AR

» Quality assurance in feed manufacturingfa 4

*ENmMERSE

 Specifications for ingredient purchasing

agreements [R R BBV & B8

* More quantitative assessment of ingredient

and feed quality [R & M & B E (LT

* May have some application when formulating

dietsFER N &%E H8E S

» Presence of specific contaminants3x i 4 1

HY SN IR




Biological determination of quality

EYERIE

o Quantitative A E{LHY
* Most precise of all quality assessments
RAEENmEFG

- . ® e Measure animal responses to specific feeds

A S E RBIN R IE
> Expensive 2N 5

. . +
> Time consuming#% i

> Requires specialized knowledge,
equipment, and proceduresiE E 5 EHY

M, s, MiEF

> Not practical for routine quality
assurance programs at feed mills~1&E

R R SE m E R BT 5 BR




Is Color an Indication of DDGS Quality?
BHORIEXRFZEHNmEERE?

* Negative effects of dark color

FR e i R A B E:
> May indicate excessive heat used during drying
AR RFERBEMNZIBE

Maillard reaction — reduces amino acid digestibility
M I e - P (R IR B B (L =R

5 . ;,.,;;'1,0 May indicate increased lipid oxidation

- BEAL

> May indicate reduced xanthophyll content

ARRENREREEZNSERD




Maillard Reaction Stages, Color, Fluorescence and
Lysine Digestibility
ml%WJiEE,\JEAE\ ﬁ@l\ %\Iliﬁa\ ﬂgﬁﬁsﬁ{t$

Heat & Reaction

Time stage Digestibility? Coloration?
MBEE KERE HILER =)
MEFE

I{éé Schiff's bases 100% N;Ifgor
Moderate Amadori 60 Fluorescence
RE compounds ° &
Severe . o Browning
B Melanoidins 10% e

"y Davies and Labuza, 2000 _
2Finot, 2005 &

3Matiacevich et al, 2005




Regression of Digestible Lysine (%) and
Color (L*, b*) of Multiple Samplings from 5
Sources of DDGS for Poultry
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Relationship Between Color (L*) and Digestible Lysine
Content in 36 Sources of DDGS for Swine
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Correlation Between Measures of Lipid Oxidation

(TBARS, Peroxide Value) and Color in DDGS
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Is Color an Indication of DDGS Quality?
BHORIEXRFZEHNmEERE?

e Positive effects of dark color

BRI 2 /Y 1E [ SHE:

> May indicate more solub

es added to

to produce DDGSA

:E:

o N ).

AN Z B A s

B & M AH

WEROBEER S

grains

¥ A BE

Increased fat, energy, ash, phosphorusiz & g s
. BiBE. IRz, MBI EE
Reduced crude protein and crude fiberf&{KHHZE

| - May indicate increased P availability B89 &



Effect of Amount of Solubles Addition to

Grains Fraction

on DDGS Color

AIAYRINES EXZHHEACNHER
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Adapted from Noll et al. (2006)

Pearson correlation (L* =

-0.98, a* = 0.62, b* =-0.92)



Comparison of the Nutrient Content of Corn
Distiller’s Grains and Corn Condensed
Distiller’s Solubles

FEURYERN AN KD LB

® DM, %
mCP%
W Fat, %
M Fiber, %
® Ash,%
" P%
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Phosphorus Bioavailability Coefficients in DDGS Heat
Processed Under Different Conditions for Poultry

FEMBEE S EZH EXRZEHARKENBREDER LN
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a b.¢Means with no common superscript differ significantly (P < 0.05).
A = autoclaved for 40, 60, or 80 minutes
OV55-A60 = oven dried at 55°C for 3 days then autoclaved for 60 minutes
OV121 = oven dried at 121°C
OV55-0V121 = oven dried at 55°C for 3 days then oven dried at 121°C for 60 minutes

Martinez Amezcua and Parsons (2007)
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Nutrient Composition and Variability of
DDGS

EREBHBO KT MBEMYE




Composition of Selected Nutrients Among 32 DDGS
Sources (DM basis)

EREGEHBERER T (2B M KT , ZUE)

Nutrient & 5 2

Average (CV, %)
FROEERERRRY, %

Dry matter¥ ¥ 5, %
Crude proteinfaZE 0 &, %
Crude fat, fHAER %
Crude fiber fE#E#E, %
Ash, X573 %

Swine ME, kcal/kg (predicted)
RS TARE , TR/

Lysine B BRER, %

Phosphorusf, %

Source: University of Minnesota

89.3

30.9 (4.7)
10.7 (16.4)
7.2 (18.0)
6.0 (26.6)

3810 (3.5)

0.90 (11.4)

0.75 (19.4)

Rangeff
)

87.3-92.4

28.7 - 32.9

8.8-124

54-10.4

3.0-9.8

3504 - 4048

0.61 - 1.06

0.42 - 0.99



Factors Influencing Nutrient Composition of DDGS

Raw Materials R ¥}
eTypes of grainsiR Y& %E
Grain variety B ¥ @ %
*Grain quality X ¥ A 'E

#S0il conditions T3k 35
oFertilizeriE L

esWeatherR &

eProduction and harvesting methods
4 ERIKE
Grain formulazX ¥ & 5

Olentine, 1986

Processing Factors 2 K &

¢Grind Procedure¥p B 15 5%

eFinenessEE

eDuration 3518 i &

eCookingZ & 5 &

eAmount of water ik &

eAmount of pre-maltZ R &

eTemperature and time;& & 1 5

eContinuous or batch fermentationiZ& f& & #tt )X 2% &
«Cooling time 4 Al B 5

eConversioni& #fa &

eType, quantity, and quality of malt®FH X, &, MmE
eFungal amylase i i§

eTime and temperature i B #1;8 &

eDilution of converted grains## £ i% 3 19 %12

eVolume and gallon per bushel or grain bill S #9 ilf £
Quality and quantity of grain products X ¥ & &
eFermentation 2% i

eYeast quality and quantityB RV EE

eTemperaturei&fE

oTime B¥[E

eCooling 40

eAgitationfB 1

eAcidity and production control B FE #l & & 2 %l
eDistillation#% #3

eType: vacuum or atmospheric, continuous or batchZEfE R K. B
P/

eDirect or indirect heatingiE #25% & 2 i &

eChange in volume during distillationZ g8 E5#Y 7 & S
eProcessing® 2

«Type of screen: stationary, rotating, or vibratoryEF#8EE:E &, B, EHRX
eUse of centrifugesB{»

eType of pressesB##

eEvaporators 7 3% #

eTemperature;&fE

eNumberZ{ £

eDryers&z @1

oTimehF &

eTemperaturei&fE

oTypefz /R H X

e Amaunt of svrup mixed with grain =43

ZERER, EESi




Metabolizable Energy Content and Prediction in
DDGS Sources for Swine and Poultry

HH EREBEHNEERRE I HEE




Metabolizable Energy (Swine) of Corn

DDGS Co-products
EREZEHN T RHEFHEE)
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Anderson et al. (2011)



Metabolizable Energy (Swine) of Low Fiber
Corn Co-products

EiiE T RBEMNATAHESRFHEE)

10000 Pooled SD =413
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>
5 00
o b
~ 4080
= 4000 - 3771
< 3000 -
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1000 | [EELE 4205
CornEX¥ Starchifk¥s Oilh Dried Dehulled,
(1A) (1A) (TN) Solubles Degermed Corn
Corn Co-product E’Z%’Eﬂ%% Hﬁ&\ %%%Eﬂi
(AZ) (KS)

Anderson et al. (2011)



There Are Many Ways of Measuring and Describing
Carbohydrates

S AFEREK{CE YRI5 E

Carbohydrates
_ Hemi- . mucilages, Oligo- Starch &
L
ignin Cellulose cellulose Pectin gums, st al. saccharides Sudars
IL hd
Crude fiber (CF) Mitrogen-free extract
Acid detergent fiber (ADF)

MNeutral detergent fiber (NDF)

[ [

Mon-starch polysaccharides (NSP)

Dietary fiber {DF), insoluble Dietary fiber (DF}, soluble

Bacterial fermentable substrate (BFS)

Figure 1.2. Classification of the carbohydrates (adapted from Bakker et al. (1998))



NSP Composition of DDGS (As-is Basis, %)
T REZEMEFERY 2 HREAN(MNE , %)

B Total NSP
W Insoluble NSP
H Soluble NSP

® Arabinose

m Xylose

B Mannose
" Glucose
Galactose

NSP Fraction

Rhamnose, ribose, and fucose analysis resulted in high lab error and
data are not presented.

Patience and Kerr, 2011 (unpublished)



Concentration of Carbohydrates and Apparent Total Tract
Digestibility (ATTD) of Dietary Fiber in Corn DDGS
EXREZERNEK LSS BMNBENREREHLE

Carbohydrate fraction Average | Range SD
kAL S YRS Slziﬁﬁ ﬁu EEEE

Total starch#@i&¥p, % 3.8-11.4
Soluble starch 7] A g R x2, % 2.6 0.5-5.0 1.2
Insoluble starch7 A& &, % 4.7 2.0-17.6 1.5
ADFRE Sl % 9.9 72-173 1.2
NDF S, % 25.3 20.1 -32.9 4.8
Insoluble total dietary fiber, % 35.3 26.4-38.8 4.0
FTUBAREREKE

Soluble dietary fiber, % 6.0 2.4-8.5 2.1
AR s R

Total dietary fiber, % 42.1 31.2-46.3 4.9
BiERaE

ATTD, total dietary fiber, % 43.7 23.4-55.0 10.2
BAERAEEIIREHILR >

Stein and Shurson (2009)



ME Prediction Equations for DDGS in
Swine Diets

HERERIREKEZBEHEFEE T HEER
TRl AT

ME kcal/kg DM = (0.949 x kcal GE/kg DM) — (32.238 x % TDF) — (40.175 x
% ash)

Anderson et al. (2011) r-=0.95 SE = 306

ME kcal/kg DM = 2,815 + (94.5 x % crude fat) + (96.2 x % crude fiber) —
(33.2 x % NDF) — (66.2 x % ash) + (25.9 x % starch)

Mendoza et al. (2010) r=0.90 SE =49




ME Prediction Equations for DDGS in
Swine Diets{i N EIXRIR ERKEZEHERE
E.M_%Eg‘j ﬁgﬁ E’g %E iﬁJJ (lA\ﬁ(Pedersen et al., 2007)

ME kcal/kg DM = -10,866 — (108.12 x % ash) + (37.55 x % CP) - (8.04 x %
starch) - (71.78 x % EE) - (164.99 x % ADF) + (15.91 x % NDF) + (3.007 x GE,
kcal/kg) r- =0.99

ME kcallkg DM = -11,128 - (124.99 x % ash) + (35.76 x % CP) - (63.40 x % EE) -
(150.92 x % ADF) + (14.85 x % NDF) + (3.023 x GE, kcal/kg)
r2 = 0.99

ME kcallkg DM = -10,267 - (175.78 x % ash) + (23.09 x % CP) - (71.22 x % EE) -
(137.93 x % ADF) + (3.036 x GE, kcal/kg)
r2 = 0.99

ME kcal/kg DM = -7,803 - (223.19 x % ash) — (61.30 x % EE) - (121.94 x % ADF)
+ (2.702 x GE, kcal/kg)
r- =0.97

ME kcal/lkg DM = -4,212 - (266.38 x % ash) — (108.35 x % ADF) + (1.911 x GE,
kcal/kg)
r- =0.94



AME Prediction Equations for Corn Co-products

(Including DDGS) in Poultry Diets
RAEKBEREREKZERNREREAIRNHELN

Based on 13 diverse corn co-products:

AME,, kcal/lkg DM = 3,517 + (46.02 x % crude fat) — (82.47 x % ash) — (33.27 x %
hemicellulose)

Dozier et al. (2010) r> =0.89, SE = 191
Based on DDGS only:

AME, = 2138 - (263.5 x % crude fiber) + (566.3 x % ash) r? =.99
AME, =1278 - (19.7 X % TDF) + (470 x % ash) r- =.99

Dozier et al. (2011) = | " — e

G /.
L kL 1 .




Prediction of Poultry TME of DDGS from
Proximate Values of Crude Protein, Fat, Fiber and Ash

Content A HERE. g, M. Mo SEFER EXKE
EMAM R B E A HEE(TME) A X (Batal and Dale, 2006)

-

TME,, kcal/lb = 2439.4 + (43.2 x % crude fat) r =0.29
TME,, kcal/lb = 2957.1 + (43.8 x % crude fat) — (79.1 x % crude fiber) r> = 0.43

TME,, kcal/lb = 2582.3 + (36.7 x % crude fat) — (72.4 x % crude fiber)
+ (14.6 x % crude protein) r’ =0.44

TME,, kcal/lb = 2732.7 + (36.4 x % crude fat) — (76.3 x % crude fiber)
+ (14.5 x % crude protein) — (26.2 x % ash) r2 =0.45

Average TME, for 17 DDGS samples of 1282 + 82 kcal/lb, with a range of
1132 to 1450 kcal/lb




Correlation Between Swine ME and Poultry

AME for Corn Co-products

EXRBEMNBEETAHENRERE TAH
ERVAH BT
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®
M
& L
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£
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S ¢ Correlation AME:ME, R = 0.60, P = 0.03
2000 -
Swine ME, kcal/kg = 1707 + (0.75 x AMEn), R-sq=0.36,P = 0.03
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0
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AMER Broilers

Dozier and Kerr, 2011 (unpublished)



Challenges of Using ME Equations

fE A AT BEML B 2 TURY BB B
o Validate accuracyZEHE M B B 78

° Representative of nutrient variability among sources!?

BRRTERRRMASEMS?

e Some analyses reqmred b equatlons (e.g. GE, TDF) are
ot AR BB 195 78 B

° routinely measured ™ & 17 12 B
o expensiveﬂzzl-(‘/fﬁ_l%_

 Analytical variability amo E% labs and procedures affects

accuracy | (e.g. NDF). 1[G Eﬁ%ﬁ:ﬂ] T EMAB BT
iakig =

e Adjustments for fat and fiber in some %uatlons seem

counterintuitive. 5 ££ 43 3\, FP Ag 5 F 4 BHMEEB
HE =M




Prediction of Amino Acid Content and
Digestibility of DDGS
ARl EXEEHNERERSEFNEHLR

b iy i



Average Concentration (%) and
Standardized lleal Digestibility (SID) of
Amino Acids in Corn DDGS for Swine
EXRZEHNBRERFIIRE (%) NHESENRE
&Fﬁ{ LB R H (L

3

84
2.5

2
u Total

| -
| I | 1 I
0 -
Arg His lle

Leu Lys Met Phe Thr Trp Yal

Stein and Shurson, 2009



Variation in Digestible Crude Protein and Amino Acid
Content in 34 Sources of Corn DDGS
EXZHHNECEZERENRERSE(34EKIR)

Nutrient Maximum Minimum (GAVALY
=L -J5%0) RE{E RIKE BERE
Crude proteinf8BZEHE, % 28.3 18.8 12.2
LysineBERR B, % 0.77 0.33 18.4
Methionine BB BREE, % 0.66 0.40 12.6
Threonine B E BB % 0.96 0.68 10.2

Tryptophan&BREE, % 0.21 0.10 15.8




Equations to Predict Amino Acid Content of
DDGS from Crude Protein (CP), Fat, and Fiber

UHEEHE. B, M@ERNEREZERRER
=3 (N

Amino acid Eguation R>

Arginine Y =0.07926 + 0.0398 x CP 0.48
Isoleucine Y =-0.23961 + 0.04084 x CP + 0.01227 x fat 0.86
Leucine Y =-1.15573 + 0.13082 x CP + 0.06983 x fat 0.86
Lysine Y =-0.41534 + 0.04177 x CP + 0.00913 x fiber 0.45
Methionine Y =-0.17997 + 0.02167 x CP + 0.01299 x fat 0.78
Cystine Y =0.11159 + 0.01610 x CP + 9.00244 x fat 0.52
TSAA Y =-0.12987 + 0.03499 x CP + 0.05344 x fat — 0.00229 x 0.76

fat?

Threonine Y =-0.05630 + 0.03343 x CP + 0.02989 x fat — 0.00141 x 0.87

fat?
Tryptophan Y =0.01676 + 0.0073 x CP 0.31
Valine Y =0.01237 + 0.04731 x CP + 0.00054185 x fat? 0.81

Fiene et al. (2006)



Prediction of Amino Acid Digestibility in DDGS
TR £ KRB R EBH (L=

. [ = L FF
 Crude proteintfiEEHE

> Poor prediction of SID Lys T8 8| Bz BR 12 %
{LERGHC R ERE K(r2 = 0.02)
Kim et al.,2010

Tival

o Total lysine#2 Bf Mz R
- Good predictor of SID LysT& 8| SR BRI %E
{LERZEL R 1E R (r2 = 0.85)
e Kim et al.,2010
» ° SID Lys% = - 0.482 + (1.148 x analyzed Lys, %)




Prediction of Amino Acid Digestibility in DDGS
TR EREZBE A REBRH{L

o Reactive lysine’E B RER S 2
- Good predictor of SID LysTE 8 5 e BR = 2E{b 3B B 0B
LB EF IR (r2 = 0.90)
Kim et al., 2010
> SID Lys% =-0.016 + (0.716 X reactive Lys, %)
o Lysine:CP ratioTE Al BEFRER R ZE{V B RZ R (L RV IF 18R
- General indicator of relative lysine digestibility 8 %7 B
BREE(LEN —RER
> 2.8 lys:CP for use in swine and poultry dietstb{E X
2889 TR EZ B AH AT LU 0 58 M R = 6 18 BV R K




Prediction

of Amino Acid Digestibility in

DDGST A EKE AR BRERELR
» IDEA™ - NovusE EXHILB R B EE

> Good predictor of Dig Lys for poultry (r2 = 0.88) but
not for swine or other amino acidsTeE)RISR Z /Y 1] ;8 1t &t

RRERZEHE

EETE , BYRENECRERAITER

(Schasteen et al., 2005)

e Pepsin-pan

creatin B & B f¥-IR g

> Poor predictor of CP digestibility 2 T B E A & H
RN FER (r2=0.55) Pedersen et al. (2005)

o ADINER ST O] i il HE
- Moderate correlation with DDGS colorf] & K &2 5 ¥

HYERE |

Cromwell

E MR (2= 0.62)
et al. (1991)

> Higher correlation with broiler ADG (r2 = 0.86) and
F/IG (2= 0.72) M REN BB EMNFRARRRSEMEEE




Prediction of Amino Acid Digestibility in
DDGSTR R E KB REBUH LR

— L,a,b Color Solid
= =

» Color (L*, a*, b*)FE@(u—u
IX\ %\I@ 132 E 12)

e Optical density % J¢{E

e Front face fluorescence

REEXCELLEIE




Commercial Nutritional “Tools’’ Are Available to
Manage Nutrient Variability Among DDGS Sources

BB

I 3RR ERKEEHK A BENERILTE

- Assess relative value among sources
1 B SRR AR E

- Provide accurate nutrient loading values
for diet formulationfR % & H1EHAC 5
TENEREERE

o Examplesfil +:

O llluminate® -VAST
0 Optimum Value Supplier® database - Cargill

0 Aminored ® - Evonik
o0 IDEA® - NOVUS
O Adisseo




lHluminate® BB E D& R

Laboratory Results

.| A B8 c D | E_

DMEYIE, % 87.9 90.1 86.5 91.7 90.0
Crude proteinfiZE  28.2 26.7 27.7 26.7 25.1
HE, %

FatfERA, % | 1.4 9.9 11.5 10.6 11.2
StarchiB#, % 7.3 8.1 7.2 8.3 4.6
ADFER ST 4B, % | 1.4 10.8 12.5 10.6 8.6
AshJX 5, % 45 3.3 4.4 3.9 4.4
Phosphorus®i, % 0.90 0.66 0.82 0.75 0.76

Lysine, BERRER % 0.88 0.83 0.86 0.89 0.78



llluminate® Nutrient Loadings and Relative Value
Comparison of 5 DDGS Sources for Swine

AEFTEEXRZEHNEEI MEMYEELBRFES)

A B C D E
ME, kcallkg 3070 3460 2970 3410 3540
e , TR

Dig. Lys A H{LRERRIR, % 0.54 0.52 0.54 0.61 0.54

Dig. MetiJH{L AR M,% 0.50 0.47 0.49 0.48 0.46
Dig. ThriJH{t B2, % 0.70 0.68 0.70 0.72  0.68
Dig. Trp AlH{L B RR, % 0.16 0.15 0.16 0.16 0.14
Avail. PhosH 384, % 0.67 0.50 0.62 0.56 0.64

Relative Value tf 5 {E & $175 $204 $165 $208  $215



Are DDGS a source of mycotoxins?

EXREGEHERMEE =R RIR?

o Yes,but...2Hy , AIZ&.........

* no more than corn from which it is made T L HFER EXRKEBEE
Levels in corn concentrated by ~ 3x in DDGSE KN BEERSHE
EKEGEHFIRME3ME
Ethanol plants have implemented mycotoxin screening of incoming
corn loads/HRE LEE EE N E RS HITREHEF 2
2009 was a bad year for vomitoxin in corn across the Midwestern
U.S.2009F Bl F A ERRY EXRIEL B R TRIFBNERE
* Ethanol plants rejected high vomitoxin corn to minimize levels in

DDGSER LMIRESIEM BRI ERKUREEKREZEHNE
RZRE
2010 corn crop was very low in mycotoxins = low mycotoxins in
2011 DDGS.

2010F N EARBESRZRIE=2011F XL EHNBEBRE



Results from a Comprehensive DDGS Sampling
Survey on Mycotoxin Contamination (Zhang et al.,

2009) EXRFZBEHMEER TRV EHAEREAERR

—

e 235 samples (2006 to 2008)2006 % 20085 H £x
#2358 £ i
> 20 ethanol plants. — T B 5 L &
> 23 export shipping containers— 1+ =1 O E4&

 Determined the prevalence and levels of BITE T
DERNBERTEE.
> Aflatoxins BRI 5 3=
> Deoxynivalenolli it & 3%
> FumonisinsR E#REEFH
> T-2 toxinEB %
- Zearalenone & K 7R @B




Results from a Comprehensive DDGS Sampling
Survey on Mycotoxin Contamination (Zhang et al.,

2009) EXRFZBEHMEER TRV EHAEREAERR

I. None of the samples contained aflatoxins or
deoxynivalenol levels > U.S. FDA guidelines for use in
animal feed
REERNERERNELEZNEERBX
ZYEERFBRE

2. No more than 10 % of the samples contained fumonisin
levels > the recommendation for feeding equids and
rabbits, and remaining samples contained fumonisins <
FDA guidelines for use in animal feed

AERASZEESNFNR FREFRERN LOIFE
B10% , HEEmHASRAESZSEFITEBREM
ZYEERNRE

Ngl]

Bm




Results from a Comprehensive DDGS Sampling
Survey on Mycotoxin Contamination (Zhang et al.,

2009) ERKEEHMET =T RS EMRERERR

3. None of the samples contained T-2 toxins > the
detection limit

REEmMEBARENT2ER
4. Most samples contained zearalenone levels < the
detection limit

Ao EENERFBEEEBTSRATRE TR
5. Containers used for export shipping of DDGS did not
contribute to mycotoxin production

ARENERNERT A SEXNMESENEE




Presence of mycotoxins in DDGS samples from 14
ethanol plants in 7 states in the Midwest U.S.

ZEFPEFENTEHEEEIREREBHNERNMES
FEREMRN
MEE= % | BRIKE - ] ¥EE | ER\Ask
i % Samples
B Minimum | Maximum Average | Above
Mycotoxin N'|  Level Level Level |LowestFDA
Level
Aflatoxin, ppb 20 <1 3.7 0.7 0 %
EMER
DON, ppm 20 <0.1 1.2 0.3 0 %
Bt &
Fumonisin, ppm 20 <0.1 8.6 1.9 10 %
REREEER
T-2 toxinE X, 20| <0.1 <0.1 0.0 NA
ppm
Zearalenone, ppm | 20| <0.05 0.14 0.04 NA

NCERC (2008)




Presence of mycotoxins in DDGS samples from 4

Midwestern U.S. ethanol plants (2008)

XEFESEEES IR ERZEHEmMESREREMRNR(2008)

WEER % | BEE RE{E YEE | @F\ask
| Minimum | Maximum Average | % Samples
Mycotoxin B Level Level Level Above
N Lowest FDA
Level
Aflatoxin, ppb 77 <1 1.1 0.01 0%
=EMER
DON, ppm 77 0.2 1.9 0.5 0 %
Bt 35
Fumonisin, ppm 77 <0.2 7.2 2.7 10 %
REREEER
T-2 toxinEF &, 77 Not Not Not NA
ppm available | available | available
Zearalenone, ppm | 77 <0.2 <0.2 0.0 NA




Primary Mechanisms Through
Which Mycotoxins Affect Animals

e Reduction in feed intake

e Suboptimal nutrition
> Reduce nutrient content of feed
> Reduce nutrient absorption

o Alter nutrient metabolism

e Suppress the immune system

* Hormonal effects (primarily estrogenic)
* Antibiotic effects

e Cellular death



AflatoxinsEN T H

 Many typest&E$
> Bl,B2,Gl,G2,MI, M2

Aspergillus flavus = B £ 1E & W15

* Produced by
NS

> 82°to 90° F FE
> Grain moistureX YKo 22% to 26%

e More of a problem in the SE U.S.
REBEREE

e Occurint
rh

ES

ﬂp
=X
N

itk 2

5

E under ideal production conditions:

5l R A ED
he Midwest during drought conditions

EERATtHERE




AflatoxinsEEME =R
e Only mycotoxin regulated by FDA

= /H

> CarcinogenicE BUE 4

* No more than 20 ppb allowed for interstate
shipment

5 M IEE

i Y 2 mm 1S

18 20ppb

XEEMEYEERE—BHXHRENEER

e Grains with > 20 ppb can not be used for
human food consumption and dairy feeds

1B 20ppb R A AR B mME, £

- g7

> Should not be used in feeds for young animals

AN Al



AflatoxinsEN T H

« B E 7EAt 20 to 200 ppb

> Reduces appetite and growth rate

REMNE

= RIR,

ERNE:

° Suppresses the immune system
& e Rk

> Decreases milk production
[FREILE

» &> 1000 ppb

> Death®

5t



FDA Action Levels for Aflatoxins
EmMEYEERNENEZEBTEEE

» finishing beef cattle [E B R4

» finishing swine (>100 Ibs) fE & %&

» breeding beef cattle B R4

o breeding swine TE%H
» mature poultry FE

e immature animals, dairy cattle,

or intended use is not known

hE,. AFHAA

BB E

<300p
<200 p

<
<
<

00 p
00 p
00 p

bb
bb
bb
bb
bb

<20 ppb



Deoxynivalenol (vomitoxin)

g it 55 5=

* Produced by

Fusarium graminearum &= B E £

> White or reddish fungus H B34l & &#F
o |deal growing conditionsEE 8 1Y 4 K AR
> Cool, damp weather R 2 #R2 1 R

e More common in up

RE L

TEE

=X

her Midwest and Canada

I B

R IIE X

* Reduces feed consumption and causes vomiting
at high levelsfREHREE , S EERE5/|EIRE

Mt




FDA Action Levels for DON
EMEYEERNEHSZEERTEERE

o Beef cattle > 4 mo. of ageld A

o Chickens %
> these ingredients should be < 50% of the diet of

cattle and chickensizZ R #HE A = 818 4 FN 2
H #Z2#Y50%

e All other animals

i LA E R4 <10 ppm
< |0 ppm

1L
2

He#y <5 ppm

> these ingredients not exceed 40% of the diet of

cattle and chickensiZ R EH{EFH E 17818 H EHY

40%

o Swine ¥§

<5 ppm
> these ingredients not exceed 20% of the dietZZJR
18 H #&RY20%

FHE

=M@



Zearalenone £ K R M B

e Produced by HFusarium graminearum &= & & 4 and may
be present with DONTRJBEMIEM FE R I 17

e More likely to be produced during grain storage

B RN R HIB

e Mimics the action of estrogen and should NOT be fed

to breeding animals

ERBLEREENER , FTTRARERDY

o Causesiz X
> Abortions it E

> Prolapses 4 5HIE it ZE

> Shrunken ovaries 5 & Z 43
> Decreased fertility Z5E 7 T &



FDA Action Levels for Zearalenone
EmBYEBRRNEXFMESEREEIT
B

» None sk I E B fiZ %

s SwineF& &
> Finishing pigs L & & < 3 ppm
> Breeding herd ¥ %§ <2 ppm

> Young growing pigs#l’N&F < | ppm



Fumonisins A SRk BEHE R

o Types Z8H!B| (75%), B2,and B3

s Produced by HFusarium moniliforme = B E 4

e Found in corn in upper MidwestEE 1 F R ZPATE
Y E R EEIR
» CarcinogenicE BUE
o Causes:15 X
> Weakened immune system55{t 52 & R 4%
> Pulmonary edemaliZk f&
> Reduced brain, liver and lung functionf® = B&., T Fieh A0 i Bl 49 Th

4
Be




FDA Action Levels for Fumonisins

EmBENEERNAGRAERERITIRE

s Poultry being raised for slaughter J =R E& < 100 ppm
> < than 50% of the diet A1 2 i#18 H #8RY50%
» Ruminants raised for slaughter A i [x ZE)¥J < 60 ppm

° < 50% of the diet FH E T8 H &RY50%
» Breeding ruminants and poultry?E i R BB ¥ FIXE < 30 ppm
° < 50% of the diet FH E T8 H &RY50%
 Swine & <20 ppm
° < 50% of the diet FHH E T8 H &RY50%
All other species or classes of livestock

and pets HEREHMEEY < |0 ppm
© < 50% of the diet/ & i B EHI50%
» Horses and rabbits 5 M % F <5 ppm

o < 20% of the diet HE 1B HEA20%



Mycotoxin Adsorbents
R

e An ideal mycotoxin adsorbent should
effectively sequester mycotoxin(s) to
prevent toxicity in the gastrointestinal
tract and prevent absorption across the
gut wall when added to the diet.

TE 48 B {80 B 2 3 O Bf 251 2 B2 S |y TR f
iﬂ?@l%ﬂ%l«lﬁ%’ £ H{LEFTIE A,
WEMNH K YHAESSZEEEEHRK

(mn




A Mycotoxin Adsorbent Should:
R 7 3 T B R SR

» Effectively adsorb mycotoxms of interest

ﬁx&ﬂ’]ﬂﬁwi&%ai RHY

* Reduce mycotoxin availability/activity
FEMESENERENSM®

* Reduce animal toxicity and tissue residues
BBV B EMEEEREE

* Not be detrimental to the animal of food products
TEEHBYES

» Have verifiable positive results
wEBEHHME

o effectiveness must be verified at the recommended diet
inclusion rate

EEREHET  FEEERRR

* Resistant to physical effects of feed manufacturing
BE 20T B A7 8 in TiB A2 69 Y 4E A

* Be cost effective RS &R x5




Mycotoxin Adsorbents
R

» Silicate productsf¥ g B 55

> Phyllosilicates (silicate sheets) & ik 1Y TR B2
Clays%h +

- Montmorillonite RE R & 541

- Bentonite BE M. ®EL

* Smectite (HSCAS)RAR A

- Sepiolite;# /8 A :
> TectosilicateZR AR 77 B& B S (silicate frameworks)

Zeolites)# A

Clinoptiliolite’k & &l #f £5 £ i B E&

» Chemically treated silicates{V B2 iR IR Y BR ER




Mycotoxin Adsorbents
R

s Carbon products fi{t & ¥
> Activated or superactivated charcoal
o T B TR M bk
* Glucan products
BREEEm
* Inorganic polymersf"i“ oj®
0 Cholestyramineﬂ%ﬂﬂﬁﬂt
> Polyvinylpyrrolidone 2 & /& Esmmi -
- (RHEET, PVP) —

Activated charcoal, OHSU




Effectiveness of Mycotoxin Adsorbents
(Positive Responses/Trials)

W T B A A U (B EEMRRBU/EERR)

Mycotoxin Carbon Clay | Zeolite PVP | Bacteria | Clay/Enzyme
MEE=

Aflatoxin 35/35 11/16 1/2
EMER

DON - - 0/l
UG ht &5

Zearalenone 1/1 o/1 1/2 2/3

TEE 3/3 1/1 0/5 o/

“Fusarium”B - 5/9 12 o/ - - 0/2
BFIEENE
ES

AflatoxinZ=# - 2/2 1/1 - - 1/1
5%

+ “Fusarium”

RHEBFTEEN

5%

> 50% positive responses IE ¥ &  FE>50%



Are there any effective commercial
products for vomitoxin? X E mY IEMH F

EEME?

 Very little published information#

RX MO ERE

=

P

> Field experience is about the only source3i &85 2 1 — 2R

» Several products are being used that can’t be Iegally
SEEBRAE—LFRE
Jr 180 R OB B 75 B 72 o R R LLE R R

e Hydrolyzed yeast (glucan) products provide some

called mycotoxin binders in the U.

effectiveness depending on level of DONJK fi# i B

RE)PWRRBEHSZNREEME

> No benefits in feeds with £ = E >

5 ppm DONFEK

(

]

> Some benefits in feeds with i E2E < 5 ppm DONEBH R R

> Greater benefits in feeds withfd # = E
£

E < 3 ppm DONZRE



Summary of Mycotoxin Adsorbents

MR R -
Responses to adsorbents similar across species

A~ [2) B 0 36 R B )78 D0 Y e FE AR KA 1L

Some adsorbents are mycotoxin specific
BERMEASFENBEERAN

No adsorbent has been shown to be effective across all
mycotoxins

RE—ERNEESMENBEERMEN

Adsorption varies with adsorbent types

X B 3 R A W B R E M AP

Most studies have been done on silicates and aflatoxin
AT ETRNARNREEEYREENENER
Limited data for inorganic polymers (PVP & cholysteramine)
ERRSYNARERER

Research on bacterial adsorption is beginning and promising

A 470 R A 58] B9 BT S N el 2 25 B T BE R R




Aflatoxin Testing Kits for DDGS

Approved by GIPSA)

XBERVEREEREEERXEEAR
WA EREZERHERESZNRBER

Brand Name® ¥ | Manufacturer®i&ER | Test Range#® Rl §i [E

Veratox Aflatoxin Neogen Corporation 5 —50 ppb
Ridascreen FAST SC R-Biopharm 5—- 100 ppb
Aflatest Vicam 5— 100 ppb

FluroQuant® Afla IAC ~ Romer 5—-100 ppb



Fumonisins Testing Kits for DDGS

(Approved by GIPSA)
XBERYVEREEREEERZEEBRAR
WO EXRFEEHAERAESZNIRBEE

Brand Name® f@# | Manufacturer®i&ifg | Test Range® Rl & E

AgraQuant Total Romer 0.5-5 ppm
Fumonisin 0.25/5.0



Zearalenone Testing Kits for DDGS
(Approved by GIPSA)
XEBYEREEREEERZEBEBRR
MR EKEZEM ERFRENmRER

\//

Brand Name®f@# | Manufacturer®i&ifg | Test Range® Rl & E

ROSA® Zearalenone Charm Sciences, Inc. 50 — 1000 ppb






