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Energy is Not a Nutrient!
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ltem Permeate-1 Permeate-2

K45 Ash, % 8.96 1.72

ME, kcal/kg DM 3,081 3,593

Kim et al., 2012
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ltem SEdiaverage Bt/PMin Bt kMax R ARHCV
B HFicr % 51.9 45.7 57.2 6.2
HE Fi AE, o 13.1 11.6 15.2 10.5

K5 ash % 27.3 20.6 33.2 13.8
BECa. % 8.6 5.2 11.0 20.7
BEP. % 4.2 2.6 5.3 19.1

% Ca = 0.456 X JK4rash —4.015 (R2 = 0.97)
% P = 0.2044 X JR4} ash — 1.424 (R2 = 0.96)

I Sulabo and Stein, 2013
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Digestibility of P and Ca

STTD of P (%) = 66.345 + 4.225 X ash — 13.126 X Ca
(R2 = 0.83)

ATTD of Ca (%) =67.316 + 3.833 X ash —12.398 X
OF]

(R2=0.87)
STTD=Hx#E & 78 JH A%

ATTD=3W = i i i 2
ash: K4y

Sulabo and Stein, 2013
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Ash in Fish Meal

M Ash mCa
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Energy in Fish Meal (ME/KQ)

NRC, 2012 Univ. IL, 2012
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Conclusions on Ash
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Important component

i jﬁﬁ%‘tiﬂ%ﬁ . H Specifically in animal proteins

A ashix£Ein B B MERBIEEREE
—  But also ® Caand P {Bth 8 fn4sEFnas

H. H. Stein




UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

B H MR R

Protein and Amino Acids




®EIR CP, %
AR Lys, %

BERSEARNE D 6.35 1.88 2.84
tbLys, % of CP

BRRSEARNE S 1.37 0.70 0.76
tt Trp, % of CP
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Ready for collection
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Attach Bag to Cannula
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Full of Digesta
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Empty Digesta into Pitcher
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R Bl iE R (AID)

Apparent lleal Digestibility

TR R
3gLys

205E R R TR
20 g Lys
AID, Lys: (20-3)/20 x 100 = 85%
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AID In corn — SBM diet

HAR KSHNER HEAR HER

Pedersen et al., 2005



*P <0.05

I Stein et al., 2005
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b [ i 1 1L 3 (SID)

Standardized IIeaI Dlgestlblllty
3gLys

1g basal 29 feed Lys +
end.Lys Spec.end Lys

] '.Hq ¥ 0 .7.‘
L 1
X,
‘ S
.

20 g LyS A .

SID: [20 — (3 - 1)]/20 x 100 = 90%
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Alternative protein source
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gmﬁSu nflower seeds

i ERE

Cottonseed meal

%ﬁ*ﬁCanola meal

| I %EZ%%*HSunﬂower meal dehulled
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SID of Lys, %
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Digestible Lys, g/kg

SFM SFM-DH SBM
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%ﬁllwi W, Maillard Reaction

?)ﬁ umLysme Lys Lys
T 1 N ey U
%5%@&Shiff Bases H A H H °
1 RMFBER  RRPEBEER
Reactive Lys Unreactive Lys
Amadori s FEEHERRHELR
1 Reduces Lys Digest.

REAT Y/ R R R

Melanoidins ! Reduces Lys conc.
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Heat Treatment of Soybean Meal

125° C &RE 125° CZEE 125° CHtETF
SHBZH Control — S¥H15 44 FA30 4% G304

Autoclaved SBM Autoclaved SBM Oven dried SBM
to 125° C for 15 to 125° C for 30 to 125° C for 30

[ 76.7 61.7 SYRS 7.4
a* 3.4 . 10.0 12.5 2.85

I Gonzalez-Vegaet al., 2011
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Effect of autoclaving time on AID & SID of Lys

LHEHN EFREEH
Linear effect < 0.001

X
S
Sl AID
ST ()]
To SID
o

Control Autoclave for 15 Autoclave for 30
in
%o A 4 N, M 304t

Gonzalez-Vega et al., 2011
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Effect on Lys/CP
5. fH Soybean meal

STRA ARE150% RE3009F BAHTERIO0
Control  Autoclaved  Autoclaved 438 0oven
15 min 30 min dried 30 min

ElHFew 485 492 483 491

BiEMLs 3.05 2.83
Lys/CP, % 629 5.75

Gonzalez-Vegaet al., 2011
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Practical Impact of Heat Damage

Ferdinando N. de Almeida
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Heat Damage of SBM
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Materials and Methods

Eﬁ@Color L*
B HJECP, %
MR BRLys, %
R R B H R

Lys:CP

Almeida, 2012, unpublished
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Almeida, 2012, unpublished
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Plasma Urea Nitrogen, mg/dl

Almeida, 2012, unpublished
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Determining degree of heat damage In
processed ingredients
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ﬁ&ﬂ@?ﬁﬁ@ Reactive Lysine

Lj&%i&‘émm Lys
v \

ﬂ%}iﬁzﬂgﬁlﬁ W i ZReactive
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Analyzed Lys
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Regenerated Lys (40%)

> ﬁﬁ@mrosine (32%)
>  Pyridosine (28%) {\ /\
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E*EE’JMEBJ% Heat Damaged SBM

T FHSoybean meal
SR REISHP RE300% HEAHB305

Control Autoclaved Autoclaved %:[:OVen dried
for 15 min for 30 min for 30 min

CP,% 485 492 483 491

Lys 3.05 2.83 2.69 3.07
Lys/CP, % 6.29 2.7/5 2.5/ 6.25

el 0.015 0.023 0.026 0.016

Furosine, %

I Gonzalez-Vega et al., 2011
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Reactive Lys Procedure, DDGS

SID Lys =
0.023 + 0.637 e

Measure Furosine

. HER PR

Calculate rLys

Predict SID Lys

Dr. Aer A. Pahm

H. H. Stein
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Validation of Equation

21 DDGSHEM 21
samples of DDGS

B BERE
Cannulated pigs
L R H P [B] B T AL
Z  SIDofLys

N EREARTE

Determination of furosine

I Dr. B. G. Kim
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Predlcted SID Lys concentratlon %

I Kim et al., 2012
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Lys:CP (%) in undamaged ingredients

. &1 Soybean meal:

. SZFFFHCanola meal:

. EKDDGS Corn DDGS:
. %K Corn:

. ZEIPFH Sunflower meal:
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- Determine concen
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usion on CP and AA

tration of CP and AA

Formulate diets based on SID of AA
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Calculate Lys as % of CP in heated ingredients

- N E FER 2R HRn M

Determine if ingredient

IS heat damaged

CN

H. H. Stein




UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

AE i

Lipids
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H 8 g i Dietary Lipids (AEE)

ltem AKWEY TEBHR Hi W5
CHO Protein Fat

Kcal/g ~4.0 5.6 9.5

. T#BE= (0.70 xJH4LEE) + (1.61 x FERF) + (0.48 X &
1) + (0.91 x FHHAR) — (0.87 x MRIEBRIERL4E)

- NE=(0.70x DE) + (1.61 x EE) + (0.48 x starch) +
(0.91 x CP) — (0.87 x ADF)

l NRC, 2012
H. H. Stein



DDGS, 9.2% Fat DDGS, 3.5% fat

I Ren et al., 2011
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“AID ®mATTD

Extracted fat Intact fat

FeHUIE i I SEEEI B DT
Kil et al., 2010
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ATTD, %

80
70
60
50
40
30
20
10

0
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LM K T7: Rl
Linear and Quadratic: P <0.01

Kil et al., 2010



I Kil et al., 2010
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Endogenous loss of Fat (g/kg bmiy

m lleal ® Total tract
¥ S gE
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Extracted fat
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Intact fat N

Kil et al., 2010
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Effect of Microbial Fat on TTTD

80

60

40

20

0 -

Corn oil

TR

H. H. Stein

M4TID mTTTD
PR E T bR S T T e

1111

HO-corn  DDGS Germ HP-DDGS FFSB

ToKEF mEBEDDGS KB S

I Kim et al., 2013
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%mﬂﬁﬂﬁ:ﬁ:ﬂ)ﬁ Pork Fat Quality

HA Diet

0% DDGS 30% DDGS

FRIEEF 0 10 20 30 0 10 20 30

Corn germ %

Reli Fat, % 3.0 47 6.1 7.3 6.5 7.6 8.7 10.5

Lee et al., 2012
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P H Y
Average Gain, kg per da

FRZE B 2 7 DDGSHIZER R &
Germ: NS DDGS: P < 0.05

m0germ m10% germ m20% germ wm30% germ

1.2
103 ¢ 1.03 4
1 0.94 094 095 0.94

0.8
0.6
04
0.2

0

0% DDGS 30% DDGS

Lee et al., 2012
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PR
Average Gain to Feed Ratio

Germ: NS TR DDGS: NS

m0germ m10% germ m20% germ wm30% germ
0.36 35 0.36 0.37 0.36 35 0.36 0.36

0% DDGS 30% DDGS

Lee et al., 2012
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FEIEER
Average Dressing percentage
Germ: NS DDGS: NS

m0germ m10% germ m20% germ wm30% germ

791 79.2 79 789 79 794 787 791

0% DDGS 30% DDGS

Lee et al., 2012
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TG HE 3R
Fat Free Lean Percentage
Germ: NS DDGS: NS

m0germ m10% germ m20% germ wm30% germ
54.7 551 538 54.8 96.1 544 551 6.1

0% DDGS 30% DDGS

Lee et al., 2012
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Hﬁﬂﬁ‘ Belly Flop
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DDGS: P <0.05

m0germ m10% germ m20% germ m30% germ

17.37

0% DDGS 30% DDGS

Lee et al., 2012
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Conclusions on Lipids

H RN ZON E R B iz E R (TID)

Digestibility should be determined as True lleal Digestibility
(TID)

- — B ERRATR EE FE LRI some

Ingredients have low TID of fat

» AAEBNABHENRE:SBHEAREE

Unsaturated fat in high quantities may result in poor pork fat quality

H. H. Stein
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- Apparent or standardized digestibility
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Questions on P-Dlgestlblllty ._
lleal or total tract digestibility L
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PR SRR

AID vs. ATTD for P

Low phytate corn
H- A5 ﬂ! I A

I

Soybean meal

W
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Bohlke et al., 2005
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Apparent, Standardized, or True Digestibility of P

- ATTD = Intake — output
%m&%fﬁ?ﬁwgf‘ ~)\'%r

- STTD = Intake — (output — EPL, <)

i S BB AR =T\ - (-
R IR HRZR) A

H. H. Stein I



ATTD, %

13.30% 27.30%

I Fan et al., 2001
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Whey Powder and Permeate

> <= L SN IN Ea =
o wam  EEanw BREZER
Whey powder  Permeate /B
Low-ash permeate
F¥/% om 95.8 97.7 98.4
B P, % 0.63 0.57 0.10

Kim et al., 2010




Whey powder Permeate Low-ash permeate
FLigHn THEBEIE (WG4 =ER
=k
i I Kim et al., 2012
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Basal Endogenous Losses
» RIE B E A RRIEEAMNER K FRNE
AtRERBEHEER

If ATTD values are corrected for Basal Endogenous
losses, values for STTD are calculated

H. H. Stein
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B iEH A

ATTD and STTD of P (%)

Whey powder Permeate

AL
ALk

H. H. Stein

TEAFF

Low-ash permeate

KK B EH
Kim et al., 2012



STTD, %

Tk DDGS. i MEDDG FAKMZF
I Almeida and Stein, 2012
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STTD of P In Fermented SBM
afoPhy 300 PRy

X R
; Rojas and Stein, 2012
1867
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Conclusions on Phosphorus
- No differences in ileal and total tract digestibility of P

BRI [E] i A S B H R B E R

« Diets should be formulated based on values for STTD of P

LB AR 5 B TE T AL 2R Oy S i ] H AR

« Fermentation increases STTD of P

RSB RO R 8 L 3

H. H. Stein
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Carbohydrates
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/KALE4) Carbohydrates

<= Monosaccharides
. XUHE Disaccharides

- FEB Oligosaccharides
. L Polysaccharides

- YEfr  Starch
- e ZHE+ARBE R NSP + lignin
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E}%ﬂ(ﬂ.é«”f@ Carbohydrates

. HipE Monosaccharides
. XUkE Disaccharides

. ZEFE Oligosaccharides
. £¥# Polysaccharides

— ¥y Starch
— JEEM ZFE+ARBFZENSP + lignin

H. H. Stein I
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Starch Digestibility in Field Peas

mRaw ®ExX75C mEx115C wEx155C

Linear: P<0.001

Total Tract
Elli7] M iE

I Stein and Bohlke, 2007
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DDGSH & 4 K %

Fermentation of Fiber in DDGS, %

M TDF | SDF " IDF

A

[=1 fizg B iE

Total Tract

I Urriola et al., 2010
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KW E PGS

Summary on Carbohydrates

o BABETTIL100%58 1k

- Sugars assumed to be 100% digestible in small intestine

. SRR E LR

. Starch measured as ilial digestibility

» SHHENE R E B H AR

« Fiber measured as ATTD of fiber

H. H. Stein l
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Overall Conclusions
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BIfHEACER: FHER. €

¥~ BEAIHE NG
lleal digestibility for AA, starch,
sugars, and fat

BAEHELR. B, g4
%ﬂﬁ%ﬁ Total tract

; digestibility for P, fiber, and
. energy

H. H. Stein LieE
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Apparent, true or standardized

EHGE: AR, 3
Standardized digestibility:
AA, P

EIHALER . el

True digestibility: Fat

ROWHAR: ek PEMA4E
Apparent digestibility: starch,
sugar, fiber

H. H. Stein i
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