
I I 
eeding Value of I 

hrumlng the NEm m n d  NEg VBIUU of dry rdld corn BS 2.24 
and 1.55 M n l k g  mp&dy 

Rcr- NEm NEg 
Mabuahima and Menqpmery (lW7) 2.51 1.79 
L e e t a l ( 1 9 U l )  2.60 1.87 
Ramim et 81, (19eS) 2.60 1.87 
Zlnn, (1987) 2.54 1.62 
B m j n  8nd Zlna. (199E) 2.62 1.89 
WBd i t  84 (2000) 2.59 1.86 

I isnagc 2.58 1.85 

3.38 1.67 
ZJJ 1.62 

How does steam flaking bring 
about this dramatic improvement 

in the feeding value of corn? 

Eflcctr of steam flaking on performma o f  llnirhing 
beef s t r m  P a r d  et al., 2000,75% corn) 

ltnn 

MY weight 
Inltial 
FIN1 

Dally galn. kg 
Dally DML kg/l(err 

Fedgain 
NEm, McaUkg 
Corn NEm. Maw 

Gnin procesahg method 

DR SF 

366.5 3662 
562.2 571.2 
1.56 160 
9.21 8.57 
5.96 5.11 
2.11 1.37 
234 2.59 +15.5% 

Observed vs expected NE values for dry roll and 
steam-flaked corn (242-trial summary) 

Observed NRC.1996 

Td.h 185 57 

Corn NE& Mclvkg 

Dry rolled 1.43 1.50 +5% 

stcprn naked 1.65 1.62 -2% 

% improvement 15.4 8.0 

I I 

Sample 
RoWn 
011 
SbKh 
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Flow Endocpm \ 

Gelatinization 

Irreversible swelling of the starch granule 
In “practice”, it is defined by how its 
measured 

- Swelling power 
- Solubility 
- Enzymatic reactivity 

- LOSS of birefringence 

Gelatinization temperature range (GTR) 

Characteristic of 
- Starch species 

‘ - Crop production environment 
GTR of regular corn starch 62 - 72” C 
Moisture uptake (Leach, 1965) 
- !:2 at c62” C 
- 101 at 72” C (BEPT) 
- 24:l at95OC 

Composition of “typical” corn starch 

27% amylose 
- alpha 1-4 &ncosidic Linkages 
73% aItly1opedn 
- Lescompact 
- alpha14 glucosidic linked c h h  connected by 0 1-6 
glucosidic linkages (bush-like mdecule) 

Raw starch 

Exhibits a maltese cross birefringence when 
observed microscopically with plain 
polarized light 
Absorbs water and swells within 
gelatinization temperature range (GTR) 
- At beginning of GTR some loss of 

birefringence 
- At the birefringence endpoint temperature 

(BEPT) there is 98% loss of birefringence 

Starch species affects gelatinization 
(Leach 1%5) 

At 95” C for30 min 

Swellinn Solubilih, 
1 

GTR power, B/g % 
Corn S p i e s  

Rogular 62-72 24 25 

High amylose 6 12 

waxy 63-72 64 23 
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Environmental effects on BEPT 
of Waxy Corn (Freeman et al., 1968) 

BEPT. C 

waxy wm 
Texas 
Illinois 

78 

75 

BEFT 4% higher lor corn gown in Coastal Texas than in the 
High Plains 

Disruption of the protein matrix 
surrounding the starch granule 

-moisture uptake by the starch 

-degree o f  shear (flake thickness) 
Disruption of the matrix will also 
increase starch solubility 

A function of: 

granule 

FLAKING MILL 

The objective of steam flaking is 
to optimize feeding value 

The primary factor limiting digestion is the 
availability of starch to the enzymatic 
process. 
T5: ! iz2 i :~ t i~~ is E"! ::>!e:*: 2 !-:::&$E c!. 
starch solubiti ty 
- Raw corn starch has very low solubility (3%) 

but very high ruminal digestibility (>90%) 
Disruption of the protein matrix capsdating 
the starch granule is a key limiting factor 

Hence, the process of stearn flaking is intended to: 

1 Induce moisblre uptake or swelling of .starch granules 
2 Application of shear to swollen grnnules to disrupt the 

pmtoin matrix 

c..n .._I-m ..c-+ .... ...i..-.,- ,..,....., L,. .._, I m..~.:.." 

on enzymatic starch rwcti*?ty ( (h im et al., 1Y70J 
.̂ ...".,.._. .,. ...-... ".-+ . .'"...>.* 

Unirntcd 16 
Slnm. no( dated 12 
Stesm-flaked 

cowre 14 

Mallurn 31 

Tkla 41 

ROLL CORRUGATION 
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FACTORS IN 
FLAKE 

QUALITY 

STEAM 

FLAKE DENSITY 
COMPARISON 

P 

M Ib Rak. 24 Ib Fish* 

Influence of tbe distance between rolls and flake 
density on percentage of fecal starch. 

&lakc density, Lb/bushel 

28 32 Distanccbclwmroils 20 24 

0 1.4 3.5 5.1 11.6 

.I 1.36 3.35 4.82 8.73 

Difference, % -2.9 -4.3 -5.5 -24.7 

What constitutes quality? 

Common measures include: 
- Flake density 
- Flake thickness 
- Enzymatic starch reactivity 

RcbUalblp bemeen dcrully ofslam hked w n  mnd inwsurumeatn of 
h k e  thkkncu and In vitro claymdc dLgcaUMilty d N r c h  (zlnn. 1990) 

Flake density, lbmu 
Item 28 24 20 
RepUata 5 5 5 
Dry mattar, % 84 84 85 
Flake thlckeg. m a  2.23 1.83 1.68 
I n  vltro enxymatk  dLgesUbWy, H total eta& 

Amyb~ucoai&.u 6.0 9.1 121 
Porcine pncrutln 142 23.6 33.0 
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Innuence of  density orstnm (hked corn on chanclcrhtkr or 
digestbn of a Ilnbhlng diet by feedlot s t s m  Qlnn. 1990) 

Fhke density, kgll 
Iton 28 24 20 

Starch d@csUa Ye Intake 
Ruminal 19.8 82.6 869 
Total tract PUS 99.1 99.6 

Influence of flake density on starch reactivity 

I I 

How much moisture should be added? 

What is the optimum stmining time? 

InnuclKe of density of steam (hked corn on feedlot performance and 
estimated net mew value o f  diets Ted to stctn (Zinn, 1990) 

Flake density, I b h  
Ibern 28 24 20 
AJW Wd 1.40 139 132 
DMI Wd 7.49 731 7.16 
F d G a i n  537 5.24 5.48 
Diet Energy, Meallkg 

Maintenance 2.2s 231 2.27 
Gnin 1.56 1.62 1.58 

Maintenance .99 1.02 1.00 
Glin .98 1.02 -99 

Observed/erpected diet net energy 

Influence of flake density on amyloghrcosidase reactivity 

Influence or atamins Ume on churcte&tla orakaoAmked cwn 
CWns 1990) 

Dry Stesm flaked FMI 

rolled Starnin(l the, mln 
corn 

1- 34 41 61 

Dry matter, H (M 8 3 8 3 8 0  

Bulk denafty. kglllter .54 3s 3 s  32  

In vi- atarch mdlvit j ,  

94 total starch 33 52. 64 11.7 

I I 
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I n n m u  of atcamins time on chwxtcrhtin orrmmind. 
htntlnal and total tract starch dlgcatien @Inn, 1990) 

Dry mued Steam llaked m 
corn Corn staming time, mln 

6? Itan 34 47 
Starch dlpslon, % 

Rumloal 69.3 849 79.1 85.8 
SmmUInteatinaldIgeaHon 543 93.6 9&1 95.6 
Total t n c t  91.1 99.4 99.4 99.7 

Llaymatk starch wdlmMIIty and In vWm dry matter dbappmnnce 
WMD) o f  steam flaked corn obtained d I W y  onthe rolla (Roll) 
Or after bdng conveyed to a storage bln (BIN) 
w a r d  and Galyean. 1999) 

I I h  Roll wmpks Bin sampla ‘ 
st.rcb aralhbllny, % 55.3 33.3 

IVDMD, % I 
4 4  
sh 
1Zb 
18-h 
24-h 

21.79 
27.66 
43.16 
67.3 
84.01 

20.32 
34.51 
45.98 
69.m 
8435 

Fecal starch, a more reliable tool for 
assessing adequacy of corn processing. 

Retrogradation 

Re-association of dispersed starch 

Stability of the gel affected by: 
molecules 

- proportion of amylose 
- degree of dispersion 
Results in a decrease in porosity of the 
internal granular matrix 

Treatment erect8 OD d u n N r l a t k a  of dlgatlon ora flnirhlng dlet 
by reedlot s t e m  @Inn nnd &raja% 1997) 

steam flaked corn 
ItQU h+ Fresh 

4.232 4.180 Starch Intake. d d  

361 3 75 Starch l c q  abomasum gld 
Starch digestios K 

Rummal 91 5 902 
P O ~ - I l u m N I I  94 9 95 0 
Total hac1 996 9 9 5  

lohl 99.0 (0.7) 90.5(3.0) 80.3 (3.9) 
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The NE value of corn can be explained as a 
function of starch digestion 

12.2 - 
$ 10.2 - 

3 L. 8.2 6.2 - - 
4.2 - 

f 2.2 - 

I NEm, McaYkg = .032DS - .70 R2 = .88 

DS. */e = tohl tract starch digestion 

/ /-=- Wad FS - 15 64.19% 'FT+ 7 W- FT' 

Influence of flake thickness on Amyloglucosidase 
reactivity. 

15 1.n 1 225 2 5  1.75 

Flake thickness, mu 

Influence of corn variety on 
response to steam flaking 

Regular 
highmylose 

High oil 
waxy 

Testing measures of flake quality 

A comparison of whole shell ngular vs waxy corn 
varieties (Brahman et al., 1973) 

Whole shell corn (W!) 
Regular waxy 

steers 24 24 
Initial wt., kg 329 321 

ADG, kg 1.54 1.64 +65% 
Feed intake, kg 7.57 7.81 

Final wt., kg 50 1 505 

Feed:gain 4.91 4.71 -29% 
NJ5m corn, McaVkg 2.24* 2.26 +1.0./. 

131 



A comparison of cracked regular vs waxy corn 
varieties (Brahman et al., 1973) 

steers 
Initial wt., kg 
Final wt., kg 

Feed intake, kg 
Feed:gain 
NEm corn, McaVkg 

kg 

.NRC (I969 

Cracked corn (90%) 

30 30 
3 14 326 
454 474 
1.48 1.55 +4.7% 
8.2 8.3 
5.57 5.37 -3.6% 

Regular waxy 

2.24' 2.33 +4.0% 

Commercial feedlot comparison of steam-flaked 
regular vs waxy corn varieties (Snyder et al., 1974) 

Steam-flaked corn (85%) 

Regular waxy 
Steers 2408 2389 
Initial wt., kg 320 319 

ADG, kg 1.57 1.57 
Feed intake, kg 12.8 12.9 

Final wt., kg 474 474 

Feed:gain 8.12 8.21 

A comparison of steam-flaked regular VI h i g h 4  corn 
varieties (Derington et al ,  2000, CMBSS adjusted) 

Steam-flaked corn (77%) 
Regular + 
3 . Y ?  fat Hieh-oil 

Initial wt,  kg 287 290 
Final wt., kg 588 582 

kg 1.82 1.77 -27% 
Feed intake, kg 8.46 8.68 +26% 
Feed:gain 4.65 4.90 +5.4% 
"Em corn, Mcalkg 2.38* 2.45 +29% 

.m (Im Expected NErn = 2.51 Mealkg 

Regular vs waxy corn varieties, 7-trial summary 
(Henderson, 1974) 

Corn (>70??) 
Reeular WaxV 

ADG, kg 1.44 1.52 +5.6% 
Feed intake, kg 8.91 9.07 +1.8% 
Feed:gain 6.17 5.93 -3.9% 

Note: growth performance suggests that the NEm of dry processed 
waxy corn is roughly 2.5% greater than that of regular corn. 

Item i4orrnai nigh oii 
Oil, X 4.0 7.5 
Protein, % 3.U 

NFE, % 82.4 78.3 
TDN, % 53.2 5z.3 
NEm, McaWkg 2.24 2.35 

n r  
J . 0  

- A  

Ruminal vs small intestinal starch digestion 

Digestibility of starch in the small intestine 
is 25 to 35% lower for DR than for SF corn 
However, energy recovery from starch 
digested in the small intestine is 25 to 30% 
greater than for starch digested in the rumen 
Additional metabolizable protein recovery 
from increased ruminal starch digestion 
may be critical - particularly in light-weight 
cattle 
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Low intake High h k e  
Itna DR SF DR SF 
sClrchIntake,dd 1.679 1.- 2,435 2,405 
*rch dlgntlon, Y. 

Ruminal 70.9 88.8 70.4 820 
Port-rumlnmi 65.7 85.9 61.5 95.9 
Tot.1 tnd 96.4 99.0 89.3 99.1 

Conclusions 
Steam flaking h u e s  the NEm and NEg valuu d 
corn by 15 and 19%. respectively. 
NRC(1996) underestimates the NEgvalue of steam- 
flaked corn by 2?4 
- NEm = 240 Mealkg 

NRC(1996) ovemUmatcs the NEg V ~ R C  of dry rolled 
corn by 5%. 
- NEm = 2.09 Mcnvks, 

- NEg = 1.69 Mclvkg 

- NEg =s 1.43 Muykg 

Conclusions 
Starch dlwtion is a highly predictable hct ion of feed 

#lake fhicknas and flake density are d o d y  usodabd 
M e a u m  of starch ractivity may not be mom reliable 
than flake thickn- as indicators of adequacy in grain 
P-g 
Deenions regarding the adequacy of steam flaking 
should be based m fecd starch analpis 
Reliable estimates of f e d  starch can be obtain fnnn a 
composite of 10 fresh f m l  samples 

st.1~41 SD, % = 100 - .65FS R* = .91 

Interaction of corn pnmuing and level of feed intake ar 
characteristics of starch digestion 

(Zinnctal1995) 

L m  Iotnke Hlgh Intake 

Item DR SF DR SF 
~- 

Starch M e ,  g/d 1.679 1,658 2435 2.405 

Surchkavmgabomasum.gld 489 184 721 433 

Post-rurmnsl Starch hhgcstim 

8 

?4 

321 I58 443 41s 

65.7 85 9 61.5 95.9 

Conclusions 
I h e  primary objective of steam flaklng is to optimize 
feeding value 
- This may be more a function of disruption of the 

protective protein matrix than increasing starch 
solubility 

Retrogradation of flaked corn that occurs during 
drying does not neassrrify decrease the feeding value 
of flaked corn 
The NE value of corn is a predictable fundion of starch 
digation NEm, Mal!kg-.O3tDS - .70 R'=.88 

Barley 
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Energy value of barley (NRC, 1984) 

Whole Ground Flaked 

TDN, % 84 84 84 

NEnqMnlnlg 2.06 2.06 2.06 

** NEn - .0305 TDN - .SO58 ** 
IMPROVEMENT 0% 0% 

1 I 

-~ ~~ ~- 

Influence of barley flake density 
on enzvmatic starch reactivitv 

10 20 30 

Flake den-, lbdbushel 

Site and extent of digation of barley starch 

~ ~ ~ 

Dry Rolled Steam Rolled 
h m m  Totaltract Rnmcn Tot81 

tnd 
h u a m  d d. 19m 92.0 
Zinn ad. 1996 82.8 95.8 90.8 sal 

n-9 1997 81.0 94.0 
Spku  d d, 1986 88 99 
Zlnn, I%? 86 98 
ZInn, 1988 91 99 
Zlnn 1989 89 99 
Rodrkguea e d, 2ooo 92 99 
Avenge 79.86 94.2 893 99 

zinn, 1993 75.8 95.0 89.0 99.0 

Barley grain composition 

Range 55-14 10-19.5 5.2-7.0 55-67 

1nlucnc-c o f  stnm p r d n g  on starch dlgedon of rolled 
barley In feedlot a t U e  (Summary: Huntington, 1997) 

Dry Stum 
Itnn Rolled rdkd 

%rch dlgntion, */. 
Ruminal 793 846 +7% 
Total tract 93.4 9a.2 +5% 
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I I 
Influence of barky flake density on growth-perfornunre 

m a d  charactertatlo of dlgutlon In feedlot cattle 
(Hironnka et d, 1992) 

I mor a r * y  
hiaidmanre 1.165 2.21s 2.063 1.0 

Gnln 1.489 1.m 1.4a 1.1n 

Starch dt(p.tlon. W 94.) n.1 91.4 s6.9 

Influence of pain procaning en ctuncterWa of dlption In 
feedlot ateen @Inn, 1993) 

Stam-rollad barley 
Itan %am w corrrsc Thln 

Flaked Rokd Flake Flaka 
Corn Barley 

Starch diguhon. 90 
Rlmunal a39 75s  8 8 2  901 

Total tract 9 8 3  990 979  988 
Fml m a l  900 786 813 866 

DE. Mcavlrg 347  3 2 4  336 3 4 0  
ME. McaV 304  271  2 7 7  296 

D l m a U a d T f i . r r . l r r h  e 4 W l r w  

I 
Iducncc of  @n pmcessiag on c h a r a r t d s t k a  o f  corn and barky 

(Unn 1993) 

Influence of  grain proceasing on ruminal pE. VFA molar proportiom 
and estimated methane prodlrtlon 

(Znn 1993) 
S I C a n - d a d  May 

% I s a n  ClyROllcd c- Ttnn 
ItQl ?hkdcCnl Bday F b h  h k 0  

PH 5 %  5 70 J63 535 

Runml VrA. mud. 

Acctata 39 3 49 3 494 40 1 

FTcQmto 51 6 36 6 339 506 

Butyrats 9 1  14 1 16 7 9 4  

21 39 42 22 

D * . a a L I . l 7 n . r - m e b D l d k l  

Influence of&n proccasing on NE value of the diet 
(unn, 1993) 
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Iduencc of grain p r o c ~ ~ i ~  on car- chsmteriatlm 
(ann. 1993) 

9 h w  RaLd 
COm 

303.7 

6S.5 

80.1 

1.67 

2.79 

3.85 

49.1 

3.3 

stcmn-mued w a y  

hyRoued CopnSFl& Tho 
B&n/ R&o 

314.7 311.5 312.2 

64.6 65.1 64.3 

80.2 81.6 82.3 

1.71 1.81 1.n 

1.W 3.w 2.94 

3.77 3.67 3.87 

48.8 48.8 49.1 

3.6 37 3.7 

Conclusions 
Steam flaking barley may increase: 
- Ruminal and total tract starch digestion 
- NE value 
- Energy intake 
- ADG 

due to flaking is dependent on susceptibility to dry 
Relative improvement in feeding value of barley 

rolling 
Feeding value of flaked barley is optimized at 
flake densities of less than .39 kg/L 
lbsbushel) 

(30 

Inllucncc of grain processing on a v m p  daily gain (Ldd) 
in feedlot steers 

Influence of processing on the feeding value of barley 

Whole Ground Flaw 

Starch dbrt iw ,  a,+ 87 94 99 

TDN, Y. 80 84 87 

NEm, MnIfkg 1.93 2.06 2.1s 

** NEm = .0305 TDN - 4058 ** 

IMPROVEMENT 7% 11Y. 
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