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Table 2
Average milk production per cow per 300-day lactation from 1940 to 1995 in the US
Year Milk Milk 4% FCM* 4% FCM Fat Fat Fat
(kg /year) (kg/day) (kg/year) (kg/day) (kg /year) (ke/day) (%)
1940 2096 I 2090 7 83.5 .28 3.97
1950 2410 8 2393 8 9.3 .32 3.96
1960 3188 10.6 3072 10.2 119.8 0.4 3.76
1970 4423 14.7 4198 14 161.9 0.54 3.66
1975 4699 [3.7 4472 14 |72.8 .58 3.68
1980 5394 18 o[17 17.1 197.3 .66 3.6
[985 3908 19.7 3615 18.7 216.8 .72 3.67
1990 6705 234 6349 21.2 244.5 0.81 3.65
1995 7462 249 TO80 23.6 273.1 0.91 3.66

" 4% fat-corrected-milk or FCM is milk corrected to 4% fat, and is expressed in the formula FCM =0.4M + 15F, where M is the weight
of milk and F' s the weight of fat, with milk and fat all being in the same units.
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Table 2. Effect of cereal grain type on adjusted least squares means for rumingl and total-tract digestibility
of dietary nutrients

Item Barley Corn Wheat SEM  Pevalue
Ruminal digestibility” (% of intake)
NDF 394 39.3 448 6.0 (.89
Starels 70.6" ad.1" 8.9 3.3 (1.001
Total-tract dizestibility’ (% of intake)
DM 64.6 66,6 fi.2 1.3 007
0M 66.9 (8.4 fia.4 1.2 .15
NDF 47 456 104 2.8 .29
Starch h2.8 02.6 93.9 L. (.5

*Means in the same column with different superseripts differ (P < (.03), according to Saxton (1998).
“Number of treatment means were 30, 82, and 6 for barley, corn, and whest, respectively.

“Number of treatment means were 62, 335, and 11 for barley, corn, and wheat, respectively.
Ferraretto et al., 2013
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Table 1

Effect of the source of concentrate and processing method on in situ starch
degradability in the rumen from selected concentrate sources.

(adapted from Firkins et al., 2001 and Offner et al., 2003).

Feedstuffs Processing Starch content Degradation® ERD?Y
method (% of DM)
a (%) c(%/h)
Barley grain Untreated 57.8 51.5 350 91.3

Ground 46.0 38.7 859

Qﬁ al. 2010 /
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4 Scanning electron microscopy of starch granules in corn: A) starch granules heavily imbedded
K in prolamin-protein matrix, B) starch granules in opaque corn endosperm with less extensive /
encapsulation by prolamin-proteins (Gibbon et. al., 2003).
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(Ngonyamo-Majee, et al., 2008).
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Table 6. Effect of corn grain mean particle size

DRY*

50 to 1,000 to 1La00 to 3000 to 3500 to
Item LOOO pm 1,500 pm 2,000 pm 3,500 pm 4,000 pmm SEM  Pevalue

DM 69.5° 69.3° 67.8% 66.1° 59.2° L5 0.00
OAl 70.9° .7 69.3° 69.0% f61.4" 1.6 0.001
NDF 46.0 48.2 9.2 488 41.5 26 048

Starch 93.3° 93.2° 39,8 80.6" . 1.4 0.00

““Means within a column with different superscripts differ (P < 0.05), aceording to Saxton |

Ferraretto et al., 2013
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Table 7. Effect of corn grain mean particle size

DRY*
a0 to 1,000 to 1,500 to 3,000 to 3,000 to

Item 1,000 pm 1500 pm 2,000 pm 3,500 pm 4,000 pm  SEM  P-value
DMI (kg/d) 23.9 23.4 24.0 23.9 23.1 1.1 (.93
Milk (kg/d) 37.2 36.6 36.9 36.3 36.3 1.7 (.60
4% FCM (kg/d) 34.4 33.3 33.2 33.5 34.6 1.5 0.67
Milk fat (%) 3.50) 3.49 3.60 357 e, Hrird (.10 (1.30
Milk protein 3.06 3.07 3.03 3,03 2.96 (.03 (.36

(%)
MUN {mg/dL) 13.9 14.1 14.7 NAT NA (.5 0.07
kg of milk kg 1.55 1.56 1.50) 1.53 1.41 (.08 (.32

of DMI
kg of FCAM kg 1.44 1.42 1.39 1.42 1.37 0.07 {).86

of DA

'DRY = dry ground or rolled corn:
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Table 1

Effect of the source of concentrate and processing method on in situ starch

degradability in the rumen from selected concentrate sources.
(adapted from Firkins et al., 2001 and Offner et al., 2003).

Feedstuffs Processing Starch content Degradation® ERDP
method (% of DM)
a (%) c(%/h)
Maize grain Untreated 703 236 59 59.7
Ground 338 DD 679

Cracked 200 5.7

58.4

Formol treated 29.6 38 56.9
High moisture = = 86.8
Barley grain Untreated 578 515 35.0 913
Ground 460 38.7 859
Cracked 1.0 6.0 503
Steam-rolled 295 109 70.6
Formol treated 397 264 84.4
Wheat grain Untreated 67.6 604 329 93.9
By-products - 782 238 93.7
Leguminous Soybean meal 32.0 313 12.0 76.9
Ground peas 44.6 494 192 87.8
By-products Corn gluten feed 17.1 562 119 849
Brewers grains 54 770 17.4 89.5
® a = fraction of starch disappearing immediately, ¢ = fractional

degradation rate of potentially degradable starch.

b ERD = starch effective degradability (%): ERD=a +b c/(c+ k;): where b,
slowly disappearing starch fraction (%), and k,, fractional passage rate (4%/h).
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TABLE 5. Steam-flaking improves NE; of steam-flaked grains for lactating dairy cows,

Grain Flake Dry-rolled Steam- Steam- Increase”
Citation densit};l or cracked rolled flaked (%)

——— NEi, Mealkg DM ——

Corn
NRC (30) 1.84 2.04 11
Chen et al. (10) SR38, SF28 207" 217 18t
Plascencia and Zinn (38) SF25, SF30 2.44° 33

Flake density: SR38 = steam-rolled at density of 489 o/L (38 Ib/bu); SF25, SF28, SF30 = steam-flaked
at density of 322, 360, and 386 g/L, respectively (25, 28, and 30 1b/bu).

s y




-

\
© 33 NEQ g NEmM il 331 9yl b (98 5 4549 i1

NEm % 14 Qgsfiks-a Shyls & L 0s S Ay, (2002) LKL 5 Zinn ol 3b\/
el 3 oS als L 03y Si Sals @b ) miiss NEQ 90 19 5 i
.ol NRC 2001 (s3\ginsy xsdla 31 isr is! B owst U

Table 1. Performance and net energy advantage (%) of steam-flaked comn grain over dry-processed corn grain

Barajas and Zinn (1998) Urea

Barajas and Zinn (1998) Cottonzeed
Ward ot al. (2000)

Trialz average

NRC (1984) for beef cattle
NRC (1996) for beef cattle
NRC (2000) for dairy at 3x maint.

Steam-flaked corn,  Improvement over dry-

Mealkg processed corn, %
[tem Corn ADG,% DML% ADGDMI NE NE, NE, NE,
Matsushima and Montgomery (1967)  Ground 6.7 -5.0 12.2 241 1.70 12.2 17.3
Lee et al. (1982) Trial 1 Whole -11.0 -12.5 1By 2.53 1.81 64 8.4
Lee et al, (1982) Trial 2 Whole 15.1 2.0 12.8 2.35 1.65 124 171
Ramiraz ot al. (1985) Whola b.4 -4.3 11.2 242 1.71 14.1 18.8
Zinn (1987) Dry-rolled 1 -5.3 74 247 175 11.7 15.9

01 198 242 1T 209 272

Dry-rolled 1.6
Dry-rollad 10.1 -6.6 179 2.6 1.54 19.2 25.9
Dry-rolled 7.0 -7.0 15.0 254 1.82 156 20,0
(3ramn 238 167 b.2 i
Cracked 2.33 1.62 40 4.5
Cracked 2.24 1.55 9.3 115
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TABLE 1. Steam-flaked (SI'} compared to steam-rolled (SR} corn

improves totai starch digestion and lactation periormance by dairy
1

COWS.
Item SR? SF? SEM P«
Comparisons 6 6 griis
DMI, kg/d 26.5 26.5 0.4 0.93
3.5% FCM, kg/d 33.6 34.6 0.3 0.07
FCM/DMI 1.28 1.31 0.02 0.31
Milk, kg/d 35.8 38.0 0.4 0.02
Protein, % 2.90 3.06 0.02 0.11
Protein, kg/d 1.07 1.16 0.01 0.01
Fat, % 3.11 2.98 0.03 0.02
Fat, kg/d 1.12 1.13 0.01 0.44

Starch digestion,

total tract,% 87.4° 95.7° 2.0 0.05
\ Theurer. et al.1997 j
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