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396 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Barley Si lage. Barley Silage, Beel Pulp. Dry, Beet Pulp, 
Feed Name Mid-Maiuri1y Vegetative Beet Pulp. Dry Molasses Added Wei Hay 

Phe. % CP 3.42 3.42 3.6 1 3.61 3.61 3.92 
Thr. %CP 2.5 1 2.51 4.46 4.46 4.46 3.60 
Trp. % CP 1.42 1.42 1.08 1.08 1.08 1.24 
Val. % CP 4.80 4 .80 5.54 5.54 5.54 4.51 
TFAs, % OM I.70 2.07 0.63 0 .63 0.64 1.25 
Cl2:0. % TFA 0.80 0.80 2.82 
C l4:0. % TFA 5.50 5.50 I. I 8 
C l6:0. % TFA 43.40 43.40 26.66 26.66 26.66 30.30 
Cl6: 1, % TFA 0.39 0.39 0.39 1.42 
Cl8:0. % TFA 4.10 4 .10 0.89 0.89 0.89 3.99 
C 18: I mms. % TFA 0.1 4 0.14 0.14 1. 14 
C l8: 1 cis. % TFA 7.30 7.30 I I.5S I I.SS I I .SS 3.32 
C l8:2, % TFA 12.30 12.30 49.83 49.83 49.83 18.79 
C l8:3. % TFA 2.40 2.40 6.35 6.35 6.35 20.75 
Others. % TFA 24.20 24.20 4.1 9 4.19 4. 19 16.29 

Bemmdagrass 
Silage. Blood Meal. Blood Meal. Brewers 

Feed Name S ilage. Mature Mid-Maturity High dRUP LowdRUP Grains. Dry Brewers Grains. Wet 

CP. % OM 10.27 14 .59 96.97 %.97 25.49 28.08 
Arg. %CP 3.88 3.88 4.20 4.20 5.80 S.80 
His. % CP 1.63 I.63 6.00 6.00 2.28 2 .28 
lie. %CP 3.32 3.32 1.08 1.08 4.02 4.02 
Leu, %CP 6.22 6.22 12.40 12.40 8.30 8.30 
Lys. % CP 3.49 3.49 8.77 8.77 3.S5 3.55 
Mel. %CP 1.30 1.30 I.I S I.IS 2 .14 2.14 
Phe. % CP 3.92 3.92 6.79 6.79 5.54 5.54 
Thr, %CP 3.60 3.60 4.55 4.55 3.59 3.59 
Trp. % CP 1.24 1.24 1.58 1.58 1.34 1.34 
Val. % CP 4.51 4.51 8.32 8.32 5.47 5.47 
TFAs, % DM 1.35 1.44 1.3 1 1.3 1 8.3 1 7.61 
Cl2:0, % TFA 1.44 1.44 0.1 I 0.1 I 0 .14 0.03 
Cl4:0, % TFA 0.50 0.50 1.48 1.48 0.73 0.4-0 
Cl6:0. % TFA 2 1.08 2 1.08 21.62 21.62 26.69 24.49 
Cl6: 1. % TFA 1.3 1 1.31 1.02 1.02 0.20 0.20 
Cl8:0, % TFA 2.42 2.42 2 1.66 2 1.66 2 .24 1.83 
C 18: I trans. % TFA 5.1 3 5.13 
Cl8: 1 cis. % TFA 4.86 4 .86 26.47 26.47 14 .60 11.23 
C l8:2. % TFA 24.88 24.88 14.89 14.89 48.87 53.82 
C l8:3. % TFA 32.46 32.46 0.46 0.46 4 .57 5.37 
Others, % TFA I 1.06 I 1.06 7.1 6 7. 16 I.95 2.63 

Candy (Nol 
Brewers Brewers Calcium Chocolate) Candy By-product, Canola Meal, 

Feed Name Yeas!. Dry Wer Soaps By-product High Protein Solvent Extracted 

CP. % OM 50.72 43.32 0.00 2.37 14.63 41 .49 
Arg. % CP 0.85 0.85 2.25 2.25 5.93 
His. % CP 0.4S 0.4S l.S7 2.66 
lie. %CP 0.7 1 0 .71 3.60 3.60 3.93 
Leu, % CP 6.52 6.S2 6.92 
Lys. % CP 0.65 0 .65 2.25 2.25 5.51 
Mel. % CP 0.34 0.34 l.S7 1.57 1.97 
Phe. %CP 0.67 0 .67 3.82 3.82 4.00 
Thr, % CP 0.60 0 .60 3.82 3.82 4.43 
Trp. %CP 0.13 0 .1 3 0.67 0.67 1.34 
Val. % CP 0.8 1 0.81 5.84 S.84 S.I I 
TFAs. % OM 0. 1 I 2 .34 84.SO 0.25 I I.I I 2.SI 
Cl2:0. % TFA 0.20 0.23 6.54 
Cl4:0, % TFA 1.60 0.35 5. 13 0.19 
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NUTRIENT COMPOSITION OF FEEDS 397 

TABLE 19-2 Continued 

Candy (No1 
Brewers Brewers Calcium Chocolate) Candy By-product Canola Meal. 

Feed Name Yeast. Dry Yea-;1. Wei Soaps By-product High Protein Solvem Extracted 

CJ6:0. %TFA 50.80 18.55 18.24 9.76 
C l6: 1. %TFA 0.23 0. 14 0.90 
Cl8:0, % TFA 4.10 7.94 18.81 2.24 
Cl8: 1 trtms, % TFA 17.44 9.08 0.61 
C J8: I cis. % TFA 35.70 38.75 30.81 45.21 
C l8:2. %TFA 7.00 15.56 7.78 31 .45 
C l8:3. % TFA 0.20 0.20 0.58 7.71 
Others, % TFA 100.00 100.00 0.40 0.74 2.89 1.92 

Canola Seed. Chocolate Citrus Pulp. Citrus Pulp. Cool-Season Grao;s Cool-Season Grao;s 
Feed Name Ground By-product Dry Wet Hay. Mature Hay, Mid-Maturity 

CP. % DM 23.36 10.00 7. 19 8.66 9.23 13.28 
Arg, % CP 5.93 2.25 3.72 3.72 4.10 4. 10 
His.% CP 2.66 1.57 1.70 1.70 1.94 1.94 
lie. % CP 3.93 3.60 2.88 2.88 3.% 3.% 
Leu. %CP 6.92 6.52 5.25 5.25 7.39 7.39 
Lys. % CP 5.51 2.25 2.72 2.72 4.85 4 .85 
Mei, %CP J.97 1.57 1.04 1.04 1.64 1.64 
Phe. % CP 4.00 3.82 3.62 3.62 4.78 4.78 
Thr. %CP 4.43 3.82 2.94 2.94 4.10 4. 10 
Trp. %CP 1.34 0 .67 0.95 0.95 2.09 2.09 
Val, % CP 5.11 5.84 3.85 3.85 5.22 5.22 
TFAs, % DM 39.46 20.68 1.72 1.72 0.95 1.58 
CJ2:0. % TFA 6.54 0.67 0.67 0.89 0.89 
C l4:0. %TFA 0.19 5.13 0.56 0.56 
C l6:0, % TFA 9.76 18.24 26.85 26.85 15.22 15.22 
Cl6: 1. % TFA 0.90 0 .14 0.59 0.59 1.48 1.48 
C l8:0. % TFA 2.24 18.81 4.93 4.93 1.29 1.29 
C l8: 1 1ra11s. % TFA 0.61 9.08 0.05 0.05 
C l8: 1 cis. % TFA 45.2 1 30.8 1 23.30 23.30 2.52 2.52 
C l8:2. % TFA 3 1.45 7 .78 34.92 34.92 16.62 16.62 
C l8:3. % TFA 7.71 0.58 6.42 6.42 55.50 55.50 
Others. % TFA 1.92 2.89 1.70 1.70 6.49 6.49 

Com. Ear with Corn. Ear with 
Husk and Some H usk and Some 

Cool.Season Stalk. Ensiled. Sta lk. Ensiled. Corn and Cob 
Feed Name Grao;s Silage High Fiber Low Fiber Meal, Dry Corn Cobs Corn Germ 

CP. % DM 13.42 7 .95 7.83 8.41 2.97 15.42 
Arg, % CP 3.06 3.85 3.85 3.30 4.00 6.64 
His.% CP 1.66 2 .69 2.69 2.79 2.94 2.99 
lie. %CP 3.57 3.46 3.46 3.54 3.50 3.08 
Leu. %CP 6.12 12.98 12.98 13.00 12.70 8.22 
Lys, % CP 3.28 2 .69 269 2.60 2.78 4.58 
Mei, %CP 1.2 1 J.83 1.83 2.00 2.50 1.78 
Phe. % CP 4.37 5.00 5.00 4.50 4.72 4. 1 I 
Thr. %CP 3.34 3.56 3.56 3.56 3.59 3.83 
Trp. %CP 1.07 0.68 0.69 1.40 
Val,% CP 4.89 4.42 4.42 4.74 4.78 4.86 
TFAs, % OM 1.84 2.89 3.1 I 3.26 0.35 16.89 
Cl2:0. % TFA 6.56 
C J4:0. % TFA 0.54 0.30 0.30 0.30 1.15 0.71 
Cl6:0, % TFA 16.76 13.60 13.60 13.60 12.69 16.90 
C l6: 1. % TFA 1.67 0 .20 0.20 0.20 0.12 0. 13 
C l8:0. % TFA 1.94 1.80 1.80 1.80 1.94 2.04 
C l8: l 1ra11s. % TFA 
C 18: I cis. % TFA 3.80 26.00 26.00 26.00 25.10 25. 17 
C l8:2. % TFA 19.% 55.10 55. 10 55. 10 56.25 52.64 
C l8:3, % TFA 44.30 1.60 1.60 1.60 1.69 1.47 
Others. % TFA 4.46 1.40 1.40 1.40 1.05 0.94 
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398 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Com Geml Com Gluten Corn G luten Com Grain Dry. Com Grain 
Feed Name Meal Feed. Dry Feed. Wet Corn Gluten Meal Coarse Grind Dry. Fine Grind 

CP, % OM 26. 14 23.19 23. 11 68.52 8.5 1 8.51 
Arg. %CP 6.64 4.58 4.58 3.14 4.75 4.75 
His. %CP 2.99 2.94 2.94 2 .02 2.88 2.88 
ne. %CP 3.08 2.99 2.99 3.98 3.38 3.38 
Leu,% CP 8.22 8.46 8.46 16.35 12.00 12.00 
Lys. % CP 4.58 3.08 3.08 1.64 3.00 3.00 
Met. %CP 1.78 1.59 1.59 2 .38 2.00 2.00 
Phe. % CP 4. 11 3.48 3.48 6 .1 8 4 .88 4.88 
Thr. %CP 3.83 3.58 3.58 3.34 3.63 3.63 
Trp. %CP 1.40 0.50 0.50 0 .54 0.75 0.75 
Val. %CP 4.86 4.73 4.73 4.51 4 .63 4.63 
TFAs. % DM 2. 11 3.38 3.09 1.44 3.84 3.84 
C l2:0. % TFA 0.03 0.3 1 
C l4:0,% TFA 0.7 1 0.99 0.06 0 .22 2.33 2.33 
C l6:0. %TFA 16.90 23.94 20.87 13.62 13.21 13.21 
C l6:1. % TFA 0. 13 0.20 0.32 0 .08 0.12 0. 12 
C l8:0, % TFA 2.04 2.5 1 4.30 2 .17 1.99 1.99 
C l8:1 tra11s, % TFA 0.13 
C l8:1 cis . % TFA 25. 17 17.19 19.08 22.22 24.09 24.09 
C l8:2. % TFA 52.64 50.48 49.97 57.46 55.70 55.70 
C l8:3. % TFA 1.47 3.2 1 2.90 2 .77 1.62 1.62 
Others. % TFA 0.94 1.44 2.07 1.47 0.94 0.94 

Corn Gmin Com Grain. Corn Grain High 
Dry. Medium High Moisture. Moisture. Fine Corn Grain Com Grain. 

Feed Name Grind Coarse Grind Grind Screening.~ Steam-Flaked Com Hominy 

CP, % OM 8.51 8.5 1 8.5 1 8.56 8.00 10.06 
Arg, %CP 4.75 4.75 3.85 5.00 4.75 6.20 
His. %CP 2.88 2.88 2.54 2 .67 2.88 2.80 
ne. %CP 3.38 3.38 3.38 3.26 3.38 3.20 
Leu,% CP 12.00 12.00 11.60 10.12 12.00 9. 10 
Lys, % CP 3.00 3.00 2.64 3.60 3.00 4.30 
Met. %CP 2.00 2.00 2.1 1 1.86 2.00 1.90 
Phe. % CP 4.88 4.88 4.56 4 .65 4.88 4.30 
Thr. %CP 3.63 3.63 3.68 3.84 3.63 3.80 
Trp, %CP 0.75 0.75 0.98 0 .8 1 0.75 0.90 
Val. %CP 4.63 4.63 4.90 4 .42 4.63 4.80 
TFAs.% DM 3.84 3.84 3.57 3.18 3.14 5.38 
C l2:0.% TFA 
Cl4:0. % TFA 2.33 2.33 0.26 0.87 2.62 
C l6:0,%TFA 13.21 13.21 13.57 14.14 12.92 13.96 
C l6:1. %TFA 0.12 0.12 0.1 9 0.08 
C l8:0. % TFA 1.99 1.99 1.83 2.05 1.86 2.37 
C l8:1 trtms. % TFA 
Cl8:1 cis. % TFA 24.09 24.09 25.99 23.72 23.17 24.80 
C l8:2,%TFA 55.70 55.70 55.08 56.43 58.38 53.38 
C l8:3. % TFA 1.62 1.62 1.64 1.97 1.82 1.81 
Others. % TFA 0.94 0.94 1.44 1.68 0.90 1.05 

Corn S ilage. Com Silage. Corn Silage. Com Stalks. Com Stalk. 
Feed Name Tm mature Mature 'fypical Ensiled. High OM Ensiled. Low OM Cotton Gin Tra~h 

CP. % OM 7.9 1 7.47 7.71 5.6 1 7.00 11.98 
Arg, %CP 2.32 2.32 2.32 2 .32 2.32 11.40 
His, %CP 1.7 1 1.7 1 1.7 1 1.7 1 1.7 1 3.32 
ne. %CP 3.4 1 3.4 1 3.4 1 3.41 3.41 3.39 
Leu. % CP 8.54 8.54 8.54 8.54 8.54 7.22 
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NUTRIENT COMPOSITION OF FEEDS 399 

TABLE 19-2 Continued 

Com Silage, Com Si lage, Corn Silage, Corn Stalks, Corn Sialk. 
Feed Name Immature Mature Typical Ensiled. High DM Ensiled. Low DM Con on Gin Trash 

Lys. % CP 2.80 2.80 2.80 2.80 2.80 4.66 
Mel. %CP 1.59 1.59 1.59 1.59 1.59 1.83 
Phe.% CP 3.90 3.90 3.90 3.90 3.90 5.63 
Thr, % CP 3.41 3.41 3.41 3.41 3.41 3.8 1 
Trp. %CP 0.73 0 .73 0.73 0.73 0.73 1.42 
Val. % CP 4.51 4.5 1 4.51 4.51 4.51 5.00 
TFAs. % DM 2.32 2.36 2.35 0.48 0.72 3. 14 
Cl2:0. % TFA 0.31 0.3 1 0.31 0.31 0.31 
C l4:0, % TFA 0.46 0.46 0.46 0.46 0.46 0.70 
C l6:0. % TFA 17.83 17.83 17.83 17.83 17.83 23. 13 
C l6: 1. % TFA 0.36 0 .36 0.36 0.36 0.36 0.65 
Cl8:0. %TFA 2.42 2.42 2.42 2.42 2.42 3.25 
C 18: I mms. % TFA 0.00 0.00 0.00 0.00 0.00 
C l8: 1 cis. % TFA 19.24 19.24 19.24 19.24 19.24 19.29 
Cl8:2. % TFA 47.74 47.74 47.74 47.74 47.74 51.56 
C l8:3. %TFA 8.25 8.25 8.25 8.25 8.25 0.53 
Others. % TFA 3.40 3.40 3.40 3.40 3.40 0.89 

Distillers Grains Distillers Grains Distillers Grains 
Con on seed Cononsee<I Cononseed. and Solubles. and Solubles. and Solubles. High 

Feed Name Hulls Meal Whole Linted Dried. High Fat Dried, Low Fat Protein 

CP. % DM 6.97 4669 23.31 30.20 30.97 38.99 
Arg, %CP 11.40 11.57 10.81 4.30 4.30 4.30 
His.% CP 3.32 2 .72 2.81 2.66 2.66 2.66 
lie. % CP 3.39 3.01 3.17 3.65 3.65 3.65 
Leu.%CP 7.22 5.53 5.79 11 .67 11 .67 11.67 
Lys, % CP 4.66 3.97 4.34 2.81 2.81 2.8 1 
Mel, %CP 1.83 1.39 1.49 1.98 1.98 1.98 
Phe. % CP 5.63 5.27 5.20 4.87 4.87 4.87 
Thr. %CP 3.81 3.05 3.21 3.73 3.73 3.73 
Trp, % CP 1.42 1.22 1.18 0.80 0.80 0.80 
Val. % CP 5.00 4 .23 4.34 4.87 4.87 4.87 
TFAs, % DM 3.14 3.06 18.26 11.39 7.90 6.56 
Cl2:0. % TFA 0. 12 0. 12 0.12 
C l4:0. % TFA 0.70 0.94 0.69 0. 14 0.14 0.14 
C l6:0. % TFA 23.1 3 25.80 23.91 14.05 14.05 14.05 
C l6: 1. % TFA 0.65 0 .52 0.55 0. 13 0.13 0.13 
Cl8:0. %TFA 3.25 2 .95 2.33 2.39 2.39 2.39 
C 18: I 1ra11s. % TFA 0.05 0.01 0.01 0.01 
Cl8: 1 cis, % TFA 19.29 18.33 15.24 24.57 24.57 24.57 
C l8:2, % TFA 5 1.56 50.20 56.48 56. 11 56.11 56. 11 
Cl8:3, % TFA 0.53 0 .30 0.19 1.68 1.68 1.68 
Others. % TFA 0.89 0 .92 0.61 0.81 0.81 0.81 

Distillers 
Grains and Distillers 
Soluble.>. Grains wich Distillers 

Feed Name Modified Wei Solubles, Wet Solubles Fat, Canola Oil Fat, Corn Oil Fa1, Cononseed Oil 

CP. % DM 30.28 3 1.45 22.58 
Arg, %CP 4.30 4 .30 4.30 
His. % CP 2.66 2.66 2.66 
lie. %CP 3.65 3.65 3.65 
Leu.%CP 11.67 11.67 11.67 
Lys, % CP 2.81 2.81 2.81 
Mel, %CP 1.98 1.98 J.98 
Phe. % CP 4.87 4 .87 4.87 
Thr. %CP 3.73 3.73 3.73 

continued 
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400 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Distillers 
Grains and Distillers 
Solubles. Grains wich Distillers 

Feed Name Modified Wet Solubles. Wet Solubles Fat. Canola Oil Fat. Corn O il Fat. Cottonseed Oil 

Trp. % CP 0.80 0.80 0.80 
Val. % CP 4.87 4.87 4.87 
TFAs, % DM 8.35 8.3 1 9.99 88.00 88.00 88.00 
Cl2:0. % TFA 0.30 0.30 0.30 0.10 
C l4:0. % TFA 0.25 0.25 0.25 0. 10 0.83 
C l6:0. % TFA 15.00 15.00 15.00 4.36 I 1.08 25.97 
C l6: 1, % TFA 0.10 0.10 0. 10 0.28 0.57 
C l8:0. % TFA 2.50 2.50 2.50 2.05 1.55 3.00 
C 18: I 1ra11s. % TFA 0.05 0 .05 0.05 3.53 
C l8: 1 cis. % TFA 18.00 18.00 18.00 57.28 26.95 20. 16 
C l8:2, % TFA 55.00 55.00 55.00 18.99 58.95 48.93 
C l8:3. % TFA 8.00 8.00 8.00 7.64 I.JO 0. 10 
Others. % TFA 0.80 0 .80 0.80 5.67 0.38 0.44 

Fat, Fat , 
Feed Name Flaxseed Oi I Fat. Lard Safftower Oil Fat. Soybean Oil Fat. Sunftower Oil Fat. Tallow 

CP, % OM 
Arg. % CP 
His. % CP 
ne. % CP 
Leu, % CP 
Lys. % CP 
Met. % CP 
Phe. % CP 
Thr, % CP 
Trp, % CP 
Val. % CP 
TFAs. % DM 88.00 88.00 88.00 88.00 88.00 88.00 
C l2:0, % TFA 0.20 0 .1 1 0.09 
C l4:0, % TFA 0. 16 J.30 0.10 0 .1 1 3.00 
C l6:0, % TFA 5.74 23.80 10.77 10.83 7.33 24.43 
C l6: 1. % TFA 0.18 2 .70 0 .14 0.09 3.79 
C l8:0. % TFA 4.30 13.50 I 1.97 3.89 10.65 17.92 
C l8:1 trtms. % TFA 0.59 3.99 
C J8:1 cis. % TFA 18.88 4 1.20 14.33 22.82 43.39 41.62 
C J8:2. % TFA 14.15 10.20 60.63 53.75 35.49 1.09 
C l8:3. % TFA 55.95 1.00 0.30 8.23 0.79 0.53 
Others, % TFA 0.64 6.10 1.90 0 .1 3 J.67 3.54 

Fruit and Vegetable 
Feed Name Feather Meal Fish Meal Flaxseed Flaxseed Meal By-product. Wet Glycerol 

CP. % OM 90.55 69. 19 22.79 38.48 13.62 
Arg, % CP 6.56 5.63 9.10 9.10 4 00 
His. % CP 1.2 1 2.35 2.1 7 2.17 2 .94 
lie. %CP 4.60 3.89 4.06 4.06 3.50 
Leu. % CP 8.13 6.74 5.94 5.94 12.70 
Lys. % CP 2.60 6.82 4.06 4 .06 2 .78 
Met, % CP 0.70 2.53 1.76 1.76 2 .50 
Phe, % CP 4.77 3.73 4.63 4.63 4.72 
Thr. % CP 4.53 3.89 3.65 3.65 3.59 
Trp. % CP 0.76 0.96 1.48 1.48 0.69 
Val. % CP 7.0 1 4.59 4.88 4.88 4 .78 
TFAs, % DM 7.85 6.44 33.4 1 3.08 6.13 5.24 
Cl2:0. % TFA 0.34 
C l4:0. % TFA 1.09 10.35 0. 16 0.16 0.26 
C l6:0. % TFA 24.33 28.46 5.74 5.74 1357 
C l6:1, % TFA 6.5 1 13.0 1 o. 18 0.18 0.19 
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NUTRIENT COMPOSITION OF FEEDS 401 

TABLE 19-2 Continued 

Fruit and Vegetable 
Feed Name Feather Meal Fish Meal Flaxseed Flaxseed Meal By-product. Wet G lycerol 

Cl8:0. %TFA 8.27 6.00 4.30 4.30 1.83 
Cl8:1 1ra11s. % TFA 1.09 0.20 
C l8: 1 cis. % TFA 32.51 10.97 18.88 18.88 25.99 
Cl8:2, % TFA 13.19 J.09 14.15 14.15 55.08 
Cl8:3, %TFA 0.54 0.% 55.95 55.95 J.64 
Others. % TFA 12.13 28.% 0.64 0.64 1.44 

Grain Grain Sorghum Grass-Legume 
Screenings. Grain Grain Sorghum Silage. Grass-Legume Mixtures. Mix 

Feed Name Source Un known Sorghum Hay Silage. Mature Mid-Maturity Mixtures. Mix Hay Silage 

CP. % DM 16.18 8.81 8.22 8.89 12.12 17.68 
Arg. %CP 5.00 4.07 4.07 4.07 4.51 3.47 
His. % CP 2.67 2.47 2.47 2.47 1.79 1.68 
ne, % C? 3.26 3.91 3.9 1 3.91 3.78 3.76 
Leu,% C? 10. 12 13.04 13.04 13.04 6.79 6.24 
Lys.% CP 3.60 2 .64 2.64 2 .64 4.29 3.85 
Met. %CP J.86 1.93 J.93 J.93 1.43 1.29 
Phe, % CP 4.65 5.24 5.24 5.24 4.34 4.28 
Thr. %CP 3.84 3.59 3.59 3.59 3.99 3.59 
Trp. %CP 0.81 1.16 1. 16 1.16 1.37 1.01 
Val. %CP 4.42 5.00 5.00 5.00 4.88 4.95 
TFAs. % DM 2.9 1 1.36 J.93 1.56 1.37 2.03 
Ct2:0,%TFA 2.86 2.86 2.86 I. IS 9.27 
Cl4:0,%TFA 0.89 0.89 0.89 0.62 0.60 
Cl6:0.%TFA 14.14 20.64 20.64 20.64 18.98 17.79 
Cl6: 1.%TFA 0.43 0.43 0 .43 1.77 1.79 
Cl8:0,%TFA 2.05 2.42 2.42 2 .42 2.79 2.65 
Cl8: I 1ra11s. % TFA 0.00 0.17 
CIS: I cis. % TFA 23.72 10.18 10.18 10.18 1.85 2.93 
Cl8:2.%TFA 56.43 30.37 30.37 30.37 33.21 17.94 
Cl8:3. % TFA J.97 25.53 25.53 25.53 33.39 41.51 
Others, % TFA J.68 6.68 6.68 6 .68 6.08 5.54 

Grass-Legume Grass-Legume 
Mixture~. Mixtures, Grass-Legume Grass-Legume Grass-Legume Gra~s-Legume 

Predominantly Predominantly Mixtures. Mixtures. Predomi- Mixtures. Predomi- Mixture.~. 

Grass. Hay. Gra~s. Hay. Predominantly nantly Legume. nantly Legume. Predominantly 
Feed Name Mature Mid-Maturity Grass. Silage Hay. Immature Hay. Mature Legume. Silage 

CP. % DM 10.85 4.28 14.34 20.35 17 .38 20.04 
Arg. %CP 4.47 4.47 3.47 4 .50 4 .50 3.47 
His.% C? J.79 1.79 J.68 1.79 1.79 1.68 
ne. %CP 3.75 3.75 3.76 3.79 3.79 3.76 
Leu.% CP 6.76 6.76 6.24 6.81 6.81 6.24 
Lys.% CP 4.25 4.25 3.85 4.31 4.31 3.85 
Met. %CP 1.43 1.43 J.29 1.43 1.43 J.29 
Phe, % CP 4.34 4.34 4.28 4.34 4.34 4.28 
Thr. %CP 3.98 3.98 3.59 4.00 4.00 3.59 
Trp. %CP 1.36 1.36 1.01 1.38 1.38 1.01 
Val, %CP 4.86 4.86 4.95 4 .89 4.89 4.95 
TFAs, % DM 1.29 1.93 1.98 1.78 1.23 1.99 
Cl2:0.%TFA 1.15 1.15 9.27 1.15 1. 15 9.27 
Cl4:0.%TFA 0.62 0.62 0.60 0.62 0.62 0.60 
Cl6:0.%TFA 18.98 18.98 17.79 18.98 18.98 17.79 
Cl6: 1,%TFA 1.77 1.77 1.79 1.77 1.77 J.79 
Cl8:0, %TFA 2.79 2.79 2.65 2.79 2 .79 2.65 
Cl8: I trtms. % TFA 0.17 0.17 0.17 0. 17 
Cl8: I cis. % TFA 1.85 1.85 2.93 1.85 1.85 2.93 
Cl8:2,%TFA 33.21 33.21 17.94 33.21 33.2 1 17.94 
Cl8:3, %TFA 33.39 33.39 41.5 1 33.39 33.39 4 1.51 
Others. % TFA 6.08 6.08 5.54 6.08 6.08 5.54 
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402 NUTRIENT REQUIRFMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Legume Hay, Legume Hay. Legume Hay. Legume Silage. Legume Silage. Meal and Bone 
Feed Name Immature Mature Mid-Maturity Imma1ure Mid-Maruri1y Meal. Porcine 

CP. % OM 2 1.54 18.11 20.75 22.06 20.47 56.63 
Arg. % CP 4.20 4.20 4.20 1.76 1.76 7.01 
His. % CP 1.93 1.93 1.93 1.92 1.92 1.58 
lle. %CP 3.92 3.92 3.92 4 .15 4 .15 2.57 
Leu, % CP 6.69 6 .69 6.69 6 .74 6.74 5.42 
Lys. % CP 4.81 4 .81 4.8 1 4.72 4 .72 4.58 
Mel. %CP 1.33 1.33 1.33 1.35 l.35 1.25 
Phe. % CP 4.59 4.59 4.59 4.35 4.35 3.13 
Thr. % CP 4.03 4 .03 4.03 3.83 3.83 2.92 
Trp. % CP 1.38 1.38 1.38 1.19 1.19 0.54 
Val. % CP 4.97 4 .97 4.97 5.08 5.08 3.88 
TFAs. % OM 1.54 1.21 1.50 1.98 2 .32 7.45 
CJ2:0, % TFA 1.36 1.36 1.36 I 1.98 I 1.98 0.08 
C J4:0. % TFA 0.85 0.85 0.85 0.66 0.66 1.68 
C16:0. % TFA 25.01 25.01 25.0 1 18.8 1 18.SI 29.47 
C J6:1. % TFA 2.23 2.23 2.23 1.91 1.91 2.41 
C l8:0. % TFA 4.0 1 4 .01 4.0 1 3.35 3.35 17.50 
C l8: 1 tra11s, % TFA 0.35 0 .35 0.35 1.27 
C 18: 1 cis. % TFA 2.43 2.43 2.43 2.05 2 .05 40.43 
C 18:2. % TFA 18.49 18.49 18.49 15.91 15.91 3.70 
C l8:3. % TFA 36.79 36.79 36.79 38.7 1 38.7 1 0.08 
01hers. % TFA 8.47 8.47 8.47 6.63 6.63 3.38 

Feed Name Mille! Hay Mille! Silage Molasses Oat Grain. Rolled Oat Hay Oat Hulls 

CP. % OM 10.74 13.02 9.27 12.17 8.49 5.01 
Arg. % CP 4.10 3.06 4.91 6.49 2.18 6.74 
His,% CP 1.94 1.66 1.59 1.9 1 1.94 2.25 
Tie. %CP 3.% 3.57 4.44 3.74 5.50 3.57 
Leu. % CP 7.39 6.12 3.59 7. 16 6.65 7.29 
Lys. % CP 4.85 3.28 1.00 3.86 3.56 4. 11 
Mel, %CP 1.64 1.2 1 0.22 1.70 1.87 1.71 
Phe, % CP 4.78 4.37 2.71 4.84 4.70 5.04 
Thr. % CP 4.10 3.34 1.57 3.51 4.13 3.41 
Trp. % CP 2.09 1.07 0.45 1.49 1.42 1.32 
Val. % CP 5.22 4 .89 3.36 5.26 4.13 4.% 
TFAs, % DM 1.09 1.47 0.00 4.80 1.45 1.82 
C l2:0. % TFA 2.86 2.86 1.19 
Cl4:0. % TFA 0.89 0.89 0.87 0.43 
C l6:0. % TFA 20.64 20.64 17.99 17.65 16.44 19.72 
C l6: 1, % TFA 0.43 0.43 0.34 0. 16 0.48 
Cl8:0, % TFA 2.42 2.42 3.61 1.32 1.33 2.51 
C IS: I trtms. % TFA 0.06 2.56 
C 18: 1 cis. % TFA 10.18 10.18 12.98 34.78 2.53 34.23 
C J8:2. % TFA 30.37 30.37 5494 42.01 23.38 37.67 
C l8:3, % TFA 25.53 25.53 7.46 1.85 49.90 2.40 
Others. % TFA 6.68 6 .68 2.68 1.38 4.26 0.91 

Oa1 Silage. Oa1 Silage. 
Feed Name Immature Mid-Ma1uri1y Pea Hay Pea S ilage Peanu1 Hay Peanu1 Hulls 

CP, % OM 18.5 1 12.92 15.90 17.04 12.01 8.89 
Arg. %CP 2.18 2.18 3.87 3.87 3.87 5.70 
His. % CP 1.94 1.94 1.69 1.69 1.69 2.20 
lle. %CP 5.50 5 .50 3.73 3.73 3.73 3.30 
Leu, % CP 6.65 6 65 6.00 6.00 6.00 5.70 
Lys. % CP 3.56 3.56 4.48 4.48 4.48 4. 10 
Mel. % CP 1.87 1.87 1.37 1.37 1.37 9.00 
Phe. % CP 4.70 4.70 4.18 4. 18 4. 18 3.50 
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NUTRIENT COMPOSITION OF FEEDS 403 

TABLE 19-2 Continued 

Oat Silage, Oat Silage. 
Feed Name Immature Mid-Maturity Pea Hay Pea S ilage Peanut Hay Peanut Hulls 

Thr. %CP 4.13 4 .13 3.83 3.83 3.83 3.00 
Trp. % CP 1.42 1.42 0.93 0.93 0.93 1.00 
Val. % CP 4.13 4.13 5.00 5.00 5.00 4.40 
TFAs. % DM 2.24 1.77 1.69 1.68 1.31 3.2 1 
Cl2:0. % TFA 6.56 6 .56 0.43 0.43 0.43 
C l4:0, % TFA 0.54 0 .54 0.28 0.28 0.28 
C l6:0. % TFA 16.76 16.76 17.97 17.97 17.97 9.24 
C l6: 1. % TFA 1.67 1.67 0. 15 0. 15 0. 15 0.08 
Cl8:0, % TFA 1.94 1.94 6.71 6.71 6.71 2.32 
C 18: I trans. % TFA 
C 18: I cis. % TFA 3.80 3.80 19.74 19.74 19.74 66.61 
Cl8:2. % TFA 19.% 19.% 38.88 38.88 38.88 19.30 
C l8:3, % TFA 44.30 44.30 12.98 12.98 12.98 2.45 
Others. % TFA 4.46 4.46 2.85 2.85 2.85 0.00 

Peanut Mea l. Pineapple Cannery Potato 
Feed Name Expellers Peanut Skins Peanuts Peas Waste By-product Meal 

CP, % DM 42.62 16.19 25.55 24.28 7.02 9.99 
Arg, %CP 11.0 1 6 .60 11.01 8.69 2.47 
His. % CP 2.22 3.30 2.22 2.44 1.84 
lie. %CP 3.21 2.30 3.21 4. 13 3. 14 
Leu,%CP 6.14 5.90 6.1 4 7 18 5.34 
Lys, % CP 3.21 5.50 3.21 7.23 4.21 
Met. %CP 1.03 0.90 1.03 0.89 0.95 
Phe. % CP 4.81 3.20 4.81 4.79 3.62 
Thr. %CP 2.56 2.60 2.56 3.71 3. II 
Trp, % CP 1.03 1.00 1.03 0.89 0.67 
Val. % CP 3.88 3.00 3.88 4.65 4.40 
TFAs. % DM 7.31 18.6 1 41.24 1. 14 0.94 1.78 
Cl2:0. % TFA 0.35 
C l4:0. % TFA 0 .30 0.49 
C l6:0. % TFA 9.24 9.24 9.24 23.00 12. 18 
Cl6: 1. % TFA 0.08 0 .08 0.08 0 .10 0.55 
Cl8:0. % TFA 2.32 2.32 2.32 1.50 10.70 
C l8: I trans. % TFA 31.21 
Cl8: I cis. % TFA 66.61 66.6 1 66.61 13.50 35.65 
C l8:2. % TFA 19.30 19.30 19.30 55.90 5. 12 
C l8:3. %TFA 2.45 2.45 2.45 4.30 1.15 
Others. % TFA 0.00 0.00 0.00 1.30 2.60 

Poultry By-product 
Feed Name Meal Rice. Grain Rice Bran Rice Bran. Defalled Rice Hulls Rice Silage. Headed 

CP. % DM 65.62 8.11 14.81 18.54 3.69 7. 12 
Arg. %CP 7.00 8.22 7.74 7.74 7.74 2. 18 
His,% CP 2.52 2.75 2.75 2.75 1.94 
lie. %CP 4.25 3.92 3.76 3.76 3.76 5.50 
Leu.%CP 7.91 8.16 7.1 4 7. 14 7.14 6.65 
Lys. % CP 4.41 3.59 4.73 4.73 4 .73 3.56 
Met. %CP 1.39 2 .70 2.1 8 2. 18 2.18 1.87 
Phe,% CP 5.15 4.45 4.45 4.45 4.70 
Thr. % CP 4.41 3.58 3.88 3.88 3.88 4. 13 
Trp. %CP 1.29 1.22 1.22 1.22 1.42 
Val. % CP 5.94 5.53 5.72 5.72 5.72 4. 13 
TFAs, % DM 11.78 1.24 12.00 2. 16 0.27 1.62 
Cl2:0, % TFA 0 .08 6.56 
Cl4:0. % TFA 0 .57 0.28 0 .28 0.28 0.54 
C l6:0. % TFA 14.65 17.53 17.53 17.53 16.76 
Cl6:1, % TFA 024 0.21 0.21 0.21 1.67 
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404 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Poultry By-product 
Feed Name Meal Rice. Grain Rice Bran Rice Bran. Defaned Rice Hulls Rice S ilage. Headed 

C I8:0, % TFA 1.54 1.56 1.56 1.56 1.94 
CI8: 1 tra11s. % TFA 
C I8: 1 cis. % TFA 32.53 39. 10 39. 10 39.10 3.80 
CI8:2, % TFA 29.05 38.1 1 38. 11 38.11 19.96 
C I8:3. % TFA 1.2 1 1.46 I.4Q 1.46 44.30 
Others. % TFA 20.13 1.75 1.75 1.75 4.46 

Rice Silage. Rumen-Pr-0tected Rumen-Protected Rye Annual Fresh, Rye Annual Fresh, Rye Annual Hay, 
Feed Name Vegetative Lysine Methionine Immature Mid-Marurity Immature 

CP. % DM 8.27 27.50 20.48 22.89 
Arg. % CP 2.18 4. 10 4.10 4. 10 
His. % CP 1.94 1.94 1.94 1.94 
lie. %CP 5.50 3.96 3.96 3.96 
Leu, %CP 6.65 7.39 7.39 7.39 
Lys. % CP 3.56 100 4.85 4.85 4.85 
Met. %CP 1.87 100 1.64 1.64 1.64 
Phe.% CP 4.70 4.78 4.78 4.78 
Thr, % CP 4.13 4. 10 4.10 4 . 10 
Trp. %CP 1.42 2.09 2.09 2.09 
Val,% CP 4.13 5.22 5.22 5.22 
TFAs. % DM 1.47 3.07 2.44 2.53 
CI2:0. % TFA 6.56 0.84 0.84 4.60 
C I4:0, % TFA 0.54 0.24 0.24 3.30 
CI6:0. % TFA 16.76 13.49 13.49 26.20 
C l6: 1. % TFA 1.67 1.70 
C l8:0. % TFA 1.94 I.07 1.07 5.40 
C l8: I 1ra11s, % TFA 
C I8: I cis. % TFA 3.80 2.07 2.07 11.00 
C l8:2. % TFA 19.96 13.34 13.34 18.40 
C l8:3. % TFA 44.30 66.49 66.49 9.40 
Others, % TFA 4.46 2.4Q 2.4Q 20.00 

Rye Annual. 
Rye Annual Hay, Rye Annual Rye Annual Rye Annual Silage. 

Feed Name Hay, Mature Mid-Maturi ty Silage, Immature Silage, Marure Mid-Maturity Rye Grain 

CP, % DM 7.62 11 .99 16.41 8.28 14.43 11.80 
Arg, %CP 4.10 4 .10 3.06 3.06 3.06 5.00 
His. % CP 1.94 1.94 1.66 1.66 1.66 2.34 
lie. % CP 3.96 3.96 3.57 3.57 3.57 3. 19 
Leu,%CP 7.39 7 .39 6.1 2 6. 12 6.12 6. 17 
Lys, % CP 4.85 4.85 3.28 3.28 3.28 3.62 
Met, %CP 1.64 1.64 1.21 1.2 1 1.21 1.60 
Phe. % CP 4.78 4 .78 4.37 4.37 4.37 4.36 
llir. %CP 4.10 4.10 3.34 3.34 3.34 3.30 
Trp, % CP 2.09 2.09 I.07 I.07 1.07 I.06 
Val. % CP 5.22 5.22 4.89 4.89 4.89 4.57 
TFAs. % DM 1.0 1 1.47 1.95 1.25 1.68 1.45 
Cl2:0. % TFA 4.60 4 .60 0.66 0.66 0.66 
C I4:0. % TFA 3.30 3.30 1.87 1.87 1.87 0. 18 
C I6:0, % TFA 26.20 26.20 20.40 20.40 20.40 15.93 
C l6: 1. % TFA 1.70 1.70 1. 19 1. 19 1.19 0.59 
C l8:0. % TFA 5.40 5.40 2.25 2.25 2.25 0.53 
C l8: 1 tra11s. % TFA 
C l8: 1 cis. % TFA 11.00 11 .00 5.14 5. 14 5.14 16.46 
Cl8:2, % TFA 18.40 18.40 19.12 19. 12 19.12 56.32 
Cl8:3. % TFA 9.40 9.40 39.07 39.07 39.07 9.23 
Others. % TFA 20.00 20.00 10.30 10.30 10.30 0.76 
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NUTRIENT COMPOSITION OF FEEDS 405 

TABLE 19-2 Continued 

Sorghum Forage Sorghum Forage Sorghum Grain, Sorghum Grain. 
Feed Name Safflower Meal Silage. Immature Silage. Marure Dry. Ground Steam-Flaked Sorghum Hay 

CP, % OM 26.21 11.74 11.30 12.48 12.48 10.18 
Arg. %CP 8.31 4.07 4.07 3.83 3.83 4.10 
His.% CP 2.46 2.47 2.47 2.25 2.25 1.94 
ne. %CP 3.52 3.9 1 3.91 4.11 4.11 3.96 
Leu,% CP 6.23 13.04 13.04 13.1 1 13. 11 7.39 
Lys. % CP 3.09 2.64 2.64 2.22 2.22 4.85 
Met. %CP 1.48 1.93 1.93 1.74 1.74 1.64 
Phe. % CP 4.41 5.24 5.24 5.15 5.15 4 .78 
Thr, % CP 3.14 3.59 3.59 3.3 1 3.3 1 4.10 
Trp. % CP 0.93 1. 16 1.16 1.20 1.20 2.09 
Val. % CP 4.96 5.00 5.00 5.28 5.28 5.22 
TFAs. % OM 3.88 1.74 1.44 2.92 2.92 1.24 
Cl2:0. % TFA 2.86 2.86 O.Q4 0.04 2.86 
C l4:0. % TFA 0.89 0.89 0.08 0.08 0.89 
C l6:0. % TFA 5.40 20.64 20.64 17.16 17.16 20.64 
C l6: 1. % TFA 0.43 0.43 0.63 0.63 0.43 
Cl8:0. % TFA 1.60 2.42 2.42 1.65 1.65 2.42 
C l8: I tra11s, % TFA 
Cl8: I cis. % TFA 13.20 10. 18 10 .18 29.70 29.70 10.18 
C l8:2. % TFA 79.50 30.37 30.37 48.18 48.18 30.37 
C l8:3. % TFA 0.30 25.53 25.53 1.61 1.6 1 25.53 
Others. % TFA 6.68 668 0.95 0.95 6.68 

Sorghum-
Sorghum Sorghum- Sudangrass Soybean Meal. 

Feed Name Soybean Si I age Sudangras.~ Hay Silage Soybean Hay Soybean Hulls Expellers 

CP, % DM 11.66 9.8 1 12 .25 20.08 11.88 47.60 
Arg, %CP 3.87 4. 10 3.06 3.87 5.21 7.29 
His. %CP 1.69 1.94 1.66 1.69 2.61 2.62 
ne. % CP 3.73 3.96 3.57 3.73 3.70 4.54 
Leu,% CP 6.00 7.39 6 .12 6.00 6.30 7.59 
Lys, % CP 4.48 4.85 3.28 4.48 6.30 6.12 
Met. %CP 1.37 1.64 1.21 1.37 1.09 1.34 
Phe. % CP 4. 18 4.78 4.37 4. 18 3.87 5.05 
Tiir. %CP 3.83 4. 10 3.34 3.83 3.61 3.90 
Trp. % CP 0.93 2.09 1.07 0.93 1.34 1.34 
Val. % CP 5.00 5.22 4 .89 5.00 4.37 4.73 
TFAs. % DM 1.81 1. 10 1.63 1.91 1.6 1 6.12 
Cl2:0.%TFA 0.43 2.86 2.86 0.43 
C l4:0. % TFA 0.28 0.89 0 .89 0.28 1.47 0.07 
C l6:0, % TFA 17.97 20.64 20.64 17.97 16.22 11.55 
Cl6:1,%TFA 0.15 0.43 0.43 0. 15 0.28 0.09 
C l8:0.%TFA 6.71 2.42 2.42 6.71 7.03 3.71 
C l8:1 trtms. % TFA 0.70 1.42 
C l8:1 cis. % TFA 19.74 10. 18 10. 18 19.74 15.90 18.1 3 
C l8:2,%TFA 38.88 30.37 30.37 38.88 42.66 54.77 
C l8:3. % TFA 12.98 25.53 25.53 12.98 13.1 1 9.52 
Others. % TFA 2.85 6.68 6.68 2.85 2.64 0.75 

Soybean 
Meal. Solvent 

Soybean Mea l. Extracted. Soybeans. Soy beans. 
Feed Name Extruded 48% CP Soybean Silage Whole Raw Whole Roasted Spell Grain 

CP, % DM 40.43 52.64 17 .99 39.98 40.02 12.90 
Arg, %CP 7.29 7.29 3.87 7.25 7.25 4.79 
His. % CP 2.62 2.64 1.69 2.61 2.61 2.15 
lie. %CP 4.54 4.54 3.73 4.53 4.53 3.45 
Leu. % CP 7.59 7.63 600 7.58 7.58 6.54 
Lys, % CP 6.12 6. 16 4 .48 6.14 6.14 2.76 

cominued 
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406 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Soybean 
Meal. Sol vem 

Soybean Mea l. Ex1rac1ed . Soybeans. Soy beans. 
Feed Name Exlruded 48% C P Soybean Silage Whole Raw V.'hole Roas1ed Spell Grain 

Mel. % CP 1.34 1.38 1.37 1.33 1.33 1.54 
Phe, % CP 5.05 5.03 4. 18 5.03 5.03 4 .45 
Thr, % CP 3.90 3.95 3.83 3.89 3.89 2.95 
Trp. % CP 1.34 1.38 0.93 1.33 1.33 1.36 
Val. % CP 4 .73 4.76 5.00 4.72 4.72 4.44 
T FAs. % DM 15.08 1.08 2.86 16.99 15.35 J.66 
Cl2:0, % T FA 0.43 0.58 0.00 
C l4:0. % TFA 0.07 0.83 0.28 0.20 0.1 I 0.23 
C l6:0. % TFA I I .SS 17.28 17 .97 I 1.93 I 1.80 19.SO 
C l6: 1. % TFA 0.09 0. IS 0.08 0.07 
C I8:0. % T FA 3.7 1 4.45 6.71 4.05 4.30 J.08 
C l8: I trtms, % TFA 1.42 0.43 
C l8: I cis. % TFA 18. 13 13.22 19.74 21.99 23.58 14.66 
C l8:2. %TFA 54.77 54. 16 38.88 52.43 52.36 60.20 
C l8:3. % T FA 9.52 8.43 12.98 7.59 6.99 4 .32 
01hers, % T FA 0.75 1.20 2.85 1. 17 0.79 

Sudangrass 
Sudangrass Sudangrass Hay. Sudangrass Silage, Sugarcane Sugarcane 

Feed Name Hay, Mature Mid-Ma1ur ity Silage, Mature Mid-Maiuriiy Bagasse Hay Bagasse S ii age 

CP. % DM 808 14.73 9.54 13.37 3.89 4.99 
Arg, % CP 4 . 10 4. 10 3.06 3.06 2.83 2.83 
His. % CP 1.94 1.94 1.66 1.66 1.00 1.00 
lie. % CP 3.% 3.96 3.57 3.57 2.83 2.83 
Leu, % C P 7.39 7.39 6. 12 6.12 5.49 5.49 
Lys. % CP 4.85 4.85 3.28 3.28 2.83 2.83 
Mel. % CP J.64 1.64 1.21 1.21 0.67 0.67 
Phe. % CP 4.78 4.78 4.37 4.37 3.50 3.50 
Thr. % CP 4 10 4. 10 3.34 3.34 2.83 2.83 
Trp. % CP 2 .09 2.09 J.07 J.07 4.50 4 .50 
Val. % CP 5.22 S.22 4.89 4.89 3.83 3.83 
T FAs. % DM 0.99 1.05 1.53 1.61 0.72 0.91 
C l2:0. % TFA 2.86 2.86 2.86 2.86 1.1 9 1.19 
C l4:0. % TFA 0.89 0.89 0.89 0.89 0.43 0.43 
C l6:0, % TFA 20.64 20.64 20.64 20.64 16.44 16.44 
Cl6: 1. % TFA 0.43 0.43 0.43 0.43 0.48 0.48 
C IS:O. % TFA 2.42 2.42 2.42 2.42 1.33 1.33 
C I8: I trtms. % TFA 0.06 0.06 
C l8: 1 cis. % TFA 10.18 10.18 10.18 10.18 2.53 2.53 
C l8:2. % T FA 30.37 30.37 30.37 30.37 23.38 23.38 
C l8:3. % TFA 25.S3 2S.53 25.53 25.53 49.90 49.90 
01hers. % TFA 6.68 6.68 668 6.68 4.26 4 .26 

Sunflower Sunflower Swee! Corn Thpioca Toma lo 
Feed Name Meal Sunflower Seed Silage Cannery W;;t'ite (Cassava) Po mace 

CP. % DM 37.0 1 20.07 13.27 9.80 2.50 19.30 
Arg. % CP 8.03 7.99 3.87 2.32 4.00 I 1.5 
His, % CP 2.44 2.49 1.69 1.7 1 1.60 3.9 
Tie. % CP 4.00 3.9 1 3.73 3.4 1 3.20 4.1 
Leu. % C P 6.22 6. 12 6.00 8.54 5.20 7.1 
Lys. % CP 3.50 3.70 4.48 2.80 4.00 8 
Mel, % C P 2.19 2. 13 1.37 1.59 J.20 2.3 
Phe, % CP 4.SO 4.47 4.18 3.90 3.20 5.8 
Thr. % CP 3.63 3.59 3.83 3.4 1 3.60 3.3 
Trp. % CP 1.28 1.4 1 0.93 0.73 0.80 
Val. % CP 4.84 4.78 5.00 4.5 I 4.00 4.4 
T FAs, % DM J.02 37.20 3.06 3.8 1 0.48 12.30 
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NUTRIENT COMPOSITION OF FEEDS 407 

TABLE 19-2 Continued 

Sunflower Sunflower Sweet Corn Thpioca Tomato 
Feed Name Meal Sunflower Seed Silage Cannery Wa~te (Cassava) Po mace 

Cl2:0, % TFA 0.43 0.31 
Cl4:0. % TFA 0.76 0. 10 0.28 0.46 
Cl6:0. % TFA 11.59 5.20 17.97 17.83 38.50 
C l6: 1. % TFA 0. 10 0. 15 0.36 
C l8:0, % TFA 4.37 4. 10 6.71 2.42 
Cl8: I trans. % TFA 0.00 
Cl8: I cis. % TFA 41.93 39.40 19.74 19.24 38.50 
Cl8:2. % TFA 38.71 47.90 38.88 47.74 13.30 
Cl8:3, % TFA 0.59 0.40 12.98 8.25 6.60 
Others. % TFA 2.05 2.80 2.85 3.40 3.10 

Triticale Plus Trit ica le Triticale Silage, 
Feed Name Triticale Grain Triticale Hay Pea Silage Silage. Mature Mid-Maturity Urea 

CP, % OM 12.05 10.33 15.98 14.16 17.78 281.00 
Arg, %CP 4.91 3.84 3.84 3.84 3.84 
His. % CP 2.28 2.53 2.53 2.53 2.53 
ne. % CP 3.25 3.04 3.04 3.04 3.04 
Leu. % CP 6.40 5.86 5.86 5.86 5.86 
Lys, % CP 3.16 1.83 1.83 1.83 1.83 
Met. %CP 1.67 1.31 1.31 1.31 1.3 1 
Phe. % CP 4.56 4.78 4.78 4.78 4.78 
1l1r. %CP 3.07 2. 14 2.14 2.14 2.14 
Trp. % CP 1.05 1.03 1.03 1.03 1.03 
Val. % CP 4.30 3.68 3.68 3.68 3.68 
TFAs, % DM I.SS 1.46 2.13 2.48 2.38 
Cl2:0. % TFA 1. 12 1.12 1.12 1. 12 
Cl4:0, % TFA 0.23 0.42 0.42 0.42 0.42 
C!6:0, % TFA 19.50 11.42 11 .42 11.42 11.42 
Cl6: 1. % TFA 2.23 2.23 2.23 2.23 
Cl8:0. % TFA 1.08 0.92 0.92 0.92 0.92 
Cl8: I tra11s. % TFA 
Cl8: I cis. % TFA 14.66 1.49 1.49 1.49 1.49 
Cl8:2. % TFA 59.45 14.53 14.53 14.53 14.53 
C l8:3. % TFA 4.32 62.82 62.82 62.82 62.82 
Others. % TFA 0.76 5.06 5.06 5.06 5.06 

Wheat Grain. Wheat Hay. Wheat Hay. Wheat Wheat Silage. 
Feed Name Wheat Bran Rolled Headed Vegetative Middlings Headed 

CP. % OM 17.40 13.49 9.88 10.50 19.10 10.73 
Arg. %CP 6.94 4.79 2.02 2.02 6.65 2.02 
His, % CP 2.75 2. 15 3.60 3.60 2.6 1 3.60 
lie. %CP 3.19 3.45 4.01 4.01 3.1 1 4.01 
Leu. %CP 6.21 6.54 6.64 6.64 6.09 6.64 
Lys. % CP 4.05 2.76 4.21 4.21 3.98 4.21 
Met, %CP 1.46 1.54 1.77 1.77 1.49 1.77 
Phe, %CP 3.91 4.45 4.24 4.24 3.98 4.24 
Thr. % CP 3.19 2.95 4.21 4.21 3.17 4.21 
Trp. %CP 1.84 1.36 1.03 1.03 1.43 1.03 
Val. % CP 4.82 4.44 5.80 5.80 4.53 5.80 
TFAs, % OM 4.02 1.78 1.01 0.89 3.85 1.53 
Cl2:0. % TFA 1.19 1.19 6.56 
Cl4:0. % TFA 0.10 0.23 0.43 0.43 0.10 0.54 
Cl6:0. % TFA 17.05 19.50 16.44 16.44 17.09 16.76 
C l6: 1, % TFA 0.48 0.48 0.12 1.67 
Cl8:0. % TFA 1.08 1.08 1.33 1.33 1.17 1.94 
C 18: I tram-. % TFA 0.06 0.06 
C 18: I cis. % TFA 17.81 14.66 2.53 2.53 17.69 3.80 
C l8:2. % TFA 59 09 60.20 23.38 23.38 57.78 19.96 
C l8:3, % TFA 4.73 4.32 49.90 49.90 4.7 1 44.30 
Others. % TFA 0.14 4.26 4.26 1.34 4.46 

co11ti11ued 
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408 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE 19-2 Continued 

Wheat Silage, 
Feed Name Yegetmive Wheat Straw Whey. Dry Whey. Wet 

CP, % OM 13.35 4.50 17 .83 7.42 
Arg. %CP 2.02 2.02 2.75 2.17 
His. % CP 3.60 3.60 1.83 1.65 
lle. %CP 4.01 4.01 5.07 5.39 
Leu,% CP 6.64 6.64 8.78 9.04 
Lys. % CP 4.21 4.21 6.94 7.22 
Met. %CP 1.77 1.77 1.40 1.39 
Phe. % CP 4.24 4.24 3.23 2.96 
Thr. %CP 4.21 4.21 5.46 6.17 
Trp. %CP 1.03 1.03 1.57 
Val. %CP 5.80 5.80 4.80 5.13 
TFAs. % OM 1.42 0.55 5.27 0.97 
Cl2:0, % TFA 6.56 1.19 0 .72 0.72 
Cl4:0, %TFA 0.54 0.43 6.75 6.75 
Cl6:0.%TFA 16.76 16.44 35.74 35.74 
Cl6: 1. %TFA 1.67 0.48 0.94 0.94 
Cl8:0,%TFA 1.94 1.33 17.81 17.81 
Cl8: I trtms, % TFA 0.06 2.64 2.64 
Cl8: 1 cis. % TFA 3.80 2.53 27.08 27.08 
Cl8:2. %TFA 19.96 23.38 6.89 6.89 
Cl8:3.%TFA 44.30 49.90 
Others. % TFA 4.46 4.26 1.42 1.42 

0 AA and individual FA data were provided by Comell University (Higgs et al. . 2015). Because data originmed from a single source. the number of samples 
and standard deviation are not presented in the table. 

TABLE 19-3 Composition of Inorganic Mineral Sources and Element Absorption Coefficients for Dairy Callie on a 
I 00 Percent DM Basis•.h.c.d.c.f 

Mineral Source 

CALCIUM SOURCES 

Bone meal (NRC16Fl01 l) 
Primary mineral 
Secondary minera l 
Minor mineral 1 
Minor mineral 2 
Minor mineral 3 

Calcium carbonate, CaC03 (NRCl6Fl 003) 
Primary mineral 

Calcium chloride anhydrous. CaC12 (NRC16F 1004) 
Primary mineral 
Secondary minera l 

Calcium chloride dihydrate. CaC12 · 2H20 (NRCl6Fl005) 
Primary mineral 
Secondary minera l 

Calcium hydroxide, Ca(OH)2 (NRC16F l006) 
Primary mineral 

Calcium oxide. Cao (NRC16Fl009) 
Primary mineral 

Calcium phosphate (dibasic), CaHPO, (NRC 16FI007) 
Primary mineral 
Secondary minera l 
Minor mineral 1 

Calcium phosphate (monobasic). Ca(H,PO.J2 (NRC l6Fl 008) 

Primary mineral 
Secondary minera l 
Minor mineral I 

Mineral 

Ca 
p 

Na 
Fe 
s 

Ca 

Ca 
Cl 

Ca 
Cl 

Ca 

Ca 

Ca 
p 

Fe 

Ca 
p 

Fe 

% 

31.0 
12.9 
5.7 
2.7 
2.5 

39.4 

36.l 
63.9 

27.5 
48.2 

54.l 

71.5 

22.0 
19.3 
1.4 

16.4 
2 1.6 

1.6 

Absorption Coefficient 

0.60 
0.80 
1.00 
0.01 
NIA 

0.50 

0.60 
0.92 

0.60 
0.92 

0.60 

0.33 

0.60 
0.75 
0.01 

0.60 
0.80 
0.01 
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NUTRIENTCOMPOS!T!ONOF FEEDS 

TABLE I 9-3 Continued 

Mineral Source 

Calcium sulfate di hydrate, CaS0
4

• 2H
2
0 (NRC16Fl010) 

Primary mineral 
Secondary minera l 

Dolomite limestone (magnesium) (NRC l 6FI 012) 
Primary mineral 
Secondary minera l 

Limestone. ground (NRC l6F 1013) 
Primary mineral 
Secondary minera l 

Oysrershell. ground (NRCl6FI0 14) 
Primary mineral 

Phosphate. Curacao (NRCl6Fl024) 
Primary mineral 
Secondary minera l 

Phosphate. deAuorinated (NRC 16F 1025) 
Primary rnineral 
Secondary minera l 
Minor mineral 1 

CHLORIDE SOURCES 

Ammonium chloride. NH4Cl (NRC16F1069) 
Primary mineral 

Calcium chloride anhydrous. CaC1
2

(NRC 16F 1004) 
Primary mineral 
Secondary mineral 

Magnesium chloride hexahydrate. Mg Cl,· 6H20 (NRCI 6FI 0 15) 
Primary mineral 

Secondary minera l 

Potassium chloride. KCI (NRC 16F 10 16) 
Primary mineral 
Secondary minera l 

Sodium chloride (salt). NaCl (NRC16FIO 17) 
Primary mineral 

Secondary minera l 

COBALT SOURCES 

Cobalt carbonate. CoC03 (NRC16FI038) 
Primary mineral 

Cobalt carbonate hexahydrate. CoC03 · 6H20 (NRCl6FI039) 
Primary mineral 

Cobalt chloride hexahydrate, CoCl
2 

• 6H
2
0 (NRC I 6FI 040) 

Primary mineral 
Secondary minera l 

Cobalt sulfate heptahydrate. CoS04 • 7H20 (NRC l 6FI 041) 
Primary mineral 
Secondary minera l 

COPPER SOURCES 

Copper chloride di hydrate, CuCl2 • 2Hp (NRC l 6F 1043) 
Primary mineral 
Secondary minera l 

Copper oxide. CuO (NRCl6FI045) 
Primary mineral 

Mineral 

Ca 
s 

Ca 
Mg 

Ca 
Mg 

Ca 

Ca 
p 

Ca 
p 

Na 

Cl 

Cl 
Ca 

Cl 
Mg 

Cl 
K 

Cl 
Na 

Co 

Co 

Co 
Cl 

Co 
s 

Cu 
Cl 

Cu 

% 

23.3 
23.5 

22.3 
10.0 

35.0 
1.0 

38.0 

35.1 
14.1 

32.0 
18.0 
4.9 

66.3 

63.9 
36.1 

34.9 
12.0 

50.0 
50.0 

60.7 
39.3 

46.0 

25.9 

24.8 
29.8 

2 1.0 
11.4 

37.2 
4 1.7 

79.9 

409 

Absorption Coefficient 

0.60 
NIA 

0.45 
0.12 

0.45 
0.12 

0.50 

0.45 
0.85 

0.45 
0.65 
1.00 

0.92 

0.92 
0.60 

0.92 
0.27 

0.92 
1.00 

0.92 
1.00 

NIA 

NIA 

NIA 
0.92 

NIA 
NIA 

0.05 
0.92 

0.005 

co111i1111ed 
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410 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE I 9-3 Continued 

Mineral Source 

Copper sulfate pentahydrate, CuS0
4

• 5H,O (NRC 16Fl044) 
Primary mineral 
Secondary mineral 

IODINE SOURCES 

Calcium iodate, Ca(IO,), (NRC16Fl048) 
Primary mineral 
Secondary minera l 

EDDI (NRC16Fl047) 
Primary mineral 

Potassium iodide. Kl (NRC 16Fl031) 
Primary mineral 

Secondary minera l 

IRON SOURCES 

Ferrous carbonate. FeC0
3

(NRC16F105 1) 
Primary mineral 

Ferrous sulfme heptahydrate, FeS04 • 7H20 (NRCl6FI049) 
Primary mineral 
Secondary minera l 

Ferrous sulfate monohydrate. FeS04 H,O (NRCl6Fl050) 
Primary mineral 
Secondary minera l 

Iron ox ide. FeO (NRCJ6FJ052) 
Primary mineral 

MAGNESIUM SOURCES 

Dolomite limestone (magnesium) (NRC I 6FJ 012) 
Primary mineral 
Secondary minera l 

Magnesium carbonate. MgC0
3 

(NRCl6FJ018) 
Primary mineral 

Magnesium ch loride hexahydrare. Mg Cl,- 6H20 (NRCl 6Fl 0 15) 
Primary mineral 
Secondary mineral 

Magnesium hydroxide. Mg(0H)2 (N RC l 6F 10 19) 
Primary mineral 

Magnesium oxide, MgO (NRC l 6Fl 020) 
Primary mineral 
Secondary mineral 

Magnesium sulfate heptahydrare. MgS04 · 7H20 (NRC16Fl 021) 
Primary mineral 
Secondary minera l 

MANGANESE SOURCES 

Manganese carbonate. MnC0
3 

(NRC l 6Fl 056) 
Primary mineral 

Manganese chloride. MnCl, (NRC 16Fl054) 
Primary mineral 
Secondary minera l 

Manganese chloride tetrahydrate, MnCl,- 4 H,O (N RC I 6F 10 55) 
Primary mineral 
Secondary minera l 

Mineral 

Cu 
s 

Ca 

I 
K 

Fe 

Fe 
s 

Fe 
s 

Fe 

Mg 
Ca 

Mg 

Mg 
Cl 

Mg 

Mg 
Ca 

Mg 
s 

Mn 

Mn 
CJ 

Mn 
Cl 

% 

25.5 
12.8 

63.5 
10.0 

80.3 

68.8 
2 1.0 

38.0 

2 1.8 
12.4 

32.9 
18.9 

60.0 

IO.O 
22.0 

30.8 

12.0 
34.9 

41.7 

56.2 
<I 

9.8 
13.3 

47.8 

43.0 
56.3 

27.7 
35.8 

Absorption Coefficient 

0.05 
NIA 

NIA 
0.60 

NIA 

NIA 
1.00 

0.10 

0.20 
NIA 

0.20 
NIA 

0.01 

0.12 
0.45 

0.23 

0.27 
0.92 

0.23 

0.23 
0.45 

0.27 
NIA 

0.0015 

0.005 
0.92 

0.005 
0.92 
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NUTRIENT COMPOSITION OF FEEDS 

TABLE I 9-3 Continued 

Mineral Source 

Manganese oxide. MnO (NRC16Fl059) 
Primary mineral 

Manganese sulfate monohydrme. MnS04 • H,O (NRCl6Fl057) 
Primary mineral 
Secondary minera l 

Manganese sulfate pentahydrate. MnS04 · 5H,O (NRC16Fl 058) 
Primary mineral 
Secondary minera l 

PHOSPHORUS SOURCES 

Ammonium phosphate (dibasic) . (NH4)
2
HP0 4 ( NRC16FI022) 

Primary mineral 

Minor mineral 1 
Minor mi neral 2 

Ammonium phosphate (monobasic). (NH4)H
2
P04 (NRCl6Fll023) 

Primary mineral 
Minor mineral 1 
Minor mineral 2 

Bone meal (NRC16Fl0 1 l) 
Primary mineral 
Secondary minera l 
Minor mineral 1 
Minor mineral 2 
Minor mineral 3 

Calcium phosphate (dibasic), CaHP04 (NRC l6Fl007) 
Primary mineral 
Secondary minera l 
Minor mineral 1 

Calcium phosphate (monobasic) . Ca(H,PO ) , (NRC I 6Fl 008) 
Primary mineral 
Secondary minera l 
Minor mineral I 

Phosphate, Curacao (NRC 16FI024) 
Primary mineral 
Secondary minera l 

Phosphate. deHuorinated (NRC 16F 1025) 
Primary mineral 
Secondary minera l 
Minor mineral I 

Phosphate. monosodium (H,0) (NRC16FI026) 
Primary mineral 
Secondary minera l 

Phosphoric acid. H,P04 (NRC 16F 1027) 
Primary mineral 

Sodium tripolyphospha1e, Na
5
P p ,. (NRC l 6Fl 028) 

Primary mineral 
Secondary minera l 

POTASSIUM SOURCES 

Pota.~sium bicarbonate. KHC01 (N RC l 6F I 029) 
Primary mineral 

Potassium carbonate. K2C01 (NRCI6F I 030) 
Primary mineral 

411 

Mineral % Absorption Coefficient 

Mn 77.5 0.003 

Mn 32.5 0.005 
s 19.0 N/A 

Mn 22.8 0.005 
s 13.3 N/A 

p 20.6 0.80 
s 2.2 NIA 
Fe 1.2 0.01 

p 24.7 0.80 
s 1.5 N/A 
Fe 1.7 0.01 

p 12.9 0.80 
Ca 31.0 0.60 
Na 5.7 1.00 
Fe 2 .7 0.0 1 
s 2.5 N/A 

p 19.3 0.75 
Ca 22.0 0.60 
Fe 1.4 0.0 1 

p 2 1.6 0.80 
Ca 16.4 0.60 
Fe 1.6 0.01 

p 14.I 0.85 
Ca 35.1 0.45 

p 18.0 0.65 
Ca 32.0 0.45 
Na 4.9 1.00 

p 22.5 0.90 
Na 16.7 1.00 

p 31.6 0.90 

p 25.0 0.75 
Na 31.0 1.00 

K 39.1 1.00 

K 56.6 1.00 

continued 
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412 NUTRIENT REQUIREMENTS OF DAIRY CATTLE 

TABLE I 9-3 Continued 

Mineral Source 

Potassium chloride, KCI (NRC 16F 10 16) 
Primary mineral 
Secondary minera l 

Pota~sium sulfate. ~S04 (NRCl6Fl032) 
Primary mineral 
Secondary minera l 

SELENIUM SOURCES 

Selenite. sodium. Na2Se03 (NRC l6F J061) 
Primary mineral 
Secondary minera l 

Selenate, sodium decahydrate. Na2Se04 · I OH20(NRC 16FI062) 
Primary mineral 
Secondary minera l 

SODIUM SOURCES 

Sodium bicarbonate, NaHC0
1

(NRC16F 1033) 
Primary mineral 

Sodium carbonate monohydrace, NaC03 · H,O (NRC 16Fl034) 
Primary mineral 

Sodium chloride (sail). NaCl (NRCl6FIOl7) 
Primary mineral 
Secondary minera l 

Sodium sesquicarbonate dehydrate, Na2C0 1 +NaHC03 ·2H,0 (NRC l6FI035) 
Primary mineral 

SULFUR SOURCES 

Ammonium sulfate, (NH4),S04 (NRCI 6Fl037) 
Primary mineral 

Calcium su lfate dihydrate, CaS0
4 

• 2H
2
0 (NRCl6Fl010) 

Primary mineral 
Secondary minera l 

Magne.~ium sulfate heptahydrate. MgS04 • 7H,O (NRCI 6Fl 021) 
Primary mineral 
Secondary mineral 

Potassium sulfate. K2 SO, (NRCl6FI032) 
Primary mineral 

Secondary miner.i i 

Sodium sulfate, Na
2
S04 (NRCl6F1036) 

Primary mineral 
Secondary miner.i i 

ZINC SOURCES 

Zinc carbonace, ZnC03 (NRCl6FI064) 
Primary mineral 

Z inc chloride. ZnCl2 (NRC I 6FI 065) 
Primary mineral 

Secondary mineral 

Zinc oxide. ZnO (NRC I 6FI 066) 
Primary mineral 

Mineral 

K 
Cl 

K 
s 

Se 
Na 

Se 
Na 

Na 

Na 

Na 
Cl 

Na 

s 

s 
Ca 

s 
Mg 

s 
K 

s 
Na 

Zn 

Zn 
Cl 

Zn 

% 

50.0 
50.0 

4 1.8 
17.4 

45.6 
36.6 

2 1.4 
12.5 

27.0 

37.l 

39.3 
60.7 

30.5 

24.1 

23.5 
23.3 

13.3 
9.8 

17.4 
4 1.8 

10.0 
14.3 

52.1 

48.0 
52.0 

78.0 

Absorption Coefficient 

1.00 
0.92 

1.00 
NIA 

NIA 
1.00 

NIA 
1.00 

1.00 

1.00 

1.00 
0.92 

1.00 

NIA 

NIA 
0.60 

NIA 
0.27 

NIA 
1.00 

NIA 
1.00 

0.20 

0.20 
0.92 

0. 16 
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NUTRIENTCOMPOS!T!ONOF FEEDS 

TABLE I 9-3 Continued 

Mineral Source 

Zinc sulfate monohydmte, ZnS0
4 

• H,O (NRC16Fl067) 
Primary mineral 
Secondary minera l 

0 DM = 100 percent except phosphoric acid= 75 percent. 
•Mineral concentrations <l percent not shown. 
' NI A= not applicable. 
d For Mg. absorpt ion coefficients assume 1.2 percent Kin diet. 

Mineral 

Zn 
s 

% 

36.4 
17.7 

413 

Absorption Coefficient 

0.20 
NIA 

' Ash content for all sources is equal to 100 percent except fort he following: bonemeal=79 percent; ammoniumphosphate(dibasic). (NH4),HP04 = 36 percent; 
ammon ium phosphate (monobasic). (NHJH, P04 = 36 percent; ammonium sulfate. (NH4) 2S04 = 33 percent. 

/ Feeds containing detectable concelllrations of nitrogen have the following CP co111en1: bone meal= 13.2 perce111; ammonium phosphate (dib:L5ic). 
(NH

4
),HPO,= I 15.9 percent; ammonium phosphate (monobasic), (NH

4
)H

2
P0

4
=70.9 percent; ammonium sulfate, (NH

4
),S0

4 
= 134.J percent; the CP in these 

feeds is a5sumed to be 100 percent A fraction. 
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Nutrient Requirement Tables 

Tables 21 - 1 to 21 -3 are intended to be used as a general 
guide to compare the expected nutrient concentrations of 
diets fed to meet the minimum requirements of dairy cattle 
at varying stages of maturity, lactation stages, growth rates, 
milk production, and milk composi tion. The nutrient con
centrations are based the required amounL~ of each nutrient 
di vided by the predicted dry matter intake (DMI) using 
predict ion equations presented in Chapter 2 (Dry M atter 
Intake) for heifers and milking cows, Chapter 10 (N utrient 
Requirements of the Young Calf), and Chapter 12 (Dry and 
Transition Cows). 

Requirements for each nutrient in cal ves, hei fer s, dry 
cows, and milking cows are based on the calculated re
quirements for each nutrient provided i n the indiv idual 
chapters corresponding to that nutrient. Energy and pro
tein requirements for growth are presented in Chapter 11 
(Growth). Dietary rumen-undegraded protein (RUP) was 
estimated as the difference between total dietary crude 

470 

protein (CP) and rumen-degraded protein where dietary 
CP is based on the expected ratio of metabolizable protein 
to total dietary CP. There is no speci fie RUP requirement 
as the metabol i zable protein supply would depend on the 
microbial protein produced from rumen fermentation 
and RUP supplied by individual ingredients in the d iet. For 
energy and protein, provisions for mobi lization and replen
ishment o f body reserves during the lactation cycle have 
been included. 

Deviations from expected DMis wi ll result in different 
nutrient concentrations required to meet the animal 's nu
trient requi rements. In addition, nutrient requirements for 
metabolic fecal excretion and availabili ty of some nutrients 
are dr iven by both DMI and the amount and composition 
of the individual feed ingredients within the diet. Thus, the 
most accurate estimates of the actual nutrient concentrations 
needed to meet the animal 's requirements are best depicted 
by using the diet software. 
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TABLE 21-1 Predicted Nutrient Concentrations (DM Basis) Needed to Meet the Nutrient Requirements for Holstein Cattle at Varying Stages of 
Lactation and Ages of M aturity 

Age. days 

BW. kg 

Growth Rate, kg/d 

Dry mauer intake, kg/d 
ME.Meal/kg 

NEL. Meal/kg 
Rumen-degraded protein. % 
Rumen-undegraded protein. % 

Crude protein, % 
Metabolizable protein. % 
Net protein. % 
N DF. min % 
Forage NDF, min % 

S1arch max. % (varie.~) 

Macrominerals. % 
Ca 
p 

Mg 
K 
Na 
Cl 
s 

DCAD-S mF.q/kg min 
Trace minerals. mg/kg 

Cu 
Co 
I 
Fe 
Mn 
Se 
Z n 

Vitamins. IU/kg 
Viramin A 
Vitamin D 
Viramin E 

30 

65 

0.7 

1.4 
3.68 

2 1.0 
16.5 
10.7 

0.59 
0.45 
0.15 
1.00 
0.35 
0.28 

5 

0.78 
90 
50 
0 .3 
70 

5.218 
1.5 18 
86 

100 

120 

0.7 

3.9 
2.26 

10.0 
6.6 
16.6 
9.5 
5.1 
25- 33 
19-25 
15-20 

0.78 
0.32 
0.14 
0.5 1 
0 .17 
0.14 

0.20 
39 

16 
0 .20 
0.69 
6 1 
49 
0.3 
47 

3.390 
924 
49 

Growing Calves and Heifers 

225 

230 

0.9 

6 .6 
2.09 

10.0 
4.4 

14.4 
8.1 
4.4 
25- 33 
19-25 
15-20 

o~ 

o~ 

0 .12 
o~ 

0 .16 
0 .14 

o~ 
42 

16 
0.20 
0 .58 
46 
44 
0.3 
4 1 

3.829 
1.044 
56 

350 

330 

0.8 

8 .5 
1.95 

10.0 
2 .6 

12.6 
6.8 
3.9 
25- 33 
19-25 
15-20 

0.44 
0.2 1 
0. 12 
0.54 
0. 16 
0. 13 

0.20 
45 

15 
0.20 
0.54 
32 
40 
0.3 
36 

4.265 
1.163 
62 

475 

420 

0.7 

9.8 
1.92 

10 .0 
1.7 

11.7 
6.1 
3.6 
25- 33 
19- 25 
15- 20 

0.37 
0.1 8 
0.12 
0.56 
0.15 
0.13 

0.20 
50 

15 
0.20 
0.53 
24 
38 
0.3 
34 

4.698 
1.28 1 
68 

600 

530 

0.9 

11.0 
2. 12 

10.0 
2.7 

12.7 
14.0 
10.7 
25- 33 
19- 25 
15- 20 

o.w 
0.19 
0. 10 
OM 
0. 16 
0 .13 

o~ 

60 

17 

0.20 
0.54 
28 
43 
0.3 
35 

5.288 
1.442 
77 

Dry Cows 

Days Preparrum 

60-2 Id I <2 ld 

740 740 

0.0 0.0 

13.9 13.0 
1.93 1.89 
1.28 1.28 
10.0 10.0 
1.9 3.6 

11.9 13.6 
5 .2 6.2 
3.6 4.2 
25- 33 25- 33 
19-25 19- 25 
15-20 15-20 

0.3 1 0.37 
0. 19 0.2 1 
0. 13 0.13 
0.62 0.65 
0 .1 6 0.16 
0.13 0.13 

0.20 0 .20 
66 - 100 

18 19 
0.20 0.20 
0.5 1 0.54 
13 14 
38 41 
0.3 0.3 
30 30 

5.850 6.272 
1.595 1.7 10 
85 17 1 

Lactating Cows by Parity (Body Weight) and Days in Milk " 

First (570 kg) 

Days-in-Milk 15 

Milk. kg 33 

Fat % 3.9 

Prote in % 3. 1 

20.8 
2.39 
1.5 1 
10.0 
6.2 

16.2 
9.9 
6.7 
25- 33 
19-25 

22-30 

0.57 
0.35 
0. 17 
1.03 
0.2 1 
0.29 
0.20 
148 

9 
0.20 
0.46 
16 
28 
0.3 
57 

3.02 1 
1.099 
22 

150 

39 

3.6 

3.0 

23.9 
2.61 
1.72 
10 .0 
7.0 

16.0 
9.8 
6.7 
25- 33 
19- 25 

22- 30 

0.57 
0.35 
0. 17 
0.97 
0.21 
0.30 
0.20 
130 

8 
0.20 
0.42 
16 
26 
0.3 
58 

2.7% 
954 
19 

20 

53 

3.7 

2 .8 

25.8 
2.58 
1.6 1 
10.0 
7.5 

17.5 
10.8 
7.4 
25- 33 
19-25 

22- 30 

0.64 
0.39 
0.18 
I.JO 
0.23 
0.34 

0.20 
157 

10 
0.20 
0.47 
2 1 
3 1 
0 .3 
66 

3.687 
1.085 
22 

Mature (700 kg) 

100 

55 

3.5 

2.8 

29.4 
2.73 
1.80 
10.0 
7.4 

17.4 
10.7 
7.3 
25- 33 
19-25 

22-30 

0.60 
0.37 
0.18 
1.00 
0.22 
0.32 

0 .20 
135 

0.20 
0.42 
19 
28 
0.3 
62 

3.303 
952 
19 

200 

43 

3.8 

3.3 

27.4 
2.60 
1.73 
10.0 
7.5 

17.5 
10.8 
7.3 
25- 33 
19- 25 

22- 30 

0.58 
0.35 
0. 17 
0.99 
0.21 
0.29 
0.20 
137 

10 
0.20 
0.41 
16 
27 
0.3 
6 1 

3. 103 
1.02 1 
20 

• Energy and protein requiremenls for dry and lactating cows have been adjusted for growth (0. 19 and 0.08 kg/d) for fi rst versus mature cows and changes in energy reserves (-0.36. - 1.00. 0.20. - 1.70. 
0-2 1, and 0 .21 kg/d) for the respective groups beginning with dry cows at less than 2 1 days prepanum. 
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TABLE 21-2 Predicted Nutrient Concentrations (DM Basis) Needed to Meet the Nutrient Requirements for Jersey Cattle at Varying Stages of 
Lactation and Ages of Maturity 

~ Lactating Cows by Parity (Body We ight) and Days in Milk " 

~ Dry Cows First (425 kg) Mature (520 kg) 

tIJ Growing Calves and Heifers Days Prepartum Days in Milk 15 150 20 100 200 

~ Age. days 30 100 225 350 475 60a 60-2ld l <2 ld Milk.kg 22 27 35 37 3 1 e 
t:O BW. kg 45 90 175 245 31a 4aa 555 555 Fat % 4.9 4.9 5.a 4.8 4.8 

~ Growth Rate, kg/d 0.5 a.6 a.7 a.6 a.7 a.7 a.a a.o Protein % 3.9 3.7 3.5 3.5 3.7 

~ Dry matter intake. kg/d 1.a 3.a 5.1 6 .5 7.4 8.3 10.4 9.8 16.5 19.4 20.5 23.5 2 1.9 n ME.Meal/kg 3.69 2.41 2. 16 2.a2 2. 13 2.25 2.04 2. Ia 2.41 2.72 2.67 2.8a 2.68 

~ NEL. Meal/kg - - - - - - 1.36 1.4 15 1.53 1.79 1.67 1.85 1.78 

~ 
Rumen-degraded protein. % - 10.a 10.0 10.0 1a.o 1a.a 1a.o 10.0 10.0 10.0 10.0 10.0 10.0 

~ 
Rumen-undegrnded protein, % - 7.8 4.4 3.1 3.1 2.9 1.8 3.1 6.8 7.6 8.0 8.0 7.6 

0 Crude pro1ein, % 22.9 17 .8 14.4 13. 1 13.l 12.9 11.8 13. 1 16.8 17.6 18 18 17.6 
Metabolizable protein.% 18.2 1a .6 8.2 7.2 6.9 6.6 5.5 6.1 1a.2 1a.6 II. I 11.a 1a .7 z Net protein. % 11.0 5.2 4.4 4.0 4.10 4.10 3.8 4.1 7.0 7.2 7.6 7.5 7.3 
NDF. min % - 25-33 25-33 25-33 25-33 25-33 25-33 25-33 25-33 25-33 25-33 25-33 25-33 n Forage N OF, mi n % - 19-25 19-25 19-25 19-25 19-25 19-25 19-25 19-25 19- 25 19-25 19-25 19-25 

0 S1arch max. % (varie.~) - 15-2a 15-20 15-20 15-20 15-20 15-20 15-20 22-30 22-30 22-30 22-30 22-30 
Macrominerals, % 

~ Ca 0.75 0.84 0.58 0.44 0.43 0.39 0.31 0.36 0.56 0.56 0.63 0.60 0.57 

~ p 0.55 0.34 0.26 0 .21 0.20 0. 19 0.2 1 0.23 0.33 0.34 0.37 0.35 0.34 

I Mg 0.15 0.14 0. 12 0.12 0. 12 0.10 0.13 0. 13 0.16 0.16 0. 17 0.17 0.16 

e K 1.20 0.50 0.52 0.53 0.56 a .60 0.62 0.65 0.% 0.89 1.a1 0.92 0.93 
Na 0.43 0.17 0.16 0 .16 0.16 0.16 0.16 0.16 0.20 0.20 0.2 1 0.21 0.20 

~ Cl 0.34 0.14 0.14 0.13 0.1 3 0. 13 0.12 0.13 0.27 0.27 0.3 1 0.29 0.27 
(') s - 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0 DCAD-S. mEq/kg min - 39 40 43 50 60 66 -100 133 114 140 119 124 i'-1 
i'-1 Trace minerals. mg/kg 
(D Cu 6 17 15 15 16 17 18 19 9 8 9 8 8 
(') Co 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
«"""+-

I 1.08 0.77 0.64 0.61 0.60 0.61 0.58 0.62 0.45 0.41 0.46 0.4 1 0.41 (D 
0... Fe 110 68 46 32 32 29 13 14 13 14 17 16 14 

Mn 60 52 44 39 42 44 38 4 1 25 23 28 25 25 

~ Se 0.3 0.3 0.3 0 .3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
i'-1 Zn 84 49 4 1 36 36 35 30 30 53 54 59 56 53 
0 Vitamins. JU/kg 
0 Vitamin A 6.084 3.286 3.745 4.162 4.592 5.273 5.850 6.242 2.836 2.405 2.7% 2.520 2.616 
H) 

Viramin D 1.770 896 1.021 1. 135 1.252 1.438 1.595 1.702 1.03 1 875 1.017 884 95 1 \/) 
Vitamin E 90 48 54 6 1 67 77 85 170 21 17 20 18 19 

•Energy and protein requi rements for dry and lactating cows have been adjusted for growth (0. 14 and 0.06 kg/d) for first versus mature cows and changes in energy reserves (-0.24. -0.75. 0. 15. - 1.28. 0. 16. 
and 0.16 kg/d) for the respective groups beginning with dry cows at les.~ than 2 1 days prepartum. 
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TABLE 21 -3 Pre d ic ted Prote in and A mino A c i d R equi re m e n ts for F irs t- L actatio n and Matu re H o ls te i n and J e rsey Cows at 

Va ry ing D ays in Milk 

Holstein Jersey 

Parity (Body Weight, kg) First (570 kg) Mature (700 kg) First (425 kg) Mmure (525 kg) 

Days in milk 15 150 20 100 200 15 150 20 JOO 200 
Milk. kg/d 33 39 53 55 43 22 27 35 37 31 
Milk protein. % 3.06 3.02 2.76 2.83 3.26 3.90 3.70 3.49 3.46 3.69 
Milk protein, g/d 1,0IO 1, 178 1,463 1,557 1,402 858 999 1,222 1,280 1, 144 
Dry matter intake. kg/d 20.8 23.9 25.8 29.4 27.4 16 .5 19.4 20.5 23.5 2 1.9 
Protein intake. g/d 3.370 4.063 4.515 5.1 16 4.795 2.772 3.414 3.690 4.230 3.854 

Rumen degraded. g/d 2.080 2.390 2.580 2.940 2.740 1.650 1.940 2.050 2.350 2.190 
Rumen undegraded. g/d 1.290 1.673 1.935 2. 176 2.055 1. 122 1.474 1.640 1.880 1.664 
Net protein. g/d 1,399 1,598 1.902 2, 145 2,005 1,149 1,401 1,554 1,764 1.601 
Metabolizab le protein. g/d 2.057 2.350 2.797 3, 154 2.948 1,690 2.060 2.285 2.594 2.354 

(eff. = 0 .68) 

Target Absorbed Essentia l Target 
Amino Acids Efficiency Target Absorbed Amino Acids, g/d 

Histidine 0.75 47 56 60 8 1 76 39 54 50 67 6 1 
lsoleucine 0.69 105 123 142 17 1 158 88 113 117 142 127 
Leucine 0.74 164 193 2 15 275 256 137 183 179 229 206 
Lysine 0.70 143 170 188 244 227 120 162 156 202 183 
M elltionine 0.70 47 55 62 79 73 39 52 52 66 59 
Phenylalanine 0.60 105 123 139 173 16 1 87 114 115 143 129 
Threonine 0.60 96 I t4 125 16 1 150 80 107 103 133 12 1 
T ryptophan 0.63 23 27 31 39 36 19 26 25 32 29 
Valine 0.85 116 136 132 153 178 96 127 127 159 143 

Total e.~sential amino acids 0.68 978 997 1.1 15 1.500 1.3 16 994 938 924 1.173 1.054 
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AA 
AC 
ACP 
ADF 
ADG 
ADH 
ADIP 
ADL 
ADP 
AEA 
Al 
AMS 
AOAC 

BCS 
BHBA 
BRIX 
BSE 
BUN 
BV 
BW 

CCK 
CJD 
CLA 
Co A 
CP 
CV 

DA 
DCAD 
DCAD-S 
dCP 
DDGS 
DE 
DEI 
DEJnp 
dFA 

Appendix B 

Acronyms and Abbreviations 

amino acid 
absorption coefficient 
acyl carrier protein 
acid detergent fiber 
average daily gain 
antidiuretic hormone 
acid detergent insoluble protein 
acid detergent lignin 
apparently digestible protein 
apparent efficiency of IgG absorption 
Adequate Intake 
automatic milking system 
Association of Official Analytical Chemists 

body condition score 
~-hydroxybutyric acid 
unit of measurement of sugar concentration in an aqueous solution 
bovine spongiform encephalopathy; "mad cow disease" 
blood m·eaN 
biological value 
body weight 

cholecystokinin 
Creutzfeldt- Jakob disease 
conjugated linoleic acid 
coenzymeA 
crude protein 
coefficient of variation 

displaced abomasum 
diet cation- anion difTerence calculated with Na, K, and Cl 
dietary cation-anion difference calculated with Na, K, Cl, and S 
digested crude protein 
dried distillers grains with solubles 
digestible energy 
digestible energy intake 
nonprotein DEi 
digested fatty acid 

476 
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APPENDIXB 

DFM 
DfM 
DM 
DMI 
DMTI 
dNDF 
DOM-I 
DON 
ORI 
dROM 

dRUP 
dSt 

EAA 
EAR 
EBG 
EBW 
EBWtr 
ECW 
EDDI 
EMPS 
EN 
EO 
eROM 
EUCP 

FA 
FAD 
FFM 
FMN 
INDF 
INDFD 
FPCM 
FPstarter 
FWJ 

GasE 
GE 
GET 
GHG 
GM 
GPx/GSHpx 

HCI 
HCN 
HMBi 
HMTBA/HMB 
HP 

JCW 
lg 
iNDF 
[U 

IV 
IVNDFD 

direct-fed microbial 
days in milk 
dry matter 
dry matter intake 
divalent metal transporter I 
digested NDF 
de-epoxy DON 
deoxyni valenol/vomitoxin 
Dietary Reference Intake 
digested residual organic matter 

intestinally digested rumen-undegraded protein 
digested starch 

essential amino acid 
estimated average requirement 
empty body gain 
empty body weight 
empty body water 
extracellular fluid water 
ethylenediamine dihydriodide 
efficiency of microbial protein synthesis 
endogenous N 
essential oil 
endogenous ROM 
endogenous urinary CP 

fatty acid 
Aavin adenine dinucleotide 
fat-free mailer 
flavin mononucleotide 
forage NDF 
digestibility of forage NDF measured in vitro o r in situ 
fat- and protein-corrected milk 
time relative to first offer of starter 
free water intake 

gaseous energy 
gross energy 
gross energy intake 
greenhouse gas 
genetically modified 
glutathione peroxidases 

hydrochloric acid 
prussic acid/hydrocyanic acid 
isopropyl ester of HMTBA 
DL-2-hydroxy-4-methyl thio butanoate 
heal production 

intracellular fluid water 
immunoglobulin 
indigestible NDF 
international unit 
iodine value 

in vitro NDF digestibility 
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IVNDFD48 
IVSD 

LB 
LCFA 
LDA 

MalBW 
MBW 
MCFA 
MCP 
ME 
MEg 
MEI 
MEiLD 
MEm 
MFD 
MFP 
MicN 
MilkE 
M1R 
Mn-SOD 
MNU 
MOS 
MP 
MPY 
MR 
MSE 
MSPE 
MTL 
MUFA 
MUN 
MW 
MY 

NAN 
NANMN 
NDF 
NDIP 
NDSC 
NDSF 
NEAA 
NEFA 
NEL 
NEm 
NFC 
NFFS 
nfNDF 
NP 
NPN 

OM 

IVNDFD after 48-hour incubation 
in vitro starch digestibil ity 

degradation rate 
rate of passage 

large breed 
long-chain fatty acid 
left displacement of abomasum 

mature body weight 
metabolic body weight 
medium-chain fatty acid 
microbial crude protein 
metabolizable energy 
ME for gain 
ME intake 
ME intake from liquid d.iet 
ME for maintenance 
milk fat depression 
metabolic feca l protein 
microbial N 
milk net energy 
mid-infrared 
manganese superoxide dismutase 
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microbial N derived from urinary tu-ea-N 
maltooligosaccharides, o ligosaccharides containing mannose 
metabolizable protein 
milk protein yield 
milk replacer 
mean squared error 
mean squared predictio n error 
maximum tolerable level 
monounsaturated fatty acid 
milk urea N 
molecular weight 
mean milk y ie ld 

nonammonia nitrogen 
nonammonia-nonmicrobial N 
neutral deterge111 fiber 
neutral detergent insoluble protein 
neutral detergent soluble carbohydrate 
neutral detergent soluble fiber 
nonessential amino acid 
nonesterified fatty acid 
net energy for lactation 
net energy for maintenance 
nonfiber carbohydrate 
nonforage fiber sources 
nonforage NDF 
net protein 
nonprotein nitrogen 

organic matter 
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PA 
paNDF 
PD 
pdNDF 
PDV 
PEM 
peNDF 
PSPS 
PTH 
PUFA 

qPCR 

RDA 
RE 
RH 
RMSE 
RM SEP 
ROM 
ROS 
RP 
RUP 

SB 
sec 
SFDMI 
sNPNCPE 

Ta 
TBW 
TCA 
TDN 
TDS 
TFA 
THI 
TMR 
TP 
TRx 
TSE 
TSH 

UE 
UFA 
UL 
UN 
USP 

vCJD 
VFA 
voc 

WDG 
wsc 

pasture availability 
physically adjusted NDF 
purine derivatives 
potentially digestible NDF 
portal-drained viscera 
polioencephalomacia 
physically effective NDF 
Penn State Particle Separator 
parathyroid hormone 
polyunsaturated fatty acid 

quantitative polymerase chain reaction 

Recommended Dietary Allowance 
retained energy 
relative humidity 
root mean squared error 
root mean squared error of prediction 
residual organic matter 
reactive oxygen species 
rumen protected 
rumen-undegradable protein 

small breed 
somatic cell count 
solid feed DMI 
supplemental nonprotein nitrogen on a crude protein-equivalent basis 

air temperature 
total body water 
tricarboxy I ic acid 
total digestible nutrients 
total dissolved solids 
total fatty acid 
temperature humidity index 
total mixed ration 
tme protein 
thioredoxin reductases 
transmissible spongiform encephalopathy 
thyroid-stimulating hormone 

minary energy 
unsaturated fatty acid 
tolerable upper intake level 
urinary nitrogen 
United States Pharmacopeia 

variant CJD 
volatile fatty acid 
volatile organic compound 

wet distillers grains 
water-soluble carbohydrate 
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Preface 

The Commiuee on NuLrient Requirements of D airy 
Caulc, in accordance with the Statement o f Task (. ee A ppen
dix A) developed lhe eighth revised edition of the Nutrient 
Requirements of Dai1y Callie and accompanying sortware 
model. A lthough extensively revised and in many cases ex
panded, most chapters in the previous edition (NRC, 2001) 
are included in tllis version. Although nutrient interactions 
abound, the commiuee maintained the approach of separat
ing discuss ion (chapters) mainly by nutrient (e.g., energy, 
protein, minerals). but some chapter. discuss speci fie classes 
o f animal (calves or transition cows). New chapters on pro
duction systems, feed by-products, additives, Loxic agents. 
and feed anal ysi s were added. Chapters include a review of 
the literature (mostly on papers published after 2000) wilh an 
ernphasi. on ju Lification of requirements and equations. The 
software model was extensively revised from the previous 
edition to include all of lhe revisions discussed in the text. 

Info1mation in some chapter is not directly used in the 
software, but they arc in-depth reviews of topics related 
lo the nutrition and feeding or dairy cattle. M ost chapters 
b1clude equations that were incorporated into the oftware 
lo estimate nutrient supply, requirements (or responses), and 
other outputs that may have value to nutritionists and other 
users. The availability of the needed inputs was paramount 
when deciding on which equauons lo include. The inputs 
required are usually available from on-farm data or from com
mercial feed testing laboratories. For ome outputs, published 
equations were evaluated and, if appropriate, focorporated 
directly into the model (e.g., estimated water consumption) . 
When multiple published equation. were available, lhe com
mittee evaluated the inference space of the equations, Lhe 
avajlability or the needed inputs, and fit slati. tics and chose 
o nes we thought were best. 1n ome case., u ers are allowed 
Lo choose specific equations. The committee auempted 10 

describe . trenglhs and weaknesses of various equations. 
For other output • . data from mostly published sources were 
collated, and new equations were derived from the database 

xvi 

(e.g., milk protein yield responses). L ast, in situations where 
very liuJe data were available, equations may .represent simple 
mean responses (e.g., some mineral requirements). Adequate 
in formation is in U1e text o that users can determine how 
equations were de1ived. 

A s with previous editioris, changes were not made 10 

requirements (or recommendations) unless new data or a 
reanaly is o f older data indicated changes were necessary. 
H owever. most nutrient requirements underwent at least 
minor revisi on. The greate t changes occurred with protein. 
The protein/amino acid supply and requirement system was 
completely revised compared to the sevenlh edition, w ith 
much greater emphasis on amino acid rather than protein. 
Dry mauer intake equations were developed for all classes 
of caule, and in some cases. include feed factors in addition 
to animal characteristics. The calr requirement system for 
protein. energy, and minerals underwent ex tensive revision. 
To e timate environmental impact. methane production is 
estimated, as is manure excretion of nitrogen and phosphorus. 
The feed com position database is completely revised and 
includes estimate of variation and ranges for many common 
feeds. A llhough this edition is a significant and comprehen
sive update, substantial gaps in knowledge still exist, and 
the. e were pointed out in specific chapters. "fhi. was done to 
not only encourage research in those areas but also indicate 
why requirements or supply functions were 1101 presented for 
certain nutrients. 

The software does not use stochastic processes; however, es
timates or variance for equation coefficients and various fil sta
tistics are included. User can use that information todetennine 
the amount of confidence they assign to specific estimates. A 
maj or goal in development o f lhe feed composition data tables 
wa. to generate accurate esLimates of variation by rigorously 
screening data. For many minerals and vitamins, inadequate 
data were available to derive accurate estimates or variation. 
and 10 indicate the level of unccrLainty in those situations, the 
tenn Adequate Intake was used in place of requirement. 
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PREFACE 

T he software model is integral lo the book. The interface 
is similar to the 200 I model, bul output has been extensively 
revised and provides more information 1han previously and 
i111 a user- friendly formal. As w ith all soflwarc, the oulpul L 
only as accurate as the inpuls, and users are encouraged LO 

use actual data, ralher than defaults, whenever possible. T hjs 
revision and its accompanying software should be o f value 

xvii 

to teachers and studenLi; of dairy caule nulrition. field nutri
tionists and veterinarians, nu1ri1ion scientists, and ultimately 
producers and consumers of dairy products. 

Richard A. Erdman and William P. Weiss, Co-Chairs 
Commiuee on N utrient RequiremenL'i. of Dairy Cattle 
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