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Dairy cattle require dietary nitrogen and proteins to meet the requirements of their
ruminal populations of microorganisms. If ruminal microorganisms, particularly
bacteria, become nitrogen deficient then their growth and fermentative activity can be
restricted leading to reduced digestion of structural carbohydrates and declining levels of
feed intake. These microorganisms, which die and wash out of the rumen to the small
intestine, provide a substantial proportion of the protein absorbed from the small intestine
of the animal to meet the animal’ s metabolic requirements for amino acids, which are the
building blocks of proteins. However, with the exception of the lowest producing dairy
cows, the microbial contribution alone is seldom sufficient to meet these metabolic
requirements making enhancement of intestinally delivered supplies of protein from
dietary feed sources critical if the animal isto reach its genetic potential for productivity.

Forages and plant source by-products comprise the base of most successful rations for
lactating dairy cows. These feedstuffs typically contribute structural fiber, protein,
minerals and variable quantities of non-structural carbohydrates that are available to be
fermented by microbes in the rumen. However forages containing between 15 and 22%
crude protein, of which 20 to 30% escapes the rumen undegraded, that is fed at 35% of
total dry matter intake to high producing dairy cows will also supply between 250 and
550 g of intestinally absorbable amino acids. These quantities represent between 10 and
20% of the animals total intestinal amino acid requirement. Thus it is important to
accurately estimate the amino acid composition of these rumen escape proteins if the
amino acid requirements of the animals are to be met, but not exceeded.

Purpose

The amino acid profile of the rumen escape protein of a number of feedstuffs commonly
fed to dairy cows was determined over a period of several years as the feedstuffs were
collected from various commercial sources. This article presents the amino acid profile
of several forages and plant source by-products. Subsequent articles present similar data
for grains and whole seeds, as well as plant and non-plant source protein meals.



Methods Used

Samples of several forages and plant source by-products were collected from various
sources. The amino acid composition of the rumen escape protein of these feedstuffs was
estimated using a traditional rumen in situ method. Using this procedure, small quantities
of various forages and plant source by-products were incubated in small nylon bagsin the
rumens of two dry cows fed a diet of grass hay and minerals at a maintenance level of
energy intake. The undigested feedstuff residues, that were removed from the rumen at
predetermined times, were dried and assayed for amino acids utilizing traditional amino
acid assay procedures, with a separate analysis for cystine and methionine that included
oxidation with performic acid. Times of rumen incubation of all forages, except afafa
and timothy pasture, were 24 h (rumen rate of passage (kp) estimated to be 4.17 %/h),
whereas those for all plant source by-products and the two pasture forages were 16 h (kp
estimated to be 6.25 %/h). No corrections were made for truly indigestible amino acids
in the feedstuff residues or microbial amino acids in the feedstuff residues. This may
influence interpretation of the data.

Results Available

The amino acid profiles of the undigested forage and plant source protein residues are
shown in the Tables. Each of the feedstuff samples represents a different source of that
particular feedstuff. There is substantial variation in the amino acid profile of the protein
residues among feedstuffs, with differing extents of variation within a feedstuff among
amino acids.

Use of the Data

The data presented in the tables can be utilized in preparing, or evauating, rations for
dairy cattle under situations where the requirements of the animals for intestinally
absorbable amino acids have been estimated. The amino acid values in the tables can be
directly applied to the estimated rumen escaping digestible crude protein.

Future Perspectives

This project is ongoing. The author plans to update this article on an annual basis to
reflect new sample analyses that have become available during that period of time.

* * * *
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Tablel. Amino Acidsin Rumen Escape Protein of Forages (% CP)

Feedstuff # Lys His Arg Thr Gly VvVd Ille Leu Tyr Phe Cys Met
Alfafahay 2 Min 414 144 331 421 554 409 325 6.98 237 473 169 217
Max 433 166 3.97 450 592 438 355 734 237 566 201 249
Avg 424 155 364 436 573 424 340 7.16 251 520 185 233
Alfdfapasture 2 Min 392 151 357 3.63 531 399 275 7.05 239 505 159 287
Max 425 183 390 435 771 427 305 709 270 505 183 3.19
Avg 4.08 167 373 399 651 413 290 7.07 255 505 171 3.03
Alfdfasilage 2 Min 352 176 240 3.68 495 367 256 560 224 416 192 176
Max 3.67 192 255 3.83 528 416 271 7.03 255 4.63 255 272
Avg 3.60 184 248 3.76 512 392 264 631 240 440 224 224
Barley silage 2 Min 3.08 134 267 334 434 345 234 534 234 417 200 267
Max 317 145 454 345 435 345 254 580 290 4.18 272 3.08
Avg 313 139 360 339 435 381 244 557 262 418 236 2.88
Corn silage 2 Min 246 133 322 246 488 246 208 454 235 417 208 3.07
Max 343 163 325 361 492 325 253 6.86 3.03 470 253 3.22
Avg 295 148 323 3.04 490 286 231 570 269 443 231 314
Corn/Sunflower 2 Min  3.15 118 221 331 442 284 236 552 221 3.63 206 251
silage Max 339 173 268 354 473 324 268 693 251 413 221 331
Avg 327 146 245 342 458 304 252 622 236 383 214 291
Oat silage 2 Min 394 135 320 320 422 295 222 492 246 388 253 253
Max 4.05 148 321 371 468 321 270 540 253 394 295 271
Avg 399 141 321 346 445 308 246 516 250 391 274 262
Timothy hay 2 Min 290 152 304 301 470 366 170 563 288 456 180 222
Max 379 183 484 332 615 525 235 691 3.60 536 209 235
Avg 335 168 394 316 543 446 203 6.27 324 49 195 229
Timothy pasture 2 Min 3.79 152 329 412 493 392 316 683 202 4.63 2.02 180
Max 3.86 167 329 417 502 476 412 759 257 544 232 215
Avg 3.83 159 415 414 497 434 364 721 230 503 217 198
Timothy silage 2 Min 271 118 271 174 406 290 213 522 232 445 174 252
Max 3.87 155 3.03 219 472 375 337 640 236 455 185 2.69
Avg 329 136 287 197 439 334 275 581 234 450 180 260




Table2. Amino Acidsin Rumen Escape Protein of Plant Sour ce By-Products (% CP)

Feedstuff # Lys His Arg Thr Gly VvVd Ille Leu Tyr Phe Cys Met
Beet pulp 2 Min 372 256 313 412 445 463 247 594 396 371 132 157
(dried) Max 396 273 322 446 479 478 273 6.12 4.05 397 148 174
Avg 384 264 318 429 462 471 260 6.03 400 3.84 140 1.65
Brewers grains 2 Min 146 117 210 198 233 228 146 6.19 228 338 169 134
(dried) Max 189 182 310 283 364 350 243 890 283 519 236 216
Avg 167 149 260 241 299 289 194 754 255 429 203 175
Didtillers grains 4 Min 179 199 305 557 3.03 3.00 218 11.04 3.17 470 208 2.28
(dried, corn) Max 217 243 353 6.34 373 420 317 1147 3.60 533 230 262
Avg 192 219 321 6.07 351 364 269 11.27 337 500 219 246
Didtillersgrains 2 Min 126 188 319 248 326 319 252 650 260 438 224 182
(dried, wheat) Max 138 196 344 264 339 341 288 6.73 269 462 232 193
Avg 132 192 331 256 333 330 270 661 264 450 228 1.87
Potato meal 2 Min 325 146 292 319 345 398 206 611 305 378 139 133
(dried) Max 4.62 198 421 421 495 478 305 784 371 503 165 148
Avg 394 172 356 3.70 420 438 255 697 338 441 152 141
Wheat bran 2 Min 407 136 472 420 6.78 656 244 6.24 262 380 4.83 3.15
Max 446 184 651 515 678 7.86 341 813 271 393 498 353
Avg 426 160 561 467 693 721 293 718 267 3.87 493 334
Wheat midds 2 Min 297 210 590 357 500 452 286 743 286 482 220 184
Max 4.85 220 6.01 446 669 551 354 866 3.67 498 262 184
Avg 391 215 595 401 584 501 320 805 326 490 241 184
Wheat shorts 2 Min 406 320 436 4.06 7.27 6.11 291 758 298 433 352 291
Max 4.07 352 758 4.07 731 7.04 325 844 320 582 436 298
Avg 4.07 336 597 407 729 657 3.08 801 309 507 394 294




