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Dairy cattle require dietary energy to meet the requirements of their ruminal populations
of microorganisms. If ruminal microorganisms, particularly bacteria, become energy
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, also provide
a small proportion of the carbohydrate and lipid which is absorbed from the small
intestine of the animal to meet the animal’ s metabolic requirements energy. However, to
allow dairy cows with high milk production capability to achieve their high genetic
potential, it is necessary to provide dietary ingredients with high levels of non-structural
carbohydrates to support microbial growth in the rumen, as well as escape the rumen
unfermented to be digested from the small intestine. The high starch grains and high fat
whole seeds are often used for this purpose in commercial rations for dairy cows.

Grains and whole seeds are typically added to rations for lactating dairy cows to
contribute fats, non-structural carbohydrates such as starch and variable quantities of
protein that are available to be fermented by microbes in the rumen. However even the
relatively low protein grains, containing between 10 and 14% crude protein of which 15
to 25% escapes the rumen undegraded, that are fed at 35% of total dry matter intake to
high producing dairy cows, will aso supply between 125 and 300 g of intestinally
absorbable amino acids. These quantities represent between 5 and 15% of the animals
total intestinal amino acid requirement. Equivalent values for protein-rich whole seeds
can be much higher. 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 grains and whole seeds. A previous article presented similar data for forages
and plant source by-products and a subsequent article presents data for plant and non-
plant source protein meals.



Methods Used

Samples of grains and whole seeds were collected from several 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 bags in 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 traditiona amino acid assay
procedures with a separate analysis for cystine and methionine that included oxidation
with performic acid. Times of rumen incubation of al grains, except triticae and wheat,
as well as whole cottonseed and extruded soybeans were 16 h (rumen rate of passage (kp)
estimated to be 6.25 %/h). Those for the other whole seeds and triticale and wheat were
6 h (kp estimated to be 16.67 %/h). These rather short mean retention times were
selected due to the very rapid rates of degradation of these feedstuffs in the rumen and a
desire to have some residue to assay. These No corrections were made for truly
indigestible amino acids in the feedstuff residues or microbial amino acid in the feedstuff
residues. This may influence interpretation of the data.

Results Available

The amino acid profiles of the undigested grain and whole seed 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 evaluating, 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 escape of 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 Grains (% CP)

Feedstuff # Lys His Arg Thr Gly VvVd Ille Leu Tyr Phe Cys Met
Barley 5 Min 256 149 267 290 341 395 204 613 175 407 128 171
Max 524 349 469 3.66 465 6.69 407 720 256 528 320 262
Avg 3.69 215 369 320 402 485 294 651 229 471 221 208
Barley 2 Min 247 179 349 276 344 336 197 630 238 417 238 213
(roasted) Max 251 181 357 277 389 349 238 6.35 293 443 261 213
Avg 249 180 353 277 367 343 217 633 265 430 249 213
Barley 2 Min 262 167 301 256 339 333 195 613 230 404 224 195
(steam flaked) Max 265 179 355 279 362 334 230 6.14 272 429 244 256
Avg 264 173 328 267 351 334 213 614 251 416 234 226
Corn 4 Min 144 204 243 252 251 314 189 1297 342 523 182 1.78
Max 223 223 373 320 345 333 251 1410 446 7.10 243 234
Avg 184 213 293 2838 290 324 216 1328 394 6.08 209 215
Corn 2 Min 164 183 215 260 260 328 2341340 271 504 173 135
(HM, ear) Max 168 187 231 3.08 271 364 241 1345 3.08 540 215 1.96
Avg 166 185 223 284 266 346 237 1342 290 522 194 166
Corn 2 Min 150 230 240 281 311 311 200 1373 368 531 240 219
(steam flaked) Max 179 239 268 3.08 318 3.78 258 14.21 3.71 547 248 230
Avg 165 234 254 294 314 344 229 1397 3.69 539 244 225
Oats 2 Min 333 133 400 333 533 800 333 533 133 333 4.00 4.00
Max 4.00 2.67 533 4.00 533 8.67 333 6.00 2.00 4.00 7.33 4.00
Avg 3.67 200 467 3.67 533 833 333 567 167 3.67 567 4.00
Rye 2 Min 361 134 347 361 575 361 254 601 235 392 0.78 157
Max 4.05 157 444 392 588 431 314 654 254 427 080 227
Avg 383 145 396 376 581 396 284 6.27 245 410 079 192
Triticale 2 Min 3.09 216 434 3.03 446 352 256 646 264 463 091 171
Max 328 223 6.08 328 528 383 280 680 269 49 128 176
Avg 318 219 521 315 487 367 268 6.63 266 479 110 174
Wheat 2 Min 252 209 355 276 455 306 220 656 274 510 205 159
Max 263 211 405 279 472 330 255 6.60 2838 517 238 1.80
Avg 257 210 380 277 464 318 238 658 281 514 221 1.69




Table2. Amino Acidsin Rumen Escape Protein of Whole Seeds (% CP)

Feedstuff # Lys His Arg Thr Gly VvVd Ille Leu Tyr Phe Cys Met
Cottonseed 2 Min 326 183 509 265 346 427 183 448 183 3.05 244 230
(whole, lint) Max 353 194 530 3.00 371 6.71 230 530 194 318 247 2.85
Avg 339 189 519 282 358 549 206 489 189 312 246 257
Lupin seeds 2 Min 383 208 390 333 356 349 226 6.23 277 377 132 126
Max 4.03 212 506 349 4721 352 253 656 315 410 137 137
Avg 393 210 448 341 388 350 240 640 296 394 135 131
Lupin seeds 2 Min 4.07 202 646 370 432 329 300 733 387 449 140 121
(roasted) Max 4.12 243 655 388 437 344 315 740 392 449 146 1.23
Avg 410 222 651 379 434 336 3.08 736 390 449 143 122
Peas 1 Avg 482 201 523 265 378 265 185 595 265 442 137 0.72
Soybeans 2 Min 464 261 539 371 443 419 358 720 3.12 526 1.09 1.23
Max 526 264 579 373 451 483 373 7.23 317 565 120 1.36
Avg 495 263 559 3.72 447 451 365 722 315 545 115 1.29
Soybeans 2 Min 538 244 6.77 359 403 400 390 7.8 364 526 130 141
(extruded) Max 548 254 725 360 406 417 412 817 387 561 131 141
Avg 543 249 701 3.60 405 409 401 801 376 544 131 141
Soybeans 2 Min 535 255 6.17 3.77 421 421 384 782 322 507 141 144
(micronized) Max 568 261 683 384 463 433 39 799 333 523 147 151
Avg 551 258 650 3.81 442 427 390 790 327 515 144 147
Soybeans 3 Min 484 250 6.25 3.71 427 315 277 744 359 536 141 137
(roasted) Max 568 258 705 384 460 562 480 813 384 564 160 1.60
Avg 539 255 658 375 448 420 363 786 3.73 549 150 146




