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Table 1- Chemical Composition of the Experimental Diets
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Table 2- The effect of increasing starch level for each rumen degradable protein level on gas
production parameters

Gas Production Parameters ;15 a3 (sla daiul § (o S (il g 3 T st
el w5
Ly K, Vs* Lyt Ky VA Starch ‘daasid yo
Level RDP Level
6.07 0.03 209.2 0.51 0.13 123 20
5.54 0.03 211.3 0.50 0.15 127 23
591 0.03 200.9 0.50 0.14 137.9 26 9.5
6.45 0.03 181.7 0.44 0.13 148.5 29
6.27 0.02 174.6 0.49 0.13 160.4 32
6.77 0.03 212.9 0.34 0.13 114.9 20
5.2 0.03 207.1 0.39 0.15 126.5 23
5.87 0.03 196.3 0.37 0.13 1324 26 10.5
5.61 0.03 189.8 0.40 0.14 147.7 29
5.94 0.03 176.6 0.47 0.14 158 32
5.4 0.03 212.5 0.34 0.15 117.6 20
5.06 0.03 203.7 0.37 0.15 128.1 223
5.14 0.03 193.3 0.36 0.15 135 26 115
5.05 0.03 181.2 0.39 0.15 150.3 29
5.64 0.03 164.9 0.42 0.14 159.9 32
4.55 0.03 219.3 0.35 0.18 108.5 20
4.85 0.03 205.1 0.39 0.16 121.3 23
4.90 0.03 194.5 0.41 0.16 103.3 26 12.5
4.86 0.03 185.5 0.41 0.16 145.1 29
0.05 0.03 174.6 0.38 0.16 160.4 32
0.12 0.0004 2.83 0.008 0.003 1.93 SEM*
Effect of starch for each protein level 43523 Jal (i gy qelans 58 9 Aealids Al3As £ glacs & 5l
Cubic Cubic Cubic . N)S_\.; Cubic  Quadratic 9.5
P A2 S R SN . pRARY aswdn?
Cubic Cubic Linear Linear Quartic Linear 10.5
Pt Aa 0 psdAa 2 ks oha pom A2 oha '
Quadratic Cubic Linear Linear .NS)_\.; Linear 11.5
prar ppaan Gha RN '
Linear Cubic Linear .NS . Linear Linear 12.5
s T N (s '

S g £ 5 ¥ (Sad sule o S sl 0 Sl i) SIosa 3l s (s 51 gaal 8 5ELY (Sia sule B (a0 s 5
sl s S8 0 (ool cun 53) SHea wiadll ps Gias sl Sle) @By ¢ (el 5o s @) Shsa 4dalll e (s )
oty 3l ce s b i 5 S a5 £ 5 1 (Saa sule o S D) 4 S Glie) ST Gl sl w03 e b (i )
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b (Sl ol
1. Based on the dry matter; 2. Gas (ml/mg of DM) produced from soluble fraction (fast pool); 3. gas production
rate (ml/h) from fast pool; 4. Lag time for (h) fast pool; 5. Gas (ml/mg of DM) produced from insoluble fraction

(slow pool); 6. gas production rate (mi/h) from slow pool; 7. Lag time for (h) slow pool; 5. Standard error of
means.
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Table 3- The effect of increasing starch level for each rumen degradable protein on dry matter
degradability, microbial mass production and partitioning factor

L dail B (o
T B (aii 9 52
NH:-Né¢  EMBP’  MBP® PFS  IVTDDM‘ IVADDM® CGp? b o% s
Lasasis

16.3 0.31 192 3.40 619 528 182.3 20

16.0 0.30 199 3.34 644 556 198.8 23

15.2 0.33 243 3.51 730 591 208 26 9.5
15.1 0.35 269 3.60 769 681 213.7 29

14.5 0.37 294 3.72 792 689 212.7 32

18.4 0.34 229 3.55 672 538 189.3 20

17.7 0.31 210 3.42 666 564 194.6 23

17.3 0.36 260 3.63 733 623 201.9 26 10.5
16.9 0.38 301 3.80 783 674 206.3 29

16.7 0.38 301 3.80 783 707 206.3 32

19.7 0.34 226 3.55 663 555 186.5 20

19.4 0.37 263 3.69 717 591 194 23

18.9 0.37 271 3.69 742 633 200.9 26 115
18.5 0.38 301 3.80 783 693 206.3 29

18.3 0.40 320 3.87 809 691 209 32

21.8 0.34 225 3.54 665 564 188 20

20.7 0.36 248 3.64 696 612 191.3 23

204 0.40 300 3.92 744 673 189.7 26 12.5
19.7 0.40 303 3.91 756 691 193.6 29

19/00 0/40 316 3.88 796 717 204.0 32

0.29 0.006 5.07 0.06 12.9 12.2 4.24 SEM?*
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1. Based on the dry matter; 2. Cumulative Gas production (ml/mg of DM) 3. Apparently degraded dry matter (mg/ g of
DM); 4. Truly degraded dry matter (mg/ g of DM); 5. Partitioning factor (mg/ml) 6. Microbial biomass production
(mg/g of dry matter); 7. Efficiency of microbial mass production (mg/mg); 8. Nitrogen ammonia concentration (mg/dl)

9. Standard error of means
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Table 4- The effect of increasing starch level for each rumen degradable protein on VFA (Mmol) and

Methane (ml per gram incubated dry matter) after 24 h incubation

L aail B ol
TS s g
Laspuad Js B oy
" olie ((C2+C4)/C3y Cc2/C3Y i | X o Sy 95 Sy Pl 53 g3 ‘olisngn St S:arcr Vasesis
Methane I e Iso-Valerate Valerate Butyrate Propionate Acetate eve
Total VFA RDP Level
38.02 4.56 4.03 75.39 0.71 1.00 7.00 13.25 53.44 20
33.91 4.05 3.63 71.12 0.76 1.06 5.70 13.73 49.86 23
25.68 3.34 3.06 69.55 0.92 1.31 4.70 15,51 41.47 26 9.5
16.46 2.76 2.55 65.52 0.94 1.29 3.60 16.83 42.86 29
16.46 2.47 2.28 62.12 0.99 1.46 3.20 17.21 39.26 32
33.91 4.18 3.68 71.44 0.81 1.13 6.70 13.41 49.40 20
37.03 3.60 3.23 67.76 0.84 1.18 5.30 14.29 46.15 23
25.68 3.21 2.94 65.99 0.84 1.48 4.10 15.14 44.43 26 10.5
20.57 2.48 2.25 62.35 0.96 1.47 4.00 17.22 38.70 29
17.45 2.39 2.17 59.61 0.98 1.61 3.70 16.81 36.51 32
37.03 3.62 3.14 72.00 0.92 1.29 7.2 15.10 47.47 20
34.98 3.16 2.82 68.56 1.00 1.34 5.50 15.90 44.81 23
27.73 2.44 2.23 64.92 1.04 1.39 3.80 16.12 40.52 26 115
20.57 2.15 1.96 60.53 1.05 1.46 3.60 17.96 36.00 29
20.57 2.30 2.10 55.71 1.06 1.41 3.30 18.09 33.83 32
34.98 3.40 2.94 71.74 1.01 1.18 7.40 17.79 46.36 20
33.91 3.05 2.68 68.95 1.04 1.37 6.10 16.42 44.02 23
28.80 2.56 2.34 65.47 1.10 1.40 4.00 17.68 41.29 26 125
21.56 2.31 211 62.07 1.12 1.54 3.50 18.17 37.94 29
18.52 2.02 1.84 57.34 1.15 1.57 3.20 18.41 33.34 32
0.52 0.07 0.06 1.31 0.02 0.02 0.09 0.31 0.88 SEM*
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Abstract

BACKGROUND: Synchronization between energy and protein is an important topic in feeding
programs of high producing lactating cows OBJECTIVES: Effects of four concentrations of rumen
degradable protein (RDP) (9.5, 10.5, 11.5 and 12.5%) and five concentrations of starch (20, 23, 26,
29 and 32%) on gas production measurements from different pools (fast and slow) after 96 h of
incubation, microbial biomass production, partitioning factor (mg of truly digested DM/ml of gas
produced), short-chain fatty acids (SCFA) and methane after 24 h of incubation of a total mixed
ration were evaluated in vitro. RESULTS: Increasing starch within each RDP concentration resulted
in a linear increase for diets with 10.5, 11.5 and 12.5% RDP, whereas diets with 9.5% RDP had a
quadratic pattern in gas production from the rapidly degradable pool as starch concentration
increased. Conversely, gas production from the slowly degradable pool decreased linearly for all
RDP concentrations except for diets containing 9.5% RDP, which exhibited a cubic pattern. The in
vitro truly degraded dry matter (DM) was greatest (P<0.05). in diets with 11.5% RDP, while other
variables like partitioning factor (PF), microbial biomass production (MBP) and efficiency of
microbial biomass production (EMBP) were greatest (P < 0.05) in diets with 12.5% RDP.
Increasing starch concentration resulted in greater degraded DM but a decrease in ammonia
nitrogen concentration (P<0.05). More DM was degraded in both 11.5 and 12.5% RDP diets, which
also led to greater microbial mass production. Increasing starch decreased total SCFA of the diets.
The influence of starch on propionate concentration was similar to that noted in the PF, MBP and
EMBP of the diets. CONCLUSIONS: Overall, partitioning factor and efficiency of microbial
biomass production are more reliable criteria to use in evaluating differences in energy and protein
concentrations of total mixed ration than total gas production and degraded DM.
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