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EFFECTS OF METHIONINE HYDROXY ANALOG (MHA) AND(OR) FAT ADDED TO A LIQUID SUPPLEMENT ON RUMINAL AND POSTRUMINAL DIGESTION AND DUODENAL FLOW OF NUTRIENTS IN BEEF STEERS CONSUMING LOW-QUALITY LOVEGRASS HAY1
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ABSTRACT:  Five ruminally and duodenally cannulated beef steers (BW 339 ± 8 kg) were used in a 5 x 5 Latin square to evaluate effects of MHA and fat in a liquid supplement (61% CP DM basis) on digestion and duodenal flow of nutrients. Steers were fed low-quality hay (3.3% CP, 76.8% NDF) ad libitum and supplemented with 0.91 kg d-1 of one of four supplements in a 2 x 2 + 1 factorial arrangement of treatments. Treatments were: 1) control (no supplement; NC), 2) molasses-urea supplement (U), 3) U plus 1.65% MHA (UM), 4) U plus 12% fat (UF), and 5) U plus MHA and fat (UMF). Ruminal, duodenal, and fecal samples were collected to determine flow by dilution of a daily dose of chromium (particulate) and cobalt (fluid) and digestibility. Supplementation increased (P < 0.01) and MHA decreased (P < 0.01) OM intake (38 and 15% respectively). Supplementation tended (P = 0.10) to increase apparent ruminal OM digestibility compared with NC steers (42.6 vs 38.3%), while true ruminal OM digestibility was greater (P < 0.01) in NC steers than in supplemented steers (56.6 vs 52.3%). Total tract NDF digestibility decreased 8% (P = 0.01) in NC compared with supplemented steers and 7% in fat supplemented steers compared with steers not supplemented with fat. Supplementation and fat supplementation increased (P = 0.01) ruminal and total tract digestibility of ether extract. Supplementation increased (P = 0.01) duodenal flow of all N fractions except non-ammonia non-microbial N (NANMN). Duodenal microbial N flow and microbial efficiency each decreased 24% (P = 0.01) with fat supplementation, but NANMN duodenal flow increased 6.6 g d-1 (P < 0.01). Supplementation increased (P = 0.01) ruminal concentrations of total VFA.  Urea supplementation improved ruminal fermentation. Added fat decreased fiber digestion without affecting overall OM digestion, while MHA decreased intake without affecting ruminal digestion.
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Introduction
Non-protein nitrogen has been used to supplement cattle consuming low-quality forage, although performance has generally been poorer than when true protein supplements were fed (Pate et al., 1990).  In contrast, studies have reported improved body condition (Kalmbacher et al., 1995) and reproductive efficiency (Fordyce et al., 1997) in cows supplemented with molasses-urea-based supplements compared with cottonseed meal.  Although results are inconsistent, data suggest that molasses-urea-based supplements can improve performance by ruminants consuming low-quality forage.  One potential limitation of molasses-urea-based supplements is a reduced supply of metabolizable amino acids (AA) flowing to the small intestine.  This could be overcome by adding specific ruminally undegraded AA; however, data on the effect of ruminally undegraded AA on digestion and performance by beef cattle consuming low-quality forage is limited.  

Including fat increases the energy density of supplements.  Supplemental fat has been shown to increase milk production (Appeddu-Richards, 1999) and reproductive efficiency (Beam and Butler, 1997) in cows.  Beef cattle consuming low-quality forage may benefit from supplementation with urea, ruminally undegraded AA, and(or) fat; however, the effect of combinations of these ingredients on ruminal and total tract digestion has not been examined.  This study was designed to determine the effects of liquid supplements with or without methionine hydroxy analog (MHA) and(or) fat on ruminal and total tract digestion in steers consuming low-quality hay.

Materials and Methods
All procedures were conducted at the New Mexico State University Livestock Research Center in Las Cruces, NM.  Five English crossbred steers (BW = 338.6 ± 7.8 kg) fitted with a 10 cm i.d. ruminal cannula and a 1.8 cm i.d. T-type duodenal cannula were used.  Steers were housed in individual 10 x 30 m semi-enclosed pens.  Pens were equipped with concrete feed bunks and automatic waters.  All procedures were approved by the New Mexico State University, Institutional Animal Care and Use Committee.

Steers were randomly allotted to one of five treatments using a 5 x 5 Latin square design.  Treatments were arranged in a 2 x 2 + 1 factorial arrangement with factors being MHA (Alimet®, Novus International, St. Louis, MO) and fat plus a negative control.  Treatments were: 1) no supplement (NC); 2) molasses-urea supplement (U); 3) U plus 1.65% MHA (UM); 4) U plus 12% fat (UF); and 5) U plus 1.65% MHA and 12% fat (UMF).  Nutrient composition of the supplements are shown in Table 1.

	Table 1:  Chemical composition of liquid supplements with or without MHA and(or) fat.

	
	Supplementa

	Item
	U
	UM
	UF
	UMF

	Moisture %
	37.3
	37.7
	41.1
	41.6

	Component% DMB
	
	
	
	

	
	Ash
	19.5
	19.2
	17.2
	16.9

	
	CP
	61.4
	63.2
	61.4
	63.2

	
	NPN
	51.9
	51.0
	52.1
	51.2

	
	Ether Extract
	0.4
	0.4
	18.0
	18.0

	
	TDN
	68.6
	68.9
	89.4
	89.3

	a U = molasses-urea, UM = U plus 1.65% MHA, UF = U plus 12% fat, and UMF = U plus 1.65% MHA and 12% fat.


Steers had ad libitum access to long stem Lovegrass (Eragrostis curvula) hay (3.3% CP, 76.8% NDF, 44.3 % ADF; DM basis) fed twice daily (0800 and 1600 h).  Steers were dosed intraruminally with 7.5 g of CrO3 and 100 ml of Co-EDTA (361 mg Co(100 ml-1) at each feeding throughout the experiment.  Supplement was delivered through the ruminal cannula before the morning feeding.  Forage was weighed out daily and fed to steers on an individual basis, and orts were weighed-back daily before the morning feeding.  Forage, orts, and supplements were sampled at feeding.  Forage samples were composited by period, whereas orts and supplement samples were composited by animal within period.  Forage and orts were dried at 55ºC in a forced-air oven for 48 h, and ground in a Wiley mill to pass a 2-mm screen.  Supplements were stored (-20º C) until analyzed.  

Each of the five experimental periods was 14 d in length with d 1 through 7 for diet adaptation and d 8 through 14 for sampling.  Animals were haltered and tied during sample collection.  Ruminal and duodenal samples were collected on d 8 and 9 at 4-h intervals.  On d 9, sampling times were advanced by 2 h so that every 2 h in a 24-h day was represented.  Approximately 250 g of ruminal contents were strained through 4 layers of cheesecloth, whereas the remainder was retained as whole contents and frozen (-20ºC).  Ruminal fluid pH was measured immediately using a combination electrode (Orion Research, Boston, MA).  Ruminal fluid was then divided into two 10 mL aliquots; one aliquot was acidified with 0.5 mL of 6 N HCl.  Ruminal fluid samples were stored frozen (-20oC) until analysis.

Fecal grab samples were collected at 0700 and 1900 h on d 8 through 12 and frozen (-20o C).  Fecal samples were dried in a forced air oven (55oC) for 72 h and ground in a Wiley Mill to pass a 2-mm screen.  Dried fecal samples were then composited by animal within period on an equal weight basis. 

Whole-ruminal contents were composited by animal within period on an equal wet-weight basis, and a bacteria-rich pellet was obtained from the composite of whole-ruminal contents as described by Bock et al. (1991).  The bacterial pellet was lyophilized and analyzed for purine content using a modification of the procedure described by Zinn and Owens (1986), N content by micro-Kjeldahl, and ash (AOAC, 1990).  The purine to N ratio of bacteria was used to calculate microbial N flow at the duodenum.

Duodenal samples were lyophilized, ground with a micro-grinder (Model CM4, Salton/Maxim Housewares Inc., Mt. Prospect, IL) and composited by animal within period on an equal-weight basis.  Dry matter concentration of duodenal contents was determined from the moisture loss during freeze-drying.  Forage, orts, supplement, duodenal, and fecal samples were analyzed for DM, ash, N, and ether extract (EE; AOAC, 1990), and forage, orts, duodenal, and fecal samples were also analyzed for NDF (Goering and Van Soest, 1970).   Lyophilized duodenal contents were analyzed for purines (modification of Zinn and Owens, 1986), and chromium using atomic absorption spectroscopy  (Williams et al., 1962).  Concentration of Co by atomic absorption spectroscopy and ammonia (Broderick and Kang, 1980) was determined in a subsample of composited duodenal contents that was not lyophilized.  Cobalt and Cr concentrations were also determined in fecal samples

Acidified samples of ruminal fluid were analyzed for ammonia concentration by the phenol-hypochlorite method (Broderick and Kang, 1980).  Another 8 mL of ruminal fluid was added to 2 mL of ice-cold metaphosphoric acid for VFA analysis.  Concentration of ruminal fluid VFA was determined by gas chromatography (Erwin et al., 1961).

Apparent ruminal digestibility of nutrients was calculated as intake of each nutrient minus the amount of each nutrient flowing from the rumen divided by intake of each nutrient.  True ruminal OM digestibility was determined by subtracting bacterial OM from duodenal OM flow.  Apparent total tract digestibility was calculated as intake minus fecal output divided by intake of each nutrient.  Poststomach digestion was calculated as total tract digestion minus ruminal digestion.  Fluid flow at the duodenum was determined by the dilution of the daily dose of Co.  

Daily N flow at the duodenum was partitioned into microbial N, ammonia N and non-ammonia, non-microbial N (NANMN).  Microbial N was determined by multiplying the purine concentration in the duodenum by the purine to N ratio in the ruminal bacterial pellet (Zinn and Owens, 1986).  Ammonia N flow was determined by multiplying the ammonia N concentration times the liquid flow rate.  Flow of NANMN was determined by subtraction of the microbial and ammonia N from total N.  Microbial efficiency was calculated by dividing microbial N flow by OM truly fermented in the rumen.

The experiment was analyzed as a 5 x 5 Latin square design with steer and period as blocking factors.  Sample collection was repeated for two steers in a sixth period due to low intakes in period one.  In addition, one steer was removed from period two due to low intake.  Therefore, n = 5 for NC, UM, UF, and UMF, and n = 4 for U.  Statistical analysis was performed using the mixed models procedure of SAS (Littell et al., 1999).  Time dependent variables were evaluated using repeated measures analysis.  Means were separated using preplanned single degree of freedom contrasts.  Contrasts were: 1) supplement vs. no supplement; 2) supplements with MHA vs. supplements without MHA; 3) supplements with fat vs. supplements without fat; and 4) the interaction of MHA and fat.  Results were considered significant at the P = 0.05 level.

Results and Discussion

Organic matter, NDF, N, and EE intake and digestibility are shown in Table 2.  Total and forage OM intake was greater (P < 0.01) for supplemented steers than for NC steers.  In addition, total and forage OM intake was greater (P ( 0.02) in steers supplemented without MHA than in steers supplemented with MHA.  Due to the reduction in OM intake in NC and MHA supplemented steers, intake of NDF, N, and EE was also reduced (P ( 0.02) in these steers.  Supplementation with urea has been shown to stimulate intake of low-quality forages (Raleigh and Wallace 1963).  Moreover, urea supplementation has been shown to stimulate similar levels of intake as casein, when subsituting for 75% of the CP equivalents in a supplement for heifers fed low-quality forage (Koster et al., 1997) indicating that urea is effective in providing N to the ruminal microbes to enhance ruminal function.  

Similar to the current study, previous research has shown that when MHA is fed at high levels (70 g/d) total intake is reduced (Higginbotham et al., 1987).  Similarly, when dairy cows were ruminally infused with MHA at levels equal to 1.1% of total intake, feed intake was reduced to 88% of non-infused animals (Satter et al., 1975).  Since supplementation with MHA did not reduce OM digestibility in the current study, it appears that reductions in intake were not due to negative effects of MHA on ruminal microbes.  The current research indicates that levels of MHA intake, well below those established in dairy cows on high-quality diets, might reduce intake in beef steers consuming low-quality forage.


Apparent ruminal OM digestibility tended (P = 0.10) to be greater in supplemented steers than in NC steers.  However, true ruminal OM digestibility was greater (P = 0.05) in NC animals than in supplemented animals.  The increase in apparent OM digestibility with urea supplementation disagrees with work by Serrato-Corona (1998) with similar supplements in beef cows consuming a moderate-quality forage (7.4% CP).  The differences in the CP content of the basal diet may have led to the contradictory results between the two studies.  In cattle it has been shown that true ruminal OM digestibility was decreased in steers supplemented with urea compared with steers supplemented with combinations of urea and casein (Koster et al., 1997).  In the current study, small changes in bacterial OM led to large changes in true ruminal OM digestibility due to the low intake levels in the NC steers.

Apparent total tract digestibility of NDF was greater (P < 0.01) in supplemented steers than in NC steers, and was greater (P < 0.01) in steers supplemented without fat than in steers supplemented with fat.  Our study agrees with work done by Tjardes et al. (1998) in lactating cows in which supplemental fat caused a non-significant decrease in apparent total tract NDF digestibility (49.1 vs 43.1).

By design, steers supplemented with fat had greater (P < 0.01) intake of EE than steers supplemented without fat.  Apparent ruminal fat digestion was greater (P < 0.01) in supplemented steers than in NC steers, and apparent ruminal fat digestion was greater (P < 0.01) in steers supplemented with fat than in steers supplemented without fat.  The negative values for apparent ruminal digestion of fat in steers that did not receive fat supplementation indicate that microbial synthesis of fat exceeded fat hydrolysis in the rumen.  In contrast, animals that received fat supplementation had positive apparent ruminal digestion of fat indicating that the microorganisms were breaking down a significant portion of the supplemental fat.  The increase in fat digestion in response to fat supplementation is in contrast to work conducted in dairy cows that showed no difference in ruminal fat digestibility when tallow was included in the diet at 5% (Palmquist et al., 1993).

Apparent total tract digestibility of fat was greater (P < 0.01) in supplemented steers than in NC steers.  In addition, apparent total tract digestibility of fat was greater (P < 0.01) in steers supplemented with fat than in steers supplemented without fat, and was greater (P < 0.01) in steers supplemented with MHA than in steers supplemented without MHA.  This agrees with previous work by Sanson and Kercher (1996) who showed that apparent total tract digestibility of fat in lambs increased when fat was added to a concentrate based diet at 6, 9, or 12%.  However, previous work in dairy cows (Palmquist et al., 1993) has shown no effect of fat supplementation on total tract digestibility of fat.  Previous research has not examined the effect of MHA on total tract digestibility of fat.  Our data indicates that MHA improves total tract fat digestibility.  Mechanisms for this action are unclear; however, methionine is important for fat transport and lipoprotein formation potentially increasing absorption (Bertics and Grummer, 1999).

Apparent N digestion in the rumen was greater (P < 0.01) in supplemented steers than in NC steers.  The negative value for apparent N digestion in the NC steers would indicate that N was being recycled to the rumen at high levels.  In work with similar supplements fed to cows, apparent ruminal N digestion decreased in supplemented cows compared with NC cows (Serrato-Corona, 1998), which is in disagreement with the current experiment.  However, the current experiment agrees with previous research in cattle (Raleigh and Wallace, 1963).  Apparent total tract digestibility of N was greater (P < 0.01) in supplemented steers than in NC steers.

Nitrogen fractions flowing to the duodenum are presented in Table 3.  Ammonia N duodenal flow was greater (P < 0.01) in supplemented steers than in NC steers.  This increase in ammonia N flow reflects the increase in ammonia N production in the rumen in response to supplementation with urea.  Flow of microbial N was greater (P < 0.01) in supplemented steers than in NC steers.  Duodenal flow of microbial N was decreased (P < 0.01) and flow of NANMN was increased (P < 0.01) due to fat supplementation.  The increase in NANMN flow to the duodenum in fat supplemented steers relates to the decrease in incorporation of N into microbial protein reflected in the reduced flow of microbial N.  Microbial efficiency tended (P = 0.11) to be greater in supplemented steers than in NC steers, and was greater (P = 0.01) in steers supplemented without fat than in steers supplemented with fat.  This decrease in MOEFF agrees with the decrease in microbial N flowing to the duodenum in NC and fat supplemented animals.  

Ruminal pH, ammonia, and VFA concentrations are presented in Table 4.  Total VFA concentration was greater (P < 0.01) in supplemented steers than in NC steers and tended  (P = 0.14) to be greater in the steers supplemented without MHA.  Lower intakes in the NC and MHA supplemented steers may have accounted for the decreases in VFA concentrations in these steers.  This agrees with work done by Yan et al. (1996) in sheep.

There was a treatment x time interaction (P = 0.01) for the molar concentration of acetate.  This interaction appeared to be due to relative changes in the molar concentration of acetate over time with no clear treatment effects; therefore, molar concentrations of acetate were averaged over time.  Molar percent of propionate was greater (P < 0.01) in steers supplemented with fat than in steers supplemented without fat, and the acetate to propionate ratio was lower (P = 0.02) in steers supplemented with fat than in steers supplemented without fat.  The increase in the molar percentage of propionate and the decrease in the acetate to propionate ratio agrees with work done with calcium salts of fat in urea supplemented high-energy diets for feedlot steers (Hatch et al., 1972).  More recent research with limit-fed lactating beef cows (Tjardes et al., 1998) or lactating dairy cows (Palmquist et al., 1993) shows no effect of supplemental fat on either the molar percent of propionate or the acetate to propionate ratio. 
A treatment x time interaction (P = 0.01) was also detected for butyrate.  Similar to acetate no specific treatment effects were noted across time so the values were averaged across time.  The supplemented steers tended (P = 0.07) to have greater molar percentages of butyrate than the NC steers.  Molar percent of isobutyrate and isovalerate were greater (P < 0.01) in NC steers than in supplemented steers.  

A treatment x time interaction (P < 0.01) was detected for ruminal ammonia concentrations.  The treatment x time interaction for ruminal ammonia appeared to be due to relative changes in rank among the treatments over time.  Ruminal ammonia levels were greater (P < 0.01) in supplemented animals than in NC animals.  In cows fed similar supplements at a lower rate ruminal ammonia concentrations responded in a similar manner as the current study (Serrato-Corona, 1998).  Although the ruminal ammonia levels were high for 12 h after feeding, no toxicity symptoms were observed.  Owens et al. (1980) did not report toxicity symptoms in fasted steers fed urea until ruminal ammonia concentrations were well above 100 mg/dL.  The ruminal concentration of ammonia in the current study never reached 50 mg/dL, well below the previously reported toxicity levels. 

Conclusions

The results of this experiment indicate that urea supplementation can improve intake and digestibility of low-quality forages.  In addition, the increased N supply to the ruminal microbes enhanced release of VFA in the rumen.  The addition of MHA and(or) fat to liquid supplements had minimal effects on either ruminal digestion or total tract digestion of low-quality forages, although fat decreased total tract NDF digestibility.

Implications

Using urea as a supplement for animals consuming low-quality forage can improve use of the forage source.  The addition of MHA and(or) fat affected specific aspects of ruminal digestion; however, the effects were small and did not affect overall OM digestibility.  Therefore, addition of these ingredients to a supplement to improve animal production is possible without negatively impacting efficiency of forage use.
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	Table 2:  Effect of liquid supplements containing MHA and(or) fat on intake and digestibility of OM, NDF, EE, and N in steers consuming low-quality forage.

	
	Treatmentsa
	
	Contrasts OSLb

	Item
	NC
	U
	UM
	UF
	UMF
	SEc
	1
	2
	3
	4

	Intake
	
	
	
	
	
	
	
	
	
	

	
	Total OM, kg/d
	3.24
	4.71
	4.04
	4.62
	4.16
	0.18
	0.01
	0.01
	0.92
	0.54

	
	Total  OM, % BW
	0.97
	1.36
	1.17
	1.34
	1.25
	0.05
	0.01
	0.02
	0.61
	0.36

	
	Forage OM, kg/d
	3.24
	4.24
	3.58
	4.18
	3.72
	0.18
	0.01
	0.01
	0.85
	0.54

	
	Forage OM, % BW
	0.97
	1.22
	1.04
	1.21
	1.11
	0.05
	0.01
	0.02
	0.56
	0.42

	
	NDF kg/d
	2.61
	3.51
	2.96
	3.43
	3.06
	0.16
	0.01
	0.01
	0.95
	0.53

	
	EE, g/d
	80.9
	113.8
	95.5
	275.9
	259.1
	5.5
	0.01
	0.01
	0.01
	0.88

	
	N, g/d
	17.7
	57.6
	53.6
	57.5
	54.8
	1.45
	0.01
	0.02
	0.68
	0.62

	Digestibility, %
	
	
	
	
	
	
	
	
	
	

	
	Ruminal
	
	
	
	
	
	
	
	
	
	

	
	Apparent, OM 
	38.29
	41.84
	42.39
	44.70
	41.29
	2.33
	0.10
	0.36
	0.87
	0.25

	
	True, OM 
	56.60
	52.95
	51.86
	50.33
	54.24
	2.03
	0.05
	0.45
	0.95
	0.18

	
	Apparent, NDF
	43.21
	48.65
	46.77
	43.32
	46.07
	1.88
	0.13
	0.79
	0.13
	0.19

	
	Apparent, EE
	-40.30
	-3.31
	-8.03
	44.97
	27.72
	11.46
	0.01
	0.32
	0.01
	0.56

	
	Apparent, N
	-65.69
	21.46
	22.80
	28.01
	26.35
	11.44
	0.01
	0.99
	0.63
	0.88

	
	Postruminal
	
	
	
	
	
	
	
	
	
	

	
	OM
	9.71
	7.56
	7.85
	3.46
	12.06
	3.20
	0.53
	0.14
	0.99
	0.16

	
	NDF
	5.29
	7.16
	6.60
	7.48
	5.19
	1.95
	0.50
	0.42
	0.78
	0.62

	
	EE
	81.91
	41.96
	52.34
	25.42
	48.55
	11.42
	0.01
	0.30
	0.35
	0.93

	
	N
	131.47
	56.28
	57.28
	48.06
	51.81
	13.62
	0.01
	0.85
	0.58
	0.91

	
	Total tract
	
	
	
	
	
	
	
	
	
	

	
	OM
	48.09
	49.34
	50.18
	48.17
	52.32
	3.08
	0.53
	0.37
	0.87
	0.55

	
	NDF
	48.50
	55.81
	53.37
	50.80
	51.26
	1.11
	0.01
	0.32
	0.01
	0.16

	
	EE
	41.61
	38.65
	44.31
	70.39
	76.27
	1.14
	0.01
	0.01
	0.01
	0.43

	
	N
	 65.78
	77.74
	80.08
	76.07
	78.16
	2.89
	0.01
	0.40
	0.49
	0.96

	aNC = negative control, U = molasses-urea, UM = U plus 1.65% MHA, UF = U plus 12% fat, and UMF = U plus 1.65% MHA and 12% fat.

bObserved significance level for contrasts:  1) = supplement vs no supplement; 2) = supplements containing MHA vs supplements containing no MHA; 3) = supplements containing fat vs supplements containing no fat; and 4) = interaction of MHA and fat.

cStandard error of least squares means; n = 5 for NC, UM, UF, and UMF; n = 4 for U.

 MHA and 12% fat.

bObserved significance level for contrasts:  1) = supplement vs no supplement; 2) = supplements containing MHA vs supplements containing no MHA; 3) = supplements containing fat vs supplements containing no fat; and 4) = interaction of MHA and fat.

cStandard error of least squares means; n = 5 for NC, UM, UF, and UMF; n = 4 for U.


	Table 3:  Effect of liquid supplements containing MHA and(or) fat N fractions flowing to the duodenum in steers consuming low-quality forage.

	
	Treatmentsa
	
	Contrast OSLa

	Item
	NC
	U
	UM
	UF
	UMF
	SEb
	1
	2
	3
	4

	Duodenal flow, g/d
	
	
	
	
	
	
	
	
	
	

	
	Total N
	27.99
	45.15
	41.50
	40.89
	40.02
	2.78
	0.01
	0.37
	0.27
	0.58

	
	Microbial N
	21.01
	39.56
	38.27
	28.60
	30.57
	2.73
	0.01
	0.94
	0.01
	0.61

	
	Ammonia N
	0.95
	2.19
	2.07
	1.81
	2.29
	0.16
	0.01
	0.24
	0.58
	0.06

	
	NANMNd
	6.03
	3.40
	1.16
	10.48
	7.37
	2.13
	0.84
	0.19
	0.01
	0.82

	  MOEFFe
	12.60
	15.77
	18.67
	12.51
	13.75
	1.58
	0.11
	0.17
	0.01
	0.57

	aNC = negative control, U = molasses-urea, UM = U plus 1.65% MHA, UF = U plus 12% fat, and UMF = U plus 1.65% MHA and 12% fat.

bObserved significance level for contrasts:  1) = supplement vs no supplement; 2) = supplements containing MHA vs supplements containing no MHA; 3) = supplements containing fat vs supplements containing no fat; and 4) = interaction of MHA and fat.

cStandard error of least squares means; n = 5 for NC, UM, UF, and UMF; n = 4 for U.

dNon-ammonia, non-microbial N.

eMicrobial efficiency, g bacterial N/g of OM truly fermented.


	Table 4:  Effect of liquid supplements containing MHA and(or) fat on ruminal pH, ammonia concentration and VFA concentration  in steers consuming low-quality forage 

	
	Treatmentsa
	
	Contrast OSLa

	Item
	NC
	U
	UM
	UF
	UMF
	SE
	1
	2
	3
	4

	Ruminal pH
	6.73
	6.37
	6.49
	6.30
	6.46
	0.06
	0.01
	0.01
	0.28
	0.70

	Ruminal ammonia, mg/dLd
	1.42
	13.96
	15.66
	14.47
	13.50
	2.00
	0.01
	0.84
	0.47
	0.65

	Total VFA, mM
	67.84
	121.56
	102.95
	110.98
	97.79
	11.24
	0.01
	0.14
	0.44
	0.79

	Acetate, molar %d
	73.66
	73.80
	73.41
	71.86
	72.73
	0.99
	0.47
	0.78
	0.17
	0.48

	Propionate, molar %
	17.42
	17.77
	19.68
	17.74
	18.89
	0.58
	0.07
	0.44
	0.01
	0.47

	Butyrate, molar %d
	6.05
	7.02
	7.30
	6.58
	6.78
	0.45
	0.07
	0.55
	0.27
	0.93

	Isobutyrate, molar %
	1.60
	0.58
	0.71
	0.40
	0.70
	0.25
	0.01
	0.25
	0.67
	0.70

	Valerate, molar %
	0.73
	0.54
	0.68
	0.62
	0.67
	0.09
	0.28
	0.32
	0.74
	0.54

	Isovalerate, molar %
	1.30
	0.49
	0.60
	0.67
	0.77
	0.16
	0.01
	0.47
	0.22
	0.96

	Acetate:propionate
	4.22
	4.17
	4.16
	3.72
	3.84
	0.16
	0.13
	0.74
	0.02
	0.64

	aNC = negative control, U = molasses-urea, UM = U plus 1.65% MHA, UF = U plus 12% fat, and UMF = U plus 1.65% MHA and 12% fat.

bObserved significance level for contrasts:  1) = supplement vs no supplement; 2) = supplements containing MHA vs supplements containing no MHA; 3) = supplements containing fat vs supplements containing no fat; and 4) = interaction of MHA and fat.

cStandard error of least squares means.  n = 5 for NC, UM, UF, and UMF; n = 4 for U.

dTreatment x time interaction (P < 0.05)


