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A.
Administration

1. Election of new officers and 2011 meeting schedule.


Promotion of Current Secretary to Chair 2010-2011: Alex Hristov 

New Secretary 2010-2011: Jun-Su Eun

Next years meeting for NC-1040: Chicago, near O’Hare, October 24 and 25, 2011. 

2. Steve Smith (National Program Leader, Animal Production Systems USDA-NIFA) shared thoughts about the new NIFA:
· Dr. Catherine Woteki – Sworn in, October 4, 2010 as Under Secretary of Agriculture for Research, Education & Economics. Formerly Global Director of Scientific Affairs for Mars, Incorporated.

· Refocusing NIFA priorities: Climate change, Bioenergy, Food safety, Nutrition and childhood obesity, Global food security

· New Organizational Structure: Two Deputy Directors – Career-level immediate executive staff.

· Four Institutes – Multi-disciplinary, outcome-based teams. Each Institute will be co-lead by a Principal Scientist and an Assistant Director

· Institutes will: Be led by scientists + effective administrators with experience in USDA policies; Look to examples of best practices for operations of the institutes, and Seek advice and input from external groups of stakeholders and expert scientists.

· NIFA structure – institute of food production and sustainability (probably most related to NC1040). 

· Main Goal: Enhancing global food security through productive and sustainable agricultural systems.

· AFRI request for proposals: RFAs for FY2011 are currently being developed and will be released by the end of the year.

· Discussed NIFA budget –budget probably Jan-Feb’11.

· Discussion on attracting students into agriculture (graduate and undergraduate).

3. Discussed participation by group members in Experimental Biology meetings and American Society for Nutrition activities within those meetings.  Considered ideas for increasing interest among animal scientists.

B.
Station Reports

1. Arnold Hippen (South Dakota University, Obj. 1)

Steam-Flaked Soybeans in Dairy Cattle Diets

Results. In-situ Ruminal Degradability Study.Thus far we have evaluated dry matter (DM) and protein disappearance of EnRG Flakes versus the four other feedstuffs (megalac, solvent extracted soybean meal (solvent SBM), soy plus, and raw soybeans).  Data showed that EnRG Flakes are initially slightly less degradable than raw soybeans and solvent extracted soybean meal, but more degradable than expeller treated soybean meal.  However, around 24 hours of fermentation EnRG Flakes disappeared to the same extent as the whole soybeans and solvent SBM.  

Feeding Trial.
Dry matter intakes were statistically the same across all treatments with a low of 65.0lbs (29.5kg) on the 15% EnRG Flakes diet and a maximum of 66.1lbs (30.0kg) on both the 5% and 10% EnRG Flakes diets (Table 2). Milk production and most components were consistent throughout treatments with no statistical differences.  As EnRG Flakes are increased in the diet, MUN decreased in a linear fashion suggesting lesser ruminally degraded protein in the EnRG Flake product compared with soybean meal.  

Research planned for next year: Metabolic and production effects of ruminally protected and salts of butyrate as feed supplement for dairy cattle.
2. Jeff Firkins (The Ohio State University, Obj. 1)

Bead Uptake by Protozoa is Influenced by Feeding and Other Factors

Rumen fluid was pre-administered (30 min) sodium nitroprusside (SNP) to activate guanylyl cyclase, and also wortmannin to inhibit phosphatidyl inositol 3-kinase (PI3K). Compared with no pre-administration of chemicals, SNP and wortmannin  at higher concentrations prevented random swimming to saline control (presumably less forward swimming), but addition of glucose actually increased chemotaxis of these two treatments. 

Evaluation of 2-Hydroxy-4-(Methylthio) Butanoic Acid Isopropyl Ester (HMBi) and Methionine (Met) Supplementation on Digestibility and Efficiency of Bacterial Growth in Continuous Culture (Note with B. Bequette)

Four 50% concentrate:50% crushed alfalfa pellet diets were fed to 4 dual flow fermenters every 8 h (100 g/d). Diets were moderately limited in RDP (7.8% of DM) and CP (14.2%). The 4 treatments were 1) control (no infusion), 2) dl-Met (0.097% of DM) or isomolar 3) HMBi or 4) a 50:50 mix of HMBi and dl-Met, which were pulse-dosed 3 times daily with the feedings. Hemicellulose (NDF-ADF) digestibility and total VFA production were linearly decreased (P<0.05) as HMBi replaced Met. Preformed Met was transferred extensively into bacterial Met (25% for Met and 48% for the dl-Met/HMBi mix). The HMBi washout from the fermenters [kp/(kd+kp)] averaged 62%. HMBi that did not pass out of the fermenters was readily converted to Met, which accumulated in the free Met pool, with only 5% transfer into bacterial Met. 

Future experiments:

1. Study protozoal chemotaxis to integrate it with growth response in a working model. 

2. Determine efficiency of bacterial amino acid incorporation/biosynthesis in mixed continuous cultures (working with B. Bequette).

3. Development of a model to integrate protozoal predation of bacteria, protozoal growth rate, and protozoal lysis rates (collaborating with B. Bequette and plan to consult with E. Kebreab).

4. Evaluate combinations of microbial additives (monensin and a combination of essential oils) to manipulate microbial populations and reduce methane emission in continuous culture (with G. Bateman).

3. Lou Armentano (University of Wisconsin, Obj. 1)

Oil feeding: supply of oleic vs. linoleic acid

Fifty six cows, 28 primiparous and 28 multiparous, were assigned to gates in an Insentec system.  We assigned cows to 28 gates with 2 cows per gate, these 2 cows came from the same parity group. The two cows in a gate were selected one from a high group and the other from a low group within parity, but ultimately production was similar for high and low cows.  Gate was the experimental unit for the main plot.  Within parity block, gates were randomly assigned to Monensin or No Monensin, so gate was the experimental unit for Monensin, parity and monensin x parity.  Subsequently the 7 gates in a single Monensin-Parity group was assigned to the same 7 treatments but in a 7x7 Latin Square design sequence.  The sequence was different for each cow in a single Monensin x Parity group.  Different dietary oils were mixed to provide 3 equally space dietary concentrations of oleic acid (LO, MO, and HO) at 1.5% linoleic (LL), 3 equally spaced diet concentrations of linoleic (LL, ML, and HL) at 1% oleic (LO).  Increments of oleic and linoleic were equal to allow iso-fat comparisons between the MOLL and LOML, and between HOLL and LOHL.

Results. Oleic does depress short chain fatty acids, but it is not as fat depressing as linoleic. Although the NoFAT diet was quite low in fatty acids, adding about 1.5% oil to this diet reduced short chain fatty acids. Are ‘normal’ diets fat test depressed due to basal fatty acids in corn and forages?

4. Jong-Su Eun (Utah State University, Obj. 1)

Effects of corn silage hybrids and dietary nonforage fiber sources on feed intake, digestibility, ruminal fermentation, and productive performance of lactating Holstein dairy cows

This experiment was conducted to determine the effects of corn silage hybrids and nonforage fiber sources (NFFS) in high forage diets formulated with high dietary proportion of alfalfa hay (AH) and corn silage (CS) on ruminal fermentation and productive performance by early lactating dairy cows. Overall measurements in our study reveal that high forage NDF concentration (20% DM on average) may eliminate potentially positive effects of BMRCS. 
Effects of supplementing condensed tannins on intake, digestion, ruminal fermentation, and milk production of lactating dairy cows
The most remarkable findings in this study were that cows fed CT-supplemented diets decreased ammonia-N and MUN concentrations, indicating that less ruminal N was lost as ammonia due to decreased N fermentation by rumen microorganisms in response to CT supplementation. 

Tannin-free and tanniniferous legumes in lactating dairy diets affect in vitro ruminal fermentation characteristics and methane production by mixed ruminal microbiota in continuous cultures

When compared to the AHT, CH4 production, as measured in headspace gas, decreased with the other treatments, whereas CH4 production expressed as mM per g of NDF digested was only reduced by the CMVHT and the OBFTHT.

Future research:

1. Effects of BMR corn silage on nutrient utilization and partitioning and lactational performance of dairy cows

2. Assessment of BMR corn silage on lactational performance of dairy cows for their entire lactations
5. Richard Erdman and Brian Bequette (University of Maryland, Obj. 2)

Urea Recycling and Transport (Agarwal and Bequette)
Two experiments were conducted involving growing wether sheep (25-35 kg) fitted with a small rumen cannula and measurement of whole body urea and nitrogen metabolism, gluconeogenesis, and gene expression in the rumen epithelia of the urea transporter UT-B. These studies were just completed, and analysis is currently underway.

Short and Medium Chain Fatty Acids and Milk Fat Synthesis (Vyas, Moallem and Erdman) 

Our objective was to test the potential limitation of short and medium chain fatty acids (SMCFA) on milk fat synthesis via dietary supplementation. Sixteen lactating Holstein cows (86 ± 41 DIM) randomly assigned in groups of 4 per pen and fed corn silage based TMR and supplemented with one of 4 dietary fat supplements (600g/d) in a 4x4 Latin square design with 21 d experimental periods.   Added SMCFA altered FA profile of milk with significant increases in C14:0, C16:0 and a trend towards higher C12:0 while C18:0 and C18:1 were significantly reduced in S supplemented groups. SMCFA supplementation increased milk fat concentration in a linear fashion but reduced feed intake and milk production at the highest level of supplementation which may have masked the effects of SMCFA on total milk fat synthesis.

Planned work.  In an experiment with lactating dairy cows, postruminal infusion of trans-10, cis-12 CLA is being used to down regulate milk fat synthesis with or without butterfat (a source of both LCFA and SMCFA) or a FA containing the LCFA present in butterfat. 

6. Shawn Donkin (Purdue University, Obj. 1 and 2) 
Replacing corn with glycerol in diets for transition dairy cows.

Multiparous Holstein cows were fed diets containing either high moisture corn (n=11) or glycerol (n=12) from -28 to +56 days relative to calving. Overall feed intake and milk yield (35.8 vs. 37 kg/d, control vs. glycerol) did not differ and there were no effects of glycerol on milk composition, milk urea nitrogen, somatic cells, and energy balance were not different with glycerol feeding (P > 0.05). During the prepartum period cows fed the control diet sorted against long particles and in favor of short particles, cows fed glycerol sorted against short particles.  During the postpartum period glycerol increased sorting for medium sized particles and sorting against short particles.

Regulation of bovine pyruvate carboxylase promoters by fatty acids.

Rat hepatoma cells were transiently transfected with bovine promoter-luciferase constructs containing bovine PC P1 and treated with serum from feed restricted cows, or serum containing modified concentrations of fatty acids, for 23 h. Exposure of cells to serum from feed restricted cows increased (P < 0.05) PC P1 activity compared with cells exposed to control cow serum. A real-time RT-PCR multiplex assay was developed that to determine relative abundance of the PC coding region.  PC mRNA was increased (P < 0.05) 4X with feed restriction and 5X at calving.  Transcription rate and bovine PC mRNA variants were highly correlated (R2 > 0.93).

Planned work.

1. We will explore the value of crop residues and corn ethanol and biodiesel byproducts (i.e. glycerol) as suitable replacements for corn grain and corn silage.

2. We will continue to characterize regulatory elements within the PEPCK and PC promoters that respond to hormonal and nutritional cues.


7. Barry Bradford (Kansas State University, Obj. 1 and 2) 

Effects of Varying Rates of Tallgrass Prairie Hay and Wet Corn Gluten Feed on Productivity of Dairy Cows
Treatments were a ration containing 18% of DM alfalfa hay and 18% of DM corn silage (CON), a ration containing 20% of DM TPH (TPH20), and a ration containing 14% of DM TPH (TPH14). Midway through period 2, feeding of TPH14 was discontinued due to visual observations of diarrhea in > 25% of cows consuming that diet. Milk fat yield and concentration (Table 4) were greatest for CON and least for TPH14 (P < 0.05); however, TPH20 was not different from CON. Though there were differences in particle size between TPH20 and CON there were few effects on milk components, which suggests that particle size was sufficient to promote a healthy rumen environment.

Effects of continuous infusion of tumor necrosis factor-alpha (TNFα) into adipose tissue on glucose and fatty acid metabolism in lactating dairy cattle

Late-lactation Holstein cows (n=9/treatment) were used to evaluate effects of TNFα administration on glucose and fatty acid metabolism. Treatments (4 mL saline or 14 µg/kg TNFα in 4 mL saline) were infused continuously over 7 d via 2 osmotic pumps in the adipose layer in the tailhead region. Treatments did not alter plasma NEFA concentration, liver triglyceride content, or plasma glucose turnover rate.

Planned research

1. Evaluate potential modes of action for prevention of ketosis by Rumensin during the transition to lactation.

2. Assess effects of water-delivered salicylate treatment on inflammatory indicators and metabolic health in early lactation cows.

8. Mark Hanigan (Virginia Polytechnic Institute & State University, Obj. 2 & 3) 

Control of mammary protein synthesis

In mammalian cells, amino acids are able to stimulate protein synthesis by phosphorylating mammalian target of rapamycin (mTOR) and ribosomal protein S6 (rpS6), and dephosphorylating eukaryotic elongation factor 2 (eEF2).
Slices were prepared from the rear quarter of four lactating cows immediately after slaughter and incubated in serum free DMEM/F12 media containing all EAA (+EAA); media deprived of Arg, His, Ile, Leu, Lys, Met, Phe, Thr, Trp, or Val; or media deprived of all EAA (-EAA). Essential amino acids, in particular Leu and Met had substantial regulatory effects on protein synthesis efficiency in bovine mammary tissues, and a significant proportion of the signaling appeared to be mediated by mTOR.

The effects of infused insulin and varying dietary protein on total and phosphorylated forms of Akt, mTOR, rpS6, 4EBP1, and eEF2 in mammary tissues of lactating dairy cows were examined. Increasing dietary protein level significantly increased PhS of Akt.  Neither dietary protein nor insulin had significant effects on PhS or total mTOR expression. However, increased dietary protein and insulin infusion significantly increased both the PhS and total 4EBP1 expression. Total rpS6 expression but not PS was increased when insulin was infused. Increased dietary protein was associated with significantly greater total eEF2 expression.

MAC-T cells were treated with a starvation media, complete DMEM/F12 media, and the starvation media supplemented with individual EAA at 100% of normal DMEM/F12 concentrations. These results demonstrated that short-term EAA starvation of mammary epithelial cells alters the phosphorylation state of eIF2(, and the effects can be reversed by the addition of at least Phe, His, or Val.

Planned research
1. Evaluate non-mTOR dependent cell signaling responses to AA, energy, and hormones in vitro.

2. Complete the cell signaling model and incorporate it into an existing mammary tissue model with the objective of testing whether it improves predictions of milk protein synthesis.

3. Improve predictions of digestion, VFA production, and methane production in Molly.

9. James Fadel (University of California, Davis, Obj. 3) 
Minimizing Sample Bias Using Systematic, Random, Uniform Sampling Technique.

The objective of this study is to implement a systematic, random and uniform sampling technique called Smooth Fractionator, compare this method against the current random procedure and estimate a minimum number samples necessary to characterize a sample, specifically in the Longissimus dorsi muscle of beef cattle. Our preliminary results show a great improve in estimation when using the Smooth Fractionator method, also we observed that a sample number of 9 to 13 would be necessary to describe the adipocyte cellularity in the muscle.

Examining the Density of Cell Numbers and diameters using Gaussian Mixture Models.

The objective of this study is to illustrate the use of a Gaussian Mixture Model to estimate mean, variance and the proportion of each population to better describe the data for further biological interpretation. Preliminary outcome shows great variation within each population from one sample, information that supports our previous study. A unique ability of Gaussian Mixture Model is the incorporation of between sample variation in addition to within sample variation, which would be used to detect differences; for example between treatments.

Planned research. We expect to work on extending the research on sampling bias and techniques of statistically analyzing size and number adipocytes using Gaussian Mixture Models.  The importance of identifiability will be addressed next year and how we can better evaluate identifiability in model development.

10. John McNamara (Washington State University, Obj. 1, 2, & 3)

Regulation of adipose tissue metabolism by coordinated changes in gene transcription during the transition period.

Our objective was to identify specific changes in gene transcription that relate to adaptations in lipogenesis and lipolysis in the adipose tissue of transition dairy cattle.  A total of 48 cows were grouped by their sire PTAM: High Genetic  (PTAM = 870 kg), or Low Genetic (PTAM = 378); and half of each group was fed either to requirements (NE) or to 90% of energy requirements (LE), other components fed to requirements. Rates of lipogenesis were lower during lactation and lower in LE cows while lipolysis rates were higher for both conditions (P < 0.05). Genes that code for enzymes in the anabolic pathways (lipid uptake and synthesis) were consistently decreased to only 20 to 50 % of prepartum, including thyroid hormone receptor spot 14, lipoprotein lipase, ATP-citrate lyase, acetyl-CoA carboxlyase and other genes in that pathway.  Genes that code for enzymes involved in lipolysis (hormone sensitive lipase, beta-2 adrenergic receptors, perilipin were either unchanged or only moderately increased).  Lactation is supported by coordinated change in gene expression and metabolic rates in adipose over varied dietary and genetic situations. 

Development and initial evaluation of a mechanistic metabolic model of regulation of reproductive processes in dairy cattle.
The objective was to construct and begin evaluation of a deterministic, mechanistic, dynamic model of nutritional and genetic control of reproductive processes in the dairy cow. We began with an existing model of metabolism in the cow, published and validated (Molly, Baldwin et al., 1987). Next, a model of reproductive processes was developed that included flux of follicle stimulating hormone, luteinizing hormone, estrogen and progesterone in cycling and pregnant animals; insemination, fertilization and development of the calf to term. The behavior of the model was in the proper direction and magnitude for hormone concentrations, timing of ovulation, maintenance of pregnancy, growth of the calf, using a standard that simulated rates and concentrations were within 1 standard deviation of the observed means. The model can be useful to frame specific hypotheses on control of reproductive processes by genetic and nutritional mechanisms: and to form a framework of more specific models at cellular and molecular levels of the processes of reproduction in the dairy cow.

11. Ermias Kebreab (University of California, Davis, Obj. 3)

Using Markov Chain Monte Carlo Techniques using WinBUGS with Ordinary Differential Equations.

An experiment was conducted where rate (ks) and volume (V) parameters were estimated for Se in fish, but our approach can be applied to experiments in dairy cattle.  In this example, the data are sparse and ordinary differential equations are needed to describe the system.  Analyzing this data can be done in a two stage approach where one is estimating the parameters for each fish and then using analysis of variance to estimate differences between parameters.  One can also use statistical techniques to use all the fish and then estimate differences between parameters.  The latter choice is desired when the data are sparse. Markov Chain Monte Carlo techniques were used in WinBUGS and we used informative priors for blood volume.  The advantages of using WinBUGS are that: (1) All the data can be used; (2) Informative and non-informative priors can be used which helps in identifiability; and (3) Ordinary differential equations can be used.
A Bayesian Approach to Analyzing Energy Balance Data from Lactating Dairy Cows.

This study investigated the effects of genetic improvements and feed quality on key parameters in current ME systems. Data was collated from 38 studies, yielding a total of 701 individual cow observations on milk energy, ME intake, tissue gain and loss. A function based on a linear relationship between milk energy and ME intake and correcting for tissue energy loss or gain served as the basis of a full Bayesian hierarchical model. The new estimates of NEM, MEM, kl, kg and kt were 0.34 (0.28; 0.39) MJ/(kg​0.75d), 0.58 (0.52; 0.65) MJ/(kg​0.75d), 0.58 (0.54; 0.62), 0.89 (0.85; 0.95), and 0.69 (0.60; 0.79), respectively, which were obtained by merging information from the data and a fasting metabolism study on modern dairy cows.


Planned research. We will continue to work on energy partitioning in dairy cattle and estimating parameters for utilization of energy for milk production. We will be working on a planning grant from USDA/NIFA/AFRI to investigate how climate change affects dairies in the West and vice-versa.

C. Station Report Summaries for members not presenting at the meeting

1.  Gale Batemam (Provimi, Obj. 1 & 3)

Simulated straw bedding intake and effect of high and low cereal grain starters on rumen development of neonatal Holstein calves.

Our hypothesis was that simulated straw bedding intake would be minor and that calves fed a texturized high cereal grain starter (TEX) would have greater rumen papillae development than calves fed a fine particle, pelleted, low cereal grain starter (PEL). Male Holstein calves (initially 45 ± 1.1 kg BW, 2 d of age; 4 calves/treatment) were fed TEX or PEL and long-stem wheat straw over a 56-d trial. Feeding a texturized high cereal grain diet developed rumen papillae better and contributed to less stomach, intestine, and digesta as a percent of BW than feeding a fine particle, pelleted low cereal grain diet.

Effect of housing and management on dairy calves less than two month of age.

Housing (hutches, naturally ventilated nursery), bedding (straw, sand), and summer cooling with fans were management conditions evaluated in 3 trials. In Trial 1, 28 calves per treatment were bedded with straw and housed either in poly hutches or wire mesh nursery pens. In Trial 2, 16 calves per treatment were managed in wire mesh nursery pens bedded with straw, in nursery pens bedded with sand, or in poly hutches bedded with sand. In Trial 3, 26 calves per treatment were housed in wire mesh nursery pens and bedded with straw with or without supplemental cooling with fans between 8AM and 5 PM. Straw bedding was preferred to sand, nursery pens were preferred to hutches, and summer daytime cooling with fans was preferred to no cooling.

Meta Analysis for Designing an Empirical Model to Predict Growth of Neonatal Holstein Calves through Eight Weeks of Age.

A data set was constructed from individual animal means gathered in the Nurture Research Center (a curtain-sided, naturally ventilated nursery) and used in a meta-analysis to parameterize an empirical model predicting growth measures. This dataset contained 993 observations from 20 research trials in all seasons. Growth of neonatal dairy calves appears more controlled by nutrient intake and their interactions than surrogates for health status of the calves (AFS and SERP) or environmental temperature.

An Empirical Model to Predict Enteric Methane Production by Cattle.

A data set was constructed from published trials where enteric methane was measured in cattle and trials conducted at the Provimi Research and Innovation Center. The data set contained 160 treatment means from 38 trials. The final model selected for predicting enteric methane production includes 11 parameters, has an R2 of 0.81 and a variance inflation factor of 16.  Altering dietary nutrient contents can be used to mitigate enteric methane production by cattle.
2. Donald Beitz (Iowa State University, Obj. 2)
Feeding the probiotic L. acidophilus NP51® to BALB/C mice infected with Mycobacterium avium subsp. paratuberculosis (MAP).

Our objective was to examine how feeding L. acidophilus NP51® to BALB/c mice infected with MAP would modify their immune responses to prevent the progression of Johne’s disease.  Our ultimate goal is to find a probiotic preventative regimen that prevents the spread of Johne’s disease in dairy cattle. BALB/c mice fed either the heat-killed or the viable-NP51 and challenged with viable MAP (HNP+VM and VNP+VM, respectively) had lower (Both P = 0.0001) spleen cellularity compared to the viable MAP-infected controls on day 180 of the study. Feeding the heat-killed (HNP) to mice challenged with viable MAP (VM) tended (P = 0.07) to increased the production of IFN-γ higher than that of the control mice infected with viable-MAP. Feeding the viable NP51 (VNP) to mice challenged with the viable MAP (VM) significantly increased (P = 0.0004) the production of IFN-γ in the in vitro splenocyte culture. Feeding either the heat-killed or viable-NP51® to mice challenged with viable-MAP significantly decreased (Both P = 0.01; Figure 1) the MAP burden in their livers compared to that of the VM-infected control on day 180 of the study. In summary, feeding either the HNP or VNP to mice infected with MAP, the etiologic agent of Johne’s disease, has increased the production of IFN-γ in vitro, decreased the cellularity in their spleens in vivo, and decreased the MAP burden in their liver in vivo. These results suggest that feeding either the HNP or VNP has potential to decrease the progression of MAP infection in Balb/c mice.
Planned research. We will examine the performance of periparturient dairy cows fed the NP51 during mid and late lactation periods. Milk quality, udder health and immune competence will be closely evaluated during the NP51-feeding time.

3. Brian Crooker and Marshall Stern (University of Minnesota, Obj. 1 & 2) 
Effects of low dose of Saccharomyces cerevisiae on metabolism by ruminal microbes in dual flow continuous culture fermenters.

Eight fermenters were inoculated with ruminal fluid from a dairy cow in early lactation on day 1 of a 10-d experimental period. Fermenters were provided with 75 g of DM/d of a pelleted diet formulated for a high lactating dairy cow (40 kg milk/d, 3.8 % fat, 3.7% protein). Two levels of SC (Levucell, SC20, Lallemand) at 0 or 2 mg/fermenter/day (SC0 and SC2, respectively) were infused twice a day at 0900 and 2100 h to the fermenters in a completely randomized arrangement of treatments. The latter concentration would be equivalent to supplementing 0.5 g/d of SC to a dairy cow. The addition of SC resulted in a lower (P < 0.05) NH3-N concentration and NH3-N flow (6.28 vs 3.85 mg/100 mL and 0.19 vs 0.12 g/d for SC0 and SC2, respectively), without affecting (P > 0.05) CP degradation and EMPS (35.7 vs 29% and 29.1 vs 25.8 g of N/kg OM truly digested for SC0 and SC2, respectively). A low dose of SC may benefit NH3-N metabolism, without having any negative effects on in vitro rumen fermentation.

Hydrogen sulfide release by ruminal microbes maintained in batch culture.

An in vitro rumen fluid incubation was conducted using two sources of sulfur and two sources of Zn, Cu and Mn in a 2 x 2 factorial arrangement of treatments during 2 consecutive 24-h periods. A synthetic diet consisting of 36% cellulose, 32% starch, 19% CP, 5% fat and 2.4% sugar provided substrate for microbial metabolism. Sulfur was added as NaSO4 or sulfur-bound lignosulfonate to a final concentration of 0.75% of DM. Copper, Zn and Mn were added as CuSO4, ZnSO4 and MnSO4 or as protected Cu, Zn and Mn (SQM protected minerals, Quali Tech Inc.) to a final concentration of 16, 56 and 71 ppm of DM, respectively. Lignosulfonate resulted in a lower (P < 0.001) production of H2S (416.2 vs 475 µg/g OM). In contrast, addition of SQM minerals increased (P < 0.001) production of H2S (469.5 vs 421.5 µg/g OM).

Hepatic gene expression profiles in Holstein cows that differ in parity and genetic merit for milk yield: Using the BOMC 24K bovine oligonucleotide microarray

Effects of parity and selection for milk yield on hepatic gene expression were assessed by comparing liver profiles from the University of Minnesota static (since 1964) control (CL) and contemporary select (SL) lines of Holsteins during the pariparturient period. The difference in milk yield per lactation between these CL and SL cows exceeded 4,500 kg. Changes in gene expression due to parity, genetic merit and days postpartum were assessed and preliminary results indicate 73 genes were differentially expressed across time, 142 genes across line, and 155 genes across line*time.
Planned research.

1. Determine the interaction between dietary sulfur (S) concentration and dietary roughage on microbial fermentation. 

2. Assess effects of genetic merit for milk yield, parity and day of lactation on hepatic gene expression in Holstein cows during the transition period.

3. Assess effects of selection for milk yield on coordinated tissue responses during the periparturient period.
4. Keith Cummins (Auburn University, Obj. 2) 

Changes in skeletal muscle during the transition to lactation

Two dimensional gels were completed from muscle tissue of cows at -10 and +4 days from calving. Procedures were used to extract proteins of varying solubility. Those proteins of lower solubility are assumed to be structural proteins. Changes seen are quite dramatic and are apparent upon inspection of 2-D gels.    Changes seen are in soluble proteins and are not seen in the lower solubility proteins.

Planned research. Proteins identified as having significantly changed in muscle tissue with onset of lactation will be identified via mass spectrometry at the protein lab at UAB. The results will be written as a paper in Journal of Dairy Science.

5. Alex Hristov, Kevin Harvatine, and Gabby Varga (Pennsylvania State University, Obj. 1 & 2)

Effects of lauric and myristic acids on ruminal fermentation, production, and milk fatty acid composition in lactating dairy cows.

Six ruminally-cannulated cows (95 ± 26.4 DIM), were subjected to the following treatments: 240 g/cow/d of each, stearic (SA, control), lauric (LA), and myristic (MA) acids. LA reduced (P < 0.001) protozoal counts in the rumen by 96% (no effect of MA), acetate, total VFA, and ammonia concentrations, and microbial N outflow from the rumen (by 32%; P = 0.002), compared with SA. DMI was severely depressed (P < 0.001) by LA (18.6) compared with SA (26.7) and MA (24.7 kg/d), which decreased (P = 0.017) milk yield (35.8 and 43.6 kg/d, LA and SA, respectively). Feed efficiency, however, was the highest (P = 0.008) for LA (1.91), followed by MA (1.81), and SA (1.63 kg/kg). Milk fat content was also severely depressed (P = 0.021) by LA (2.59) compared with SA (3.42%). Both LA and MA modified significantly milk FA profile. In conclusion, LA had profound effects on ruminal fermentation, mediated through inhibited microbial populations, and decreased DMI, milk yield, and milk fat content. 

Effects of herbs and essential oils on in vitro batch culture ruminal fermentation.

Medicinal herbs and essential oils were evaluated in a batch culture in vitro screening experiment as potential anti-methanogenic additives for ruminant diets. A total of 88 essential oils and 14 herbs were tested. Two of the essential oils increased acetate production, 12 increased propionate production, 10 increased butyrate production, 3 reduced methane production (by 20 to 30%), and 2 decreased ammonia production. With the herbs, 1 increased acetate production, 2 increased propionate production, 1 decreased methane production (by 30%), and 1 decreased ammonia production. Eight of the herbs increased NDF degradability at various inclusion levels. Overall, these results indicated that some essential oils and medicinal herbs may have a significant effect on ruminal fermentation in vivo.

Rumen Fermentation and Production Effects of Origanum vulgare L. in Lactating Dairy Cows.
A lactating cow trial was conducted to study the effects of dietary addition of oregano leaf material (Origanum vulgare L.; 0, control vs. 500 g/d, OV) on ruminal fermentation and methane production, total tract digestibility, manure gas emissions, N metabolism, organoleptic characteristics of milk, and dairy cow performance. Under the current experimental conditions, supplementation of dairy cow diets with 500 g/d of Origanum vulgare L. had no effect on nutrient intake and digestibility, but drastically reduced methane production in the rumen. Cows fed Origanum vulgare L. produced more FCM and had increased feed efficiency.

Time course of recovery from diet-induced milk fat depression.

Nine ruminally cannulated cows were arranged in a Latin Square designed for analysis of recovery from diet-induced milk fat depression.  A control diet with 32% NDF was fed during the Control and Recovery periods.  A low fiber and high oil diet containing 27% NDF and 3.0 % soybean oil was fed during the diet-induced MFD period. Milk yield was not affected by treatment and averaged 32.5 ± 2.1 kg. Milk fat percent and yield decreased progressively from day 1 when fed the MFD diet and were significant by day 3 (P <0.05) and 7, respectively (P <0.05). After switched to the recovery diet, milk fat concentration and yield progressively increased from day 1 and were the same as control on day 19 and 11, respectively.

6. Donato Romagnolo (The University of Arizona, Obj. 2) 
BRCA-1 and Protective Effects of Dietary Components

Changes in histone codes and DNA methylation are epigenetic events mediated by the dynamic interplay among various factors, including histone acetyl transferases, histone deacetylases (HDAC), and DNA methyltransferases (DNMT). Resetting of epigenetic modifications is important in the control of cellular processes including cell  growth, differentiation, and inflammation. Examples of epigenetic regulation by dietary constituents include reduction of acetylated histone (AcH)4 at the cyclooxygenase-2 (COX-2) promoter by the food metabolite 3,3′-diindolylmethane from Brassica Sp., accumulation of AcH3 by sodium butyrate, a product of microbial fermentation, inhibition of DNMT and reactivation of methylation-silenced genes by polyphenols, and inhibition of HDAC activity by various natural plant components. 

The BRCA-1 gene encodes for a tumor suppressor protein involved in repair of DNA damage. Epigenetic mechanisms contribute to its reduced expression in the absence of mutations in the BRCA-1 gene. Knowledge of the mechanisms that contribute to epigenetic silencing of BRCA-1 is important in understanding the mechanisms that regulate cell proliferation and DNA damage. The aromatic hydrocarbon receptor (AhR) influences transcriptional activity through binding to xenobiotic responsive element (XRE = 5′-GCGTG-3′) and other response elements. Most studies investigated the role of the AhR in the context of environmental exposure. However, XRE-reporter gene assays indicate many dietary components interact with the AhR.  We found that the exposure to AhR agonists induces oxidative stress and DNA strand breaks in ERα-positive mammary epithelial cells exposed to 17 beta-estradiol. Conversely, the presence of antagonists of the AhR counteracts the effects of AhR activation and reduces DNA damage.

Planned research. Studies are in progress to test the mechanisms of epigenetic regulation in response to exposure to AhR agonists and effects on mammary cell growth, differentiation, inflammation, and DNA damage.

7. J. W. Schroeder and Marc Bauer (North Dakota State University, Obj. 1)
Alternatives to Commercial Protein Supplements in Lactating Dairy Cattle.

The objective of this experiment was to evaluate the effect of substituting equal proportions of ground field peas for graded levels of corn (starch), and soybean meal, corn gluten meal, and blood meal (protein) in a typical dairy lactation ration. Diets including field peas increased body weight gain but did not significantly alter production variables. Incorporation of field peas may allow for diets that maintain or enhance milk production (yield and composition) at a lower or similar cost (respectively) by discovering advantages associated with feeding a combination of conventional and unique grains with various crop by-products.
Planned research. Supplementing the diets of early lactation Holstein dairy cows with North Dakota-grown byproducts – Study Two. The objective is to further evaluate the effect of substituting conventional feed grains and soybean meal with a combination of regionally grown byproducts to improve income over feed costs and enhance milk production or composition.

8. Mike VandeHaar (Michigan State University, Obj. 2 & 3)

Calf nutrition

Two studies were conducted in collaboration with Mark Hill (Provimi-NA) and Lorraine Sordillo (MSU) to examine effects of fatty acid supplements on immune function.  In the first study, 88 calves were fed milk replacers supplemented with 0 or 1% NeoTec4, a  commercially available blend of butyric, coconut, and flax oils.  NeoTec4 improved ADG, feed intake, feed efficiency, and reduced the number of abnormal fecal days.  NeoTec4 also lessened the inflammatory response to a challenge with salmonella toxin at 2-wk-old and or Pasturella vaccine at 5-wk-old. In the second study, 48 bull calves were fed from 1-wk-ol to 5-wk-old with milk replacers based on lard and supplemented with 2% lard, 2% fish oil, or 2% flax oil.  Flax oil, but not fish oil, improved body weight gain and hip width gain.  The number of abnormal fecal days was not altered except in the first week of feeding, when flax oil reduced it.  Flax oil, but not fish oil, reduced the inflammatory response to Pasturella vaccine at 5-wk-old.

Regulation of lipid metabolism of MAC-T cells by fatty acids

Several studies were conducted by A. Jacobs, a student of Jan Dijkstra from Wageningen University, in our lab.  Results to date are consistent with the down-regulation of fatty acid synthase by long-chain fatty acids, but have not shown dramatic effects of specific fatty acids on steroyl-CoA desaturase expression.  Analyses from these studies are on-going.

Spartan-3 program

The Spartan Dairy Ration Evaluator/Balancer 3.0 program was completed in April, released as a free demonstration version in May, and released for sale in October.  The program enables evaluation/formulation of diets with MSU modifications to the NRC 2001 system, but tracking of energy and protein with the NRC 2001 and NRC 1989 systems also is available.  To date, 600 unique email addresses have downloaded the program, although we have done almost no advertising.  Minor bugs are still present and will be eliminated in the next couple months.  

Planned research. Depending on funding, we plan to continue examining effects of fatty acid supplements on calf health, examine the impact of genetics on N efficiency in lactating cows, and examine the genetics and genomics of feed efficiency in lactating cows.  We will also continue to improve our Spartan Dairy program—once 100 copies have been sold, we will begin coding an optimizer function which enables balancing to minimize cost while meeting nutrient needs, feed constraints, and N and P excretion limits.
D.
NC 1040 5-year Accomplishments and Impact:


The need as indicated by stakeholders. Over 55% of the calcium, 17% of the protein, and 15% of the energy in the US diet are supplied by dairy products; thus, the US consumer is a major stakeholder for the NC-1040 committee. Consumers want dairy products that are safe and inexpensive, but increasingly they also want an environmentally friendly dairy industry that promotes animal well-being. Recently, attention has been given to bioactive molecules in milk (in addition to calcium) such as conjugated linoleic acids (CLA). Yet at the core the NC-1040 committee functions to do basic and applied research on the feeding and nutritional biology of dairy cattle. Major stakeholders include other scientists, practicing nutritionists, veterinarians, and farmers. The needs of these stakeholders have been addressed by the Food Animal Integrated Research group in the FAIR 2002 document. The goals of FAIR 2002 are to strengthen global competitiveness, enhance human nutrition, protect animal health, improve food safety and public health, ensure environmental quality, and promote animal well-being. Because feed inputs are a major determinant of milk yield, cow health, feed efficiency, profitability, and waste output, the work of the NC-1040 committee is critical for most of these goals. 

The concentration of dairy animals into larger units is an established and continuing trend. This concentration makes some waste management issues more prominent but also more manageable.


The importance of our work. Natural resources are used efficiently when milk production per unit feed and per cow is high. To efficiently produce milk, a cow must have a well-developed mammary gland and be able to supply the gland with the nutrients it needs. Nutrition in the first year of life affects mammary gland development, and nutrition around the time of calving and throughout lactation has a major effect on the health, productivity, and efficiency of cows. Feeding for optimal nutrient intake requires not only the provision of the necessary nutrients for milk production but also consideration to the effects of diet on mammary capacity and on appetite, health, and metabolic regulation of the cow. Because feed costs account for half of all costs on a dairy farm, nutrition also significantly impacts farm expenses. The NC-1040 committee considers all of these factors for optimal feeding. For example, if we could maintain current milk production while feeding diets with 4 percentage units less total protein, we would decrease N losses to the environment in the US by 470,000 metric tons per year and save US dairy farmers $1 billion per year in feed costs. This type of progress only can be made if we take an integrated approach, with the use of mechanistic bio-mathematical models that accurately describe metabolism and production of cows. 


Integration of results. This committee has a proven track record of making significant impacts in our knowledge of dairy cattle nutrition and metabolism and in the way that dairy cattle are fed and managed nationwide. We use the same approach that has proven effective in the past: that is to challenge and refine our models of dairy nutrition and metabolism. Computer-based, mechanistic, and quantitative metabolic models are useful in two ways: first, they help us determine critical needs in research and second, they enable practical improvements in dairy cow feeding. Critical research needs are determined by using existing data from NC-1040 members or conducting new experiments to test model predictions of physiological responses to experimental diets. Examples of such responses include rumen pH; microbial growth and function; alterations in gene expression and hormonal release of organs such as the adipose tissue; and alterations in milk fatty acid composition. By challenging our working models in this way, we identify shortcomings that then become the basis for developing new testable hypotheses for further experimentation. Results from new experiments are incorporated into the models, and they are challenged again for further refinement. Thus, we continue to build our models so they are more mechanistic, quantitative, and accurate. These qualities enable us to improve practical feeding recommendations for dairy cattle in a variety of environmental and feeding conditions.


Need for Cooperative Work. Important and complex problems require coordinated effort of many personnel. Considerable progress has been made in dairy nutrition, but practical problems remain and no single research group has the skills and resources needed to solve them alone. Only through cooperation can State Experiment Stations address the complex interactions among feed supply, nutrient use, genetic capability, and milk composition. Our committee is comprised of dairy scientists with a broad base of specialties that encompass feed analysis, feeding management, ruminal microbial metabolism, intestinal digestion, physiology and metabolism of splanchnic, adipose, muscle, and mammary tissues, endocrine regulation, molecular and cellular biology, and mathematical modeling. Furthermore, in testing and refining nutrition models for the whole country, we must consider the variation in forages and environment that exist among regions. Thus, we have scientists from every dairy region in the country. In addition, the explosion of new information in genomics, gene expression, gene array work, metabolomics and proteomics requires that we integrate this knowledge into our understanding of metabolic efficiency. Cooperation among stations is required to deal with this information and to solve problems, and will have a national impact in understanding the complex interrelationships of nutrient digestion and metabolism in lactating dairy cows and to apply this knowledge.


Impacts on Science and Other Impacts. This project exemplifies the proven effectiveness of the cooperative regional approach. As detailed in the "Related Current and Previous Work" section below, results of this cooperative effort have become benchmarks of scientific progress and have led to practical feeding recommendations used worldwide. Project Leaders for the NC-1040 regional project have received numerous awards for research, both basic and practical, from the American Dairy Science Association, the American Society of Animal Sciences, and industry groups. Most of the Project Leaders are in continuous demand as speakers for scientific and industry conferences in nutrition. The impact on basic and practical nutrition from Project Leaders has been profound in the areas of starch and protein chemistry and nutrition, feed processing, nutrient metabolism, and lactation biology. This group provided a major contribution to the 2001 version of the National Research Council’s (NRC's) Nutrient Requirements of Dairy Cattle. Four of the 10 scientists on the NRC panel were from the NC-1040 committee (IL, MD, NH, PA), and a significant portion of the data used in the latest edition came from NC-1040 committee members. In 2005, the group presented a symposium at ADSA/FASS on regulation of nutrient use in dairy cattle. Thus, this committee has had a major impact on improving the biological, economical, and environmental efficiency of the US dairy industry. 

E.
Summary of Progress:


Funds Leveraged to Support Work on Project in 2010. The research conducted year-on-year of this project could not be possible without significant funding support from various avenues. Members of the committee have a long history of acquiring competitive funds from federal and state agencies, and indeed, not a year has gone by over the last 20 years that at least one member of the project has not held a USDA-NRI grant. In 2010, members of the committee leveraged a total of $1,662,900 from various agencies and private industry to support research activities. This total breaks down into the categories of:


Federal funds: $897,313

State funds: $22,482

College funds: $109,375

International agencies: $24,920


Boards/Councils/Association funds: $248,586

Private Industry funds: $360,586

Research Activities and Progress. One overriding goal in feeding cattle is to find the optimal combination of chemical and physical properties of feeds that provides the proper amount and balance of absorbed nutrients to match the ability given by the genotype of the cow or herd. This is a major challenge because of the tremendous variety of feedstuffs available, their complexity of interactions among feed particles, nutrients and organisms in the rumen, genetic variance within and among herds, and the rapidly changing nutrient requirements of a cow around the time of parturition. The amount and profile of absorbed nutrients in dairy cattle are a function of rumen bacterial fermentation and intestinal digestion. Feed particles and microbes that escape the rumen can be digested in the small intestine to produce amino acids, monosaccharides, and lipids for absorption. 


The chemical and physical properties of feeds determine the rumen bacterial and protozoal populations and the end-products they produce, and the availability of nutrients critical to the production of milk and milk components in a variety of ways. For example, the chemical composition (including total protein, nonprotein nitrogen, amino acid balance, organic acids, lipids, fiber, and non-fiber carbohydrate) dictates directly the availability of nutrients to support rumen microbial growth and the absorbed nutrients available to the animal to support milk synthesis. The physical properties of feeds, either inherent in the plant structure or altered by various processing methods, alters degradability in the rumen, and thus determines the proportion of feed fermented and used for rumen microbial growth and the proportion that passes to the small intestine. The cow is a fully integrated metabolic system in which one, even minor, change in nutrient input may lead to a variety of downstream events that alters function at the tissue and whole animal levels. Since the last revision, we now understand more fully that this also includes changes in gene expression, and endocrine responses that were unknown or just discovered 5 years ago (IGF-1, leptin, perilipin, cytokines and ghrelin, for example; KS, MI, MN, WA). In addition, nutrients are now know to act directly on target tissues as signaling agents, which may play a critical role in determining function of nearly all cells types, including immune cells (MO), intestinal epithelium (IA), and mammary epithelium (MD, VA)

Dietary carbohydrate fractions differ in the profiles of glucogenic and lipogenic metabolites they yield upon rumen bacterial metabolism and intestinal absorption. The amount and types of carbohydrates also impact rumen pH, which, in turn, alters fermentation and can alter the yield of nutrients, even amino acids, for absorption. Thus the various carbohydrate fractions have differential effects on the yield and composition of milk. Recent improvements in methods will allow more accurate prediction of optimal amounts and ruminal availability of non-fiber carbohydrates for efficient production of milk and milk components. More importantly, because of the integrative modeling approach of this committee, we have a quantitative knowledge of the maximal percentage contribution of these fractions to overall yield and efficiency on different diets, and can move on to further work. 

The amount and balance of absorbed amino acids also helps determine milk yield, not just milk protein synthesis. This availability of amino acids, in turn, is a function of the amount of feed protein which passes undegraded through the rumen and the amount of ruminally synthesized microbial protein that reaches the small intestine. Because microbial protein has a better amino acid profile than many feed proteins, this remains an important area of study. Microbial protein yield is also a function of the amount and type of organic matter fermented. Thus, microbial protein yield varies by source of carbohydrate and protein, and rate of fermentation. This is a classic example of the need for an integrated approach to dairy cattle nutrition-we must continue to design experiments ‘across state lines’ that allow a full scope of study of the key variables. We need to continue to build a comprehensive model that explicitly includes these types of interactions. 

Synthesis of milk and milk components is a function of both the synthetic potential of the mammary gland and the supply of metabolites to the mammary gland. Supply of metabolites comes from dietary components, some of which are modified in other tissues, and from mobilization of body lipids and amino acids. There is an interaction between metabolism of body tissues, the supply of dietary nutrients and the milk production potential of the cow (as well as other animals) which has been recognized for quite some time which provide an extreme range of response of animals to even the same diet. While many dairy scientists have been slow to recognize the importance of these interactions, several stations in this project have been studying these interactions across a range of diets, genetic potentials, and stages of lactation (AL, CA, IA, IN, KS, MD, MI, MN, MO, OH, PA, VA, WA). Data has been used to refine our feeding recommendations on a wide variety of feedstuffs.

New concepts on the interactions of nutrition and gene expression is exemplified with work from several stations: At IN new information on molecular control of enzymes that modulate hepatic gluconeogenesis reveal specific differences between the cow and other animals. At WA, work with supplemental chromium demonstrated a positive feed intake and milk production response, along with a reduction in lipolysis and an increase in lipogenesis in adipose tissue, removing the negative effects of fatty acid mobilization on feed intake in early lactation. 

Major advancements have occurred in our knowledge of the interaction of metabolism and the endocrine system. Studies at AL, IN, MI, and MN, in collaboration with other NC-1040 members, have illustrated the role of nutrition in the IGF-I system of dairy cattle. At IA, the role of glucagon in lipid metabolism has shown its potential for treatment for fatty liver while recent work at KS has begun to provide a mechanistic basis for the involvement of adipose derived cytokines in initiation of fatty liver. Work has also been done on the role of leptin in mammary gland development and regulation of feed intake (MI). Several committee members (MI, MO) are studying interactions of nutrition and immunity, an area of great interest in the dairy industry.

If we are to improve the accuracy and precision of predicting nutrient use, we must continue to improve mechanistic, dynamic models of metabolism. The newest Dairy Nutrient Requirements book (NRC, 2001) was based in large part on data from this committee.  In the 9 years since its publication, it has gained great respect in the industry. In 2010, a formulation package based on the 2001 NRC model was released (Spartan 3) after extensive work at MI. However, the process of revision of the NRC publication, and the model within it, also pointed out many of the shortcomings in our current knowledge base. The new version is limited especially in predicting dietary nutrient interactions, which consequently hamper our ability to predict rumen microbial metabolism and microbial protein yield and therefore responses to rumen-undegraded protein, carbohydrate, and fat supplements. Other significant limitations are the ability to predict short term versus long-term nutritional responses and changes in body fat and protein use. More mechanistic modeling of the metabolism of the lactating dairy cow will allow for evaluation of these interactions. 


The most comprehensive mechanistic and dynamic model of metabolism in the dairy cow is called 'Molly', developed at CA with inputs from most NC-1040 members. Molly is limited in its ability to describe the rapid changes in nutrient use that occur in early lactation and in predicting physiological responses to high feed intakes or diets with atypical amino acid, fiber, or starch contents. This is not surprising, given the paucity of these types of data when the model was originally constructed in the 1970’ and 1980’s.  The modeling work done spurred new research into getting those data. Work done by several members of the committee (OH, MD, VA, WA) is being used to challenge Molly for its description of energy use in the viscera and mammary gland.  Visceral metabolism can account for the majority of maintenance requirements and can be highly variable.  Errors in the model reflected a lack of knowledge of visceral metabolism in early and mid lactation.  Using data generated, challenges and improvements to the model describing energy use have been made, further increasing its utility in research and application (McNamara, 2005, 2006). 


Quantitative data are still needed on the supply of milk component precursors available under different metabolic and nutritional conditions, such as early lactation. Data also are needed on the metabolic interconversions of nutrients, such as the use of amino acids for gluconeogenesis and thus milk lactose synthesis (MD, VA), and the partitioning of body fat and fat derived from the diet or lipogenesis for milk fat synthesis (WA). These data will enable further refinement of current nutrition recommendations and aid in interpretation of feeding experiments.

F.
Other Specific accomplishments:

Reductions in feeding levels for ruminally degradable protein would reduce nitrogen losses in manure and improve animal efficiency (VA).  As ammonia emissions from manure are driven by the amount of urinary N deposited in manure, such changes would lead to reduced ammonia emissions from animal and manure storage facilities.  Improved knowledge of the mechanisms that regulate milk protein synthesis will allow development of models that better predict the requirements for milk protein synthesis.  This in turn will allow more refined estimates of N requirements and reduced safety margins in feeding systems.   Such an outcome will also work to reduce ammonia emissions from animal and manures storage facilities.  Phosphorus availability in the digestive tract is an important determinant of the amount that must be fed and the amount that is lost in feces.  Model development has helped identify key aspects of P digestion that warrant further examination and must be considered in requirement models to achieve greater reductions in P feeding levels (VA).

Other research has evaluated the relationships between milk urea nitrogen, plasma urea nitrogen and urine urea nitrogen (UUN).  Milk urea N can be a used to predict UUN excretion and may be extended to estimate NH3 emissions from dairy cattle manure because there is a strong relationship between UUN excretion and NH3 emissions.  The information from this research is being used to test metabolic models for urine urea excretion (CA).

Greater use of flax in the nutrition of dairy cattle can supplement lactation diets with not only protein and energy, but compliment the growing interest in designer foods with milk enriched with omega-3 and omega-6 from such grains as flax seed. Furthermore, preliminary evidence suggests that dairy cow fed flax also have improved reproductive health with improved pregnancy rates. It has been estimated that if dairy cow pregnancy rates could be increased, an estimated cost savings to the dairy enterprise of $8.73 per cow per year could be realized for every percentage unit gained (ND).
G. Impact Statements for 2010:

Objective 1.

1. Research has demonstrated the feeding value of a unique method for processing whole soybeans to provide a high quality protein and energy supplement for dairy cattle (SD).

2. Many researchers have blindly targeted removal of protozoa from the rumen as a means to reduce urinary excretion of N, and others have used various chemical or dietary methods to eliminate their associated methanogens. Although these responses often have improved the efficiency of microbial protein synthesis in the rumen or decreased methane output per animal, these benefits often were offset by depressed fiber digestibility, feed intake, or yields of milk protein or fat. Thus, we need to mechanistically study protozoal metabolism and their interaction with other microbes to manipulate microbial populations in order to sustainably decrease N excretion or methane emission on dairy enterprises (OH).

3. Peptides, especially in combination with glucose, increased protozoal chemotaxis. These results help to integrate the importance of chemotaxis (finding food) with cell signaling events that relate to the protozoan’s growth rate (OH).

4. Supplementation of condensed tannins in lactation dairy diets may contribute to improving environmental sustainability of conventional dairy operations through reduced N excretion (UT).
5. The decrease of in vitro CH4 production when feeding cicer milkvetch and birdsfoot trefoil may make these forages suitable for mitigating enteric CH4 emissions by lactating dairy cows (UT).
6. Data indicate that glycerol is a suitable replacement for corn grain in diets for transition dairy cows, and that it alters feed consumption pattern and sorting behavior of prepartum and postpartum dairy cows (IN).  

7. Use of physically effective forage NDF may allow for more predictable milk fat responses to lactation diets high in non-forage fiber (KS).
8. Feeding a texturized high cereal grain diet to calves developed rumen papillae better and contributed to less stomach, intestine, and digesta as a percent of BW than feeding a fine particle, pelleted low cereal grain diet (Provimi).
9. A low dose of Saccharomyces cerevisiae may benefit NH3-N metabolism, without having any negative effects on in vitro rumen fermentation (MN).
10. The impact of mineral sources on H2S production should be considered when formulating diets for lactating cows (MN).
11. Some medium-chain saturated fatty acids, specifically lauric, had profound effects on ruminal fermentation, mediated through inhibited microbial populations, and decreased DMI, milk yield, and milk fat content. Medium-chain saturated fatty acids modified significantly milk fatty acid profile (PA).
12. Results from the in vitro screening of natural products indicated that some essential oils and medicinal herbs are potent inhibitors of methanogenesis in the rumen. Supplementation of dairy cow diets with Origanum vulgare L. reduced methane production in the rumen and increased fat-corrected milk yield and feed efficiency (PA).
13. Novel combinations of grains and oil seeds have the potential to fit into the markets of developing countries for the purpose of enhancing their efficiency to produce meat and milk, otherwise substitute for conventional feedstuffs that are destined for food rather than feed or fiber (ND).

Objective 2.

1. Changes in non-esterified fatty acid concentrations and profiles can regulate expression of bovine pyruvate carboxylase mRNA through specific activation of PC promoter 1 (IN).
2. Changes in pyruvate carboxylase mRNA expression at calving and during feed restriction are due to increases in expression of mRNA variants originating from P1 as a consequence of increased transcription rate of promoter 1 (IN).

3. Chronic, low-grade inflammation may be less detrimental to metabolic health of lactating cows than more acute inflammatory events (KS).

4. Results indicate that protein synthesis would be better represented as a function of energy supply, hormonal signals, and individual amino acid availability at the mammary glands (VA).
5. New data indicate that lactation is supported by coordinated changes in adipose tissue gene expression to promote lipolysis and suppress lipogenesis (WA).
6. A technique was developed which may serve as an effective preventative for Johne’s disease in dairy cattle that does not cause condemnation of the milk intended for human consumption (IA).

7. New data confirm that changes in muscle metabolism to support lactation occur very quickly after calving and that changes occur in soluble proteins involved in metabolism.  Structural proteins do not appear to be significantly affected.  Muscle tissue cannot be ignored as a depot tissue to support lactation and must be included in any model developed to describe metabolism in the dairy cow with onset of lactation (AL).
8. Recovery from diet induced milk fat depression occurs progressively with a very short lag when diet fermentability and polyunsaturated fatty acid concentration are corrected (PA).
9. Dietary agents and metabolites (i.e. butyrate) may influence the expression of genes that are regulated by the aromatic hydrocarbon receptor and the estrogen receptor. Given the role of the ovarian steroids in growth and development of the mammary gland, these studies provide a platform for the development of animal studies to improve lactation performance as well as understand mammary cancer risk in humans (AZ).
10. Supplementation of milk replacer with NeoTec4, a blend of butryate, coconut and flax oils, improves some immune responses, which may partly explain the reduction in scours and concurrent improvements in growth (MI).
Objective 3.

1. Correct sampling techniques will help ensure that treatment differences are accurate.  Using Gaussian Mixture statistical techniques will allow separation of density functions of cell size and volume in adipose cells. The use of Markov Chain Monte Carlo techniques using WinBUGS could potential be used in experiments to better estimate parameters when ordinary differential equations are used (CA).

2. Bayesian methods are especially applicable in meta-analytical studies. Prior information about the parameters could be integrated at various stages in the hierarchical model and appropriate distributions could be fitted. This allows for a better capture of the variability in the data and improves predictions compared to static empirical models (CA).

3. A new model of metabolic regulation of reproductive processes in dairy cattle can be used to frame specific hypotheses on control of reproductive processes by genetic and nutritional mechanisms (WA).

4. A meta-analysis suggests that growth of neonatal dairy calves is better predicted by nutrient intake than surrogates for health status or environmental temperature (Provimi and OH).
5. A model was developed to predict enteric methane production in cattle, and results indicate that altering dietary nutrient contents can be used to mitigate enteric methane production by cattle (Provimi and OH).


H. Publications of NC-1040 Committee members during 2010 reporting year (does not include papers in press or abstracts)
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