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09/15/2017 Thomas Murphy 
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Tom Murphy 

103 Animal Biosciences Building – Montana State University 

Bozeman Montana 59717 

Gallatin MT-001 

Evaluating the effect of zinc oxide injection during critical production periods on ewe 
and lamb productivity 

Tom Murphy 406-994-3736 thomas.murphy12@montana.edu 

Providing sheep with an adequate supply of trace minerals and vitamins is essential for their health and 
productivity. However, the content of trace minerals and vitamin precursors within plants and harvested 
forages is variable across locations, seasons, and years. Therefore, it is possible that sheep are deficient in one 
or more trace minerals and vitamins at some point during the production year, especially in forage-based 
operations. Past work by our program has discovered zinc and selenium deficiencies in weaned ram lambs 
throughout Montana. Current work is seeking to identify if deficiencies in trace mineral and vitamin 
concentrations of ewes during critical production periods (i.e., pre-lambing, weaning, breeding) also exist. If 
consistent deficiencies are identified, it may be an area of focus as a means of improving disease resistance 
and performance in lambs and ewes. Producers do have the option of providing a free-choice supplement to 
help avoid trace mineral and vitamin deficiencies. However, sheep vitamin and mineral packages are rarely 
specific to a region’s unique soil and forage deficiencies. Furthermore, individual consumption of 
supplemental vitamin and mineral is highly variable, which can result in inconsistent statuses across animals. 
The research proposed herein will strive to determine: 1) the efficacy of injectable supplements at increasing 
serum trace mineral content and 2) the effect of supra-nutritional trace mineral and vitamin administration on 
ewe and lamb lifetime performance. The results of this work will be presented to sheep producers, industry 
representatives, and the scientific community and will stress the role of vitamins and trace minerals in 
maintaining animal health and improving productivity.	



Project	Objectives		

	

	

	

Description	of	efforts	–	Anticipated	results	

	

	

	

	

	

	

	 	 	

	

	

	

	

	

	

	

	

	

	

Amount	requested	from	NSIIC																																																			

	 	 Applicant	Matching	Funds																																																								

	 	 Local/State/Federal	Funds	previously	awarded	for	project		

	 	 	 	 	 	 TOTAL																																									

	

The objectives of this research are to determine: 1) the efficacy of injectable supplements at increasing serum 
trace mineral content and 2) the effect of supra-nutritional trace mineral and vitamin administration on ewe 
and lamb lifetime performance.  

To achieve the project objectives, the participants will design projects utilizing the flock housed at Montana 
State University’s Red Bluff Research Ranch. Recently, our research program has identified consistent serum 
zinc deficiencies in weaned ram lamb populations across Montana. A follow up study was conducted that 
found that supranutritional supplementation of zinc increased weight gain and staple length in developing 
yearling Targhee rams. Additionally, preliminary analysis has found that western whitefaced ewes with high 
milk somatic cell counts (an indicator of subclinical mastitis) had 30% lower serum zinc concentrations than 
ewes with consistently low somatic cell counts. Therefore, the proposed research will initially focus on the 
effect of zinc injection to ewes at breeding, pre-lambing, and weaning on ewe and lamb health and 
productivity. 

To evaluate this, 80 yearling Targhee ewes will either be administered a subcutaneous injection of zinc oxide 
(ZnO) or saline (control) prior to being placed in single sire breeding pens. Treatments will be administered 
again 4 to 6 weeks prior to lambing and at weaning and ewes will remain in their treatment groups for the 
remainder of their productive life. Blood will be collected at several time points throughout the year to 
determine the magnitude of serum zinc concentration and lymphocyte phagocytic differences between ZnO 
and control ewes. Milk will be collected from ewes shortly after parturition (< 5 d post-lambing) and at turn 
out to summer grazing (4 wk) from which somatic cell count will be quantified. All lambs will be weighed at 
birth and weaning to determine the effect of ewe treatment on pre- and post-parturition lamb growth. 
Replacement ram and ewe lambs will be shorn as yearlings and fleece weight, staple length, and fiber 
metrology traits will be collected. The proposed project will be conducted two years in a row. 

This work will be part of a graduate student’s thesis research and results will be presented to sheep producers, 
industry affiliates, and the scientific community at extension events and research conferences. Additionally, a 
peer-reviewed research article will be written that summarizes our findings. We expect that zinc oxide 
injection will be a practical and cost effective means of increasing serum zinc concentration. The proposed 
work could serve as a non-antibiotic treatment to increase ewe and lamb lifetime productivity and health. 

$24,129 

$1,800 

$0 

$25,929 



Type	of	Expenditure	

Personnel	–	list	each				Relationship	to	Project					Number	of	Hours					Rate	of	Compensation					Total	

N/A     
	

Equipment																					Purpose																																Cost	

Blood tubes Blood collection $300 Submitter  

Serum analysis Serum trace mineral 
quantification $15,120 NSIIC  

Lacticheck 
cartridges Milk analysis $750 Submitter  

Imagestream 
analysis 

Lymphocyte 
phagocytic 

quantification 
$7,200 NSIIC  

	

Travel																													Per	Diem																															Number	of	Days												Number	of	Personnel	

Bozeman, MT to 
Red Bluff, MT 840 total miles $0.535 per mile $450 Submitter 

	

Other	Related	Expense	

Shipping $300 Submitter   
	

Overhead	

Indirect cost 7.5% $1,809   
	

Provide	a	qualitative	summary,	or	justification	for	budget	expenditures:	(200	word	or	less)	
	

	

	

	

Technical	Objectives	
	

The submitter will purchase the supplies necessary for the collection of blood and the collection and analysis 
of milk samples. The submitter will also fund travel to the Red Bluff Research Ranch and the shipping of 
serum samples from Bozeman, MT to the Michigan State University Veterinary Diagnostic Laboratory 
(MSUVDL). We request funds from NSIIC to quantify the concentration of zinc and other trace elements in 
serum at the MSUVDL. Additionally, we request funds to quantify lymphocyte phagocytic activity at the 
laboratory of Dr. Diane Bimczok housed in the Department of Microbiology and Immunology at Montana 
State University. The above costs are necessary to achieve the proposal’s objectives of quantifying the effect 
of zinc oxide injection on ewe and lamb health and productivity. 
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Prior	USDA	or	other	Federal	Support	
	

	

Identification	and	significance	of	the	issue	being	addressed	
																																																																																																																																																																

	

	

	

	

	

	

What	are	the	goals	to	be	achieved	with	this	grant	funding?	
																																																																																																																																																																

	

	

	

	

	

	

	

Our goal is to determine whether zinc oxide injection during critical production periods has beneficial 
effects to ewe and lamb health and lifetime productivity. 

Priority 1: The proposed work will evaluate the effectiveness of a non-antibiotic alternative to enhancing the 
productivity and health of ewes and lambs and will thus seek to strengthen the long-term sustainability of the 
lamb and wool industry. 

Priority 2: Results from these experiments will be used in future Animal Science undergraduate and 
graduate class lectures. Several undergraduate and graduate students will be involved with the collection and 
analysis of data generated through these experiments. Therefore, this work will educate current and future 
industry stakeholders. 
 
Priority 3: One component of the proposed work will evaluate the effect of zinc oxide injection during 
pregnancy on subsequent lamb’s wool production and quality. Therefore, results from this work may enhance 
the value and productivity of the U.S. wool industry. 
	

Recent research at Montana State University has identified consistent zinc and selenium deficiencies in 
populations of weaned ram lambs throughout the state of Montana. A follow up study identified differences 
in growth and wool characteristics in yearling rams supplemented with zinc from varying sources and 
amounts. It is likely that trace mineral and vitamin deficiencies exist among ewes as well, which may have 
an impact on animal productivity and well-being. Our research team is currently identifying the prevalence 
and production impacts of clinical and subclinical ovine mastitis. Our preliminary work has identified a 
30% difference in serum Zn concentration between clinically normal ewes with low and high somatic cell 
counts. To date, no work has focused on reducing the impact of ovine mastitis and improving lamb 
performance through the prophylactic administration of zinc to pregnant ewes at critical production periods 
throughout the year.  

NSIIC has funded current research conducted by the proposed project’s personnel entitled “Sire breed, 
harvest age, and diet effects on the flavor profile and consumer acceptance of American Lamb” (2016). 



Work	Plan	–	Task,		Methodology,	Individual	responsible,	and	location	where	work	will	be	done.	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Related	Research	or	other	efforts	in	this	area	of	which	you	are	aware,	including	an	analysis	of	the	
competitive	landscape	if	the	award	is	for	a	commercial	application.	

	

	

	

	

November – December 2017 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for 
baseline measurements of ewe serum zinc concentration and administer zinc oxide and control 
treatments prior to introduction into single-sire mating groups. Re-collect blood for quantification of 
serum zinc concentration 34 d later.  

March 2018 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for baseline 
measurements of ewe serum zinc concentration and lymphocyte phagocytic activity. Administer zinc 
oxide and control treatments prior to shearing. 

April – May 2018 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for ewe serum 
zinc concentration and lymphocyte phagocytic activity 5 d and 4 wk post-lambing. Collect milk to 
determine somatic cell count 5 d and 4 wk post-lambing. Compile lamb body weight at birth and 4 wk 
of age. 

August 2018 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for baseline 
measurements of ewe serum zinc concentration and administer zinc oxide and control treatments at 
weaning. Compile lamb body weight at weaning. 

November – December 2018 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for 
baseline measurements of ewe serum zinc concentration and administer zinc oxide and control 
treatments prior to introduction into single-sire mating groups. Re-collect blood for quantification of 
serum zinc concentration 34 d later.  

March 2019 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for baseline 
measurements of ewe serum zinc concentration and lymphocyte phagocytic activity. Administer zinc 
oxide and control treatments prior to shearing. 

April – May 2019 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for ewe serum 
zinc concentration and lymphocyte phagocytic activity 5 d and 4 wk post-lambing. Collect milk to 
determine somatic cell count 5 d and 4 wk post-lambing. Compile lamb body weight at birth and 4 wk 
of age. 

August 2019 (Tom Murphy, Megan Van Emon, Whit Stewart): Collect blood for baseline 
measurements of ewe serum zinc concentration and administer zinc oxide and control treatments at 
weaning. Compile lamb body weight at weaning. 

October 2019 (Tom Murphy, Megan Van Emon, Whit Stewart): Finish data analysis and submit 
article to scientific journal.  

*All work will be conducted at the Red Bluff Research Ranch 

 

To our knowledge, no studies have evaluated the effect of subcutaneous zinc oxide injection during 
critical production periods on ewe and lamb productivity and health.  



Potential	Post	application	in	this	area	of	development	of	research	or	commercial	endeavor	

	

	

	

Background	and	rationale	(citation	of	publications	if	any)		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

This research will evaluate whether long-term supplementation of zinc oxide has beneficial effects on 
ewe immune function and lamb growth and wool characteristics. If there are benefits, this could be an 
economically feasible, non-antibiotic husbandry practice that has the potential to reduce production 
losses from mastitis. 

Recent research conducted at Montana State University evaluated serum trace mineral status in ram 
lambs from 21 ranches throughout Montana (Page et al., 2016). The two most deficient and marginally 
deficient minerals across Montana were Se (19% of ranches deficient; 24% of ranches marginally 
deficient) and Zn (14% of ranches deficient; 52% of ranches marginally deficient). Given that Se and 
Zn deficiencies were found in ram lambs across Montana, it is likely that such deficiencies exist in ewes 
as well.  

Zinc is the second most abundant trace mineral in the body (Herdt and Hoff, 2011) and plays significant 
roles in the immune system (NRC, 2007). It has been shown that the availability of zinc enhances the 
ability of phagocytes to eliminate pathogens by phagocytosis (Wintergerst et al., 2006). Zinc 
supplementation has resulted in greater phagocytic activity and decreased bacterial burden in mice 
(Ganatra et al. 2017). In dairy cattle, zinc supplementation enhanced the phagocytic activity of 
neutrophils (Osorio et al. 2016). Saianda et al. (2007) reported that bacterial adherence to the mammary 
epithelium was greatly reduced in dairy ewes supplemented with additional zinc.  

In addition to animal health, zinc has important effects on ewe and lamb performance. White et al. 
(1994) reported that zinc deficient animals have reduced feed intake and wool growth. Masters and 
Moir (1983) found that ewes that were deficient in zinc during pregnancy had significantly lighter 
lambs. It has been reported that ewe nutrition during pregnancy can have important effects on fetal 
development and future lamb performance (Vonnahme et al., 2003). Given zinc’s role in wool 
production, it’s possible that its availability to fetuses during pregnancy could affect future fleece and 
fiber characteristics in lambs.  

We hypothesize that reliance upon Zn depleted forages may predispose ewes to mastitis and have other 
important effects on ewe and lamb health and performance. The research team will evaluate the effect 
of zinc oxide injection administered to ewes during pregnancy and at weaning on ewe susceptibility to 
mastitis in early- and mid-lactation and lamb growth and future wool characteristics. State-of-the-art 
machinery housed at Montana State University’s Department of Microbiology and Immunology in 
addition to the Montana Wool Lab will enable us to determine whether zinc oxide injection is an 
economically feasible means of improving the long term productivity of the U.S. sheep industry. 



	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Relationship	to	industry,	including	technical,	economic	and	social	benefit	

	

	

	
Cost	benefit	analysis	

	

	

	

	

Applied research aimed at reducing disease and enhancing sheep performance has long-term animal 
wellbeing and productivity implications. We believe the proposed project will help identify important 
effects of trace mineral supplementation on ewe and lamb health and performance. 

Early reports estimated that mastitis costs the U.S. sheep industry $20 to $25 million annually (Smith 
1989; Ahmad et al., 1992). More recently, the USDA reported that the primary reason for culling ewes 
during 2011 was: old age (55.6% of culls); failure to lamb (7.7%); teeth problems (7.6%); hard-bag 
syndrome (7.1%); and mastitis (6.7%; USDA APHIS, 2011). Identifying economically feasible, non-
antibiotic alternatives to managing disease and improving ewe and lamb performance is a much needed 
area of research for the U.S. sheep industry. 

Ahmad, G., L.L. Timms, D.G. Morrical, and P.O. Brackelsberg. 1992. Dynamics and significance of ovine  subclinical 
 intramammary infections and their effects on lamb performance. Sheep Res. J. 8(1):25-29. 

Ganatra, H.A., B.M. Varisco, K. Harmon, P. Lahni, A. Opoka, and H.R. Wong. 2017. Zinc supplementation leads to 
 immune modulation and improved survival in a juvenile model of murine sepsis. Innate Immun. 23: 67-76. 

Herdt, T. H. and B. Hoff. 2011. The use of blood analysis to evaluate trace mineral status in ruminant livestock. Vet. Clin. 
 North Am. Food Anim. Pract. 27:255-283. 

Masters, D.G. and R.J. Moir. 1983. Effect of zinc deficiency on the pregnant ewe and developing fetus. Br. J. Nut. 49:365-
 372. 

NRC. 2007. Nutrient Requirements of sheep. 7th ed. Nat. Acad. Press, Washington, D.C. 

Osorio, J.S., E. Trevisi, C. Li, J.K. Drackley, M.T. Socha, and J.J. Loor. 2016. Supplementing Zn, Mn, and Cu from amino 
acid complexes and Co from cobalt glucoheptonate during the peripartal period benefits postpartal cow 
performance and blood neutrophil function. J. Dairy Sci. 99: 1868-83. 
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 mineral concentrations in weaned Montana ram lambs. Proc. West. Sec. Amer. Soc. Anim. Sci. 67. 
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 140. 
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Wintergerst, E.S., S. Maggini, and D.H. Hornig. 2006. Immune-enhancing role of vitamin C and zinc and effect on clinical 
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Policy	or	decisions	affected	by	results	
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Financial	Feasibility	(i.e.,	Is	the	budget	proportionate	to	the	endeavor,	and	will	the	outcome	have	a	financial	
benefit	to	the	industry	in	the	near	term	or	will	additional	funding	be	required?)	

	

	

Business	Soundness	(i.e.,	Are	project	participants	qualified	and	experienced)	

	

	
Management	Ability		(i.e.,	Are	project	participants	qualified	and	experienced)	

	

	
Potential	Industry	Impact	(i.e.,	How	can	the	industry	be	expected	to	benefit	in	both	qualitative	and	
quantitative	measures?)	
	

	

	

	Following the completion of this research, recommendations will be made to sheep producers on the 
potential beneficial effects of supranutritional supplementation of zinc and other trace minerals and 
vitamins.  

The requested resources, along with the matched funding from the research team, will be sufficient to 
collect the necessary data to determine the effect of zinc oxide injection on ewe and lamb health and 
productivity.  

Yes. The spending of requested funds to achieve the objectives of the proposed research project will be 
overseen by experienced personnel. 

The results from the proposed research will be presented to sheep producers and industry affiliates. If 
supranutritional supplementation of zinc and other trace minerals and vitamins has positive effects on 
animal health and productivity, producers may have a low cost, non-antibiotic husbandry alternative. 

Yes. The research staff involved with the proposed project are skilled and experienced in carrying out 
applied animal research. 

Tom Murphy: Dr. Murphy is trained as a quantitative geneticist and is an Assistant Professor of Sheep 
Production at MSU. He has published proceedings, journal articles, and popular press pieces as well as 
presented at numerous producer extension events and scientific meetings on various topics of sheep 
production. Tom also serves on the technical committee of the National Sheep Improvement Program. 

 
Whit Stewart: Dr. Stewart is the Extension Sheep Specialist at the University of Wyoming effective. 
Whit has designed conducted and published numerous sheep related research and extension activities 
throughout the U.S. Recent work with trace minerals has provided timely information to Montana sheep 
ranchers on trace mineral deficiencies, and to feed companies to offer region specific mineral packages 
for sheep producers. Whit also serves on the Production, Education, and Research Council  of the 
American Sheep Industry Association. 

 
Megan Van Emon: Megan is the Extension Beef Cattle Specialist at Montana State University.  She 
has numerous published journal articles, proceedings, and popular press articles, which include topics 
on beef and sheep production.  Dr. Van Emon has presented at numerous scientific and extension 
meetings.  Megan works closely with beef and sheep producers throughout Montana. 



Industry	Support		(i.e.,	What	data	or	other	information	is	available	to	substantiate	industry’s	need	or	desire	
for	this	project?)	

	

	

	

	

	

CERTIFICATION	

	

To	the	best	of	my	knowledge	and	belief,	all	data	in	this	application	is	true	and	correct.		The	document	has	
been	duly	authorized	by	the	governing	body	of	the	Applicant	and	the	Applicant	will	comply	with	all	Grant	
requirement	if	the	assistance	is	awarded.	

Signature	S	S																																																																																											Date	

Name	of	authorized	representative:	

Title		

	

Email		

Phone			

	

	

 
Return this application to: stevelee@nsiic.org  
If you prefer to send hard copies:  
Steve Lee, 
Executive Director and Program Manager  
National Sheep Industry Improvement Center  
Box 646  
Rockland, Maine 04841  
207-236-6567 
  
For FedEx or Other Delivery Services:  
32 Gleason St  
Thomaston, ME 04861  

The Montana State University Sheep Program works closely with the Montana Wool Growers 
Association, the U.S. Sheep Experiment Station, and area ranchers to ensure producer needs are being 
addressed through applied research. Such entities have expressed their concern of trace mineral 
deficiencies and production impacts of mastitis and their support for requested funds to address these 
areas. 

	 09/15/2017	

Evaluating the effect of zinc oxide injection during critical production periods on ewe and lamb 
productivity 

thomas.murphy12@montana.edu 

406-994-3736 



Download form to your computer, complete it and save it to your computer prior to submitting to the 
Sheep Center. 
  
Additional Information for Applicants:  
 
Matching funds:  
In order to leverage funds available, NSIIC will assign 10 points to any application in which a match of 
cash or in-kind labor is contributed. In-kind matches may only account for 50% of the total match. 
Additionally, salaries or other expenditures that will be made by the applicant or the applicant's employer, 
irrespective of a potential grant award, cannot be used as a match.  
A subtraction of 10 points will be made from the total score of any application that includes an overhead 
budget of more than 7.5% of the total grant request. Request for capital expenditures are discouraged, 
and may not exceed 20% of the total budget in any event. Please justify any requested funding for 
equipment or other capital expenditures.  
	
Notification	to	Applicants:	Applicants	will	be	notified	via	e-mail	that	their	application	has	been	received	within	a	
day	or	two	of	receipt:	After	Review,	all	applicants	will	be	sent	a	notice	to	the	e-mail	of	the	person	listed	as	the	
contact	person	on	the	application.	That	notice	will	be	one	of	three	possible	responses:	1)Your	application	did	not	
score	high	enough	for	funding	consideration	2)	Your	application	scored	high	enough	for	funding	as	submitted	3)	
Your	application	scored	high	enough	for	funding	but	with	modifications	needed	in	the	budget.	You	will	be	given	the	
opportunity	to	make	those	modifications	for	funding	or	you	may	reject	the	modifications	in	which	case	the	grant	
funding	offer	will	be	withdrawn.	Instruction	will	be	included	in	the	notice.	Please	note	that	the	Review	Committee	
will	not	provide	feedback	to	applicants	however	in	some	cases	the	Board	may	elect	to	encourage	re	submission	
with	certain	specific	changes	(i.e.	those	the	Board	feels	were	good	causes	but	poor	application	preparation	or	those	
with	a	good	idea	but	not	sustainable	as	presented).	In	some	instances	the	Board	may	want	to	provide	a	written	
statement,	with	the	understanding	that	no	further	discussion	is	available.	Please	note	that	proposals	submitted	
more	than	twice	will	not	be	evaluated.	The	NSIIC	Board	request	that	applicants	refrain	from	communicating	with	
Board	Members	specifically	about	the	project	(i.e.	Lobbying	your	project).	Under	no	circumstances	will	applications	
arriving	past	the	deadline	for	submission	be	considered	


