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H. Executive Summary: 


Summarize the details of the research project.

Twenty-four Jersey calves were randomly assigned to one of four treatment groups (6 calves per group). Pooled colostrum from first milkings (high IgG1 colostrum, 84 mg/ml) of multiparous cows was fed to treatment groups 1 and 2.  Pooled colostrums from second and third milkings (low IgG1 colostrum, 31.2 mg/ml) of multiparous Jersey cows were fed to calves in treatment groups 3 and 4.  The quality and timing of colostrum feeding was as follows: group 1, were fed (high IgG1 colostrum) 4 L at 0 h (birth); group 2, calves were fed (high IgG1 colostrum) 2 L at 0 h (birth) and 2 L at 12 h; group 3, calves were fed (low IgG1 colostrum) 4 L at 0 h (birth); and group 4 calves were fed (low IgG1 colostrum) 2 L at 0 h (birth) and 2 L at 12 h. Mean serum IgG1 was 38.66, 45.66, 13.81 and 9.95 mg/ml in groups 1-4, respectively. At 48 h of age, calves fed colostrum with higher concentrations of total ingested IgG1 (group 1 and 2) had significantly higher serum protein and IgG1 concentrations than calves fed low IgG1 colostrum at 48 h of age (group 3 and 4).      Mean apparent efficiency (AEA) of IgG1 absorption was measured at 48 h and calves (group 2) receiving 2 L at birth and 2 L at 12 h of high IgG1 colostrum had higher mean apparent efficiency of IgG1 absorption than calves (group 4) fed 2 L of colostrum that was low in IgG1 at birth and 12 h (31.2% and 18.2% groups 2 and 4, respectively).  Results suggest that dairy management practices support feeding Jersey calves two separate feedings of high quality colostrum to maximize the colostral IgG1 absorption.

This study shows that calves fed colostrum with higher concentrations of total ingested IgG had higher IgG concentrations than calves fed low IgG colostrum at 48 h of age.   Results suggest that dairy management practices support feeding Jersey calves high quality colostrum to maximize the colostral IgG absorption.

I. Major Accomplishments:
State the situation of the research and the findings. Describe how the research was beneficial as well as the solutions that were found and by what means. Identify these points by numbers and/or bullets.

It is critically important to feed colostrum immediately after birth to the dairy calf.  The intestine of the newborn is capable of absorbing large protein molecules (i.e. Ig) intact within the first 24 hours of life, resulting in an increase in circulating IgG concentrations in the calf’s blood. The transfer of Ig in the colostrum from the mother to calf is termed passive immunity. Insufficient serum IgG concentrations (less than 10 g/ml by 48 hours) are called failure of passive transfer. Many factors influence failure of passive transfer. However, the two most recognized factors affecting serum IgG concentration are the amount of IgG consumed and age of the calf at first colostrum feeding.  Providing calves with colostrum soon after the animal is born maximizes absorption potential of Ig. Studies have demonstrated that the rate of absorption depends on the amount of colostrum fed and how soon after birth ingestion occurs.  Research indicates indicated delayed colostral feeding may result in the probability of microorganism invasion of the intestinal epithelia; hence the high rate of morbidity and mortality in calves with low IgG could be the result of transepithelial migration of pathogens prior to gut closure. With increasing age, there is a progressive decrease in absorption rate as colostrum feeding was delayed. Additionally, amount of colostrum fed and age at first feeding are the two major factors in determining maximum Ig concentration in serum. Maximum Ig concentration in serum for calves fed a given amount of colostrum decreases as the interval between birth and first feeding of colostrum increases. 

Colostral Ig 
· The concentration of Ig in colostrum (84  mg/ml, Table 1) fed to the high groups (1 and 2)  in the presented study were similar to other studies that measured colostrum from Jersey cows and reported that samples averaged 65.8 g/L of IgG, with range of 28.4 to 114.7 g/L.  

TABLE 1. Design of experiment to study the effects of quality and timing of colostrum ingestion 

on IgG1 absorption in Jersey calves.
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12h

12 h




(no.)

(mg/ml)


-----(L)----- 

(g)
1

6

84.0


4
---

336.0

2

6

84.0


2
2

336.0

3

6

31.2


4
---

124.8

4

6

31.2


2
2

124.8


1Calves in group 1 were fed 4 L of colostrum that was high in Ig (84.0 mg of IgG1 /ml) at 0 h, calves in group 2 were fed 2 L of colostrum that was high in Ig at 0 and 12 h, calves in group 3 were fed 4 L of colostrum that was low in Ig (31.2 mg of IgG1 /ml) at 0 h, and calves in group 4 were fed 2 L of colostrum that was low in Ig at 0 and 12h. 

Serum Protein

· Serum protein concentrations (Table 2) before colostrum feeding were relatively low 3.83, 4.20, 3.32, and 3.66 g/100 ml; groups 1, 2, 3 and 4, respectively and were not different. 

· Calves (group 1 and 2) that were fed high quality colostrum (84 mg/ml) had higher (P < 0.05) concentrations of serum protein than calves (group 3 and 4) fed lower quality colostrum (31.2 mg/ml) at 12, 24 and 48 h.

· Calves fed 4 L of high quality colostrum (group 1) had approximately 44 % greater serum protein concentration than calves fed 4 L of low quality colostrum (group 3) at 48 h. 

· Although calves in groups 3 and 4 received 124.8 g of total IgG1 at 24 h of age, mean serum protein was < 5.0 g/L, which has been reported as an indication of failure of passive transfer of immunity.

TABLE 2. Serum Protein Concentrations in Jersey Calves.




Treatment

Time after first colostrum meal


Group

0

12 h

24 h

48 h

-----------------------(g/ 100 ml)------------------------------

1

3.83

6.08
 
6.85

6.58


2

4.20

6.10

7.20

6.86     


3

3.32

4.65

4.35

4.58       
4

3.66

4.00

4.13

4.30


Serum IgG1 

· Calves (group 3) fed 4 L of low quality colostrum at birth had higher (P < 0.05) levels of IgG1 at 12 and 24 h than calves fed 2 L of low quality colostrum at birth and 2 L at 24 h (group 4) (Table 3).  The lack of effect of 4 L of low quality colostrum on serum IgG1 at birth versus 2 L at birth and 2 L at 12 h suggests that offering calves a second feeding of low quality colostrum at 12 h will not provide adequate Ig protection to the pre-ruminant calf. It is generally accepted that failure of passive transfer is indicated when a blood Ig concentration is less than 10 mg/ml at 48 h of age. A concentration of 15 mg/ml probably is more desirable as a management target to reduce calf morbidity and mortality. Calves fed low quality colostrum (group 4) did not achieve the management target of 15 mg/ml.  In contrast, calves fed colostrum relatively high in IgG1 content resulted in higher (P < 0.05) serum IgG1 concentrations at 12, 24 and 48 h (group 1 and 2); than calves receiving low quality IgG1 colostrum (groups 3 and 4). 

· A standard recommendation with Holstein calves has been to feed 1.89 L (2 quarts) of colostrum the first few hours of life, followed by an additional 1.89 L (2 quarts) within 12 hours.  As reported in Table 3 of this study the amount of IgG1 absorbed by 48 h was 18 percent greater in calves fed 2 L of high quality pooled colostrum at birth and 12 h of age versus 4 L at birth.  It is suggested a physiologic limitation to the mass of immunoglobulin that can be absorbed from a given volume of colostrum.  

Table 3. Serum IgG1 Concentrations in Jersey Calves.



Treatment

Time after first colostrum meal


Group

12 h


24 h


48 h



-----------------------(mg/ ml)---------------------------------

1

32.66
 

39.66
 

38.66

2

34.33


45.83


45.66    
3

16.12


15.83


13.81


4
 
 7.75


10.91
   
 
 9.95

   

Apparent Efficiency of Absorption (AEA) of Serum IgG1

· Calves (group 2) receiving 2 L at birth and 2 L at 12 h of high IgG1 colostrum had higher (P < 0.05) mean apparent efficiency of IgG1 absorption than group 1 calves fed 4 L of colostrum high in IgG1 at birth.  Similar AEA rates were noted for group 1 and 3 calves (Table 4).   However, group 4 calves fed 2 L of low quality colostrum (124.8 g) at 0 and 2 L at 24 h had a lower AEA compared to group 1, 2 and 3 calves.

· The concentration of IgG in the colostrum may influence AEA. Within treatment, calves were fed two different concentrations of IgG1 and volumes of colostrum. Absorption of IgG1 and protein were highly correlated, as indicated by the significant linear regression of IgG1 and protein. Total serum protein has been used as an estimate of circulating serum IgG concentration and as an indicator of susceptibility to neonatal disease. The value of 5.2-g/dl total protein as indicative of adequate passive transfer.  When applying this criterion to this study (figure 1), calves in treatments 3 and 4 at 48h provided estimates of failure of passive transfer. Serum IgG1 concentrations (10 g/ml) at 48 hours indicate successful passive transfer in group 1, 2 and marginal in treatment group 3 and inadequate in group 4 (Table 3).  These data suggest that the feeding of relatively low quality colostrum (31.2 mg/ml) at 0 h and 12 h (2 L) will lead to failure of passive transfer of colostral immunoglobulins.           

Table 4. Apparent Efficiency of Absorption of IgG1 in Jersey Calves


Treatment

Group


48 h after first colostrum meal


    

-------------------(%)------------------------------

1




24.6
            

2

    


31.2


3

         


25.6


4

         


18.2
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Figure 1: Regression of serum IgG

1

 and serum total protein at 48h of age in Jersey calves.


The results from this study show the importance of colostral quality on IgG1 intake and absorption. Jersey calves that received high quality colostrum (84.0 mg/ml IgG1) had higher concentrations of IgG1 and total serum protein than calves that received low quality colostrum (31.2 mg/ml IgG1). Calves fed 2 L of high quality colostrum (84.0 mg/ml IgG1) at 0 h and 12 had greater concentrations of IgG1 after 24 hours and AEA at 48 h than calves fed similar IgG1 concentrations once at 0 h.  Results suggest that dairy management practices support feeding Jersey calves two separate feedings of high quality colostrum to maximize the colostral IgG1 intake.   

J. Impact Statements: 

List the project impacts in priority order using as many numbers as needed.

Project impacts:
1. The results of this study demonstrated the importance of colostral quality on IgG1  intake and absorption in Jersey calves.
· Jersey calves fed high quality colostrum (84.0 mg/mL IgG1) had higher concentrations of  IgG1 and total serum protein than calves that received low quality colostrum (31.2 mg/mL of IgG1)

2. The results of this study demonstrated the importance of feeding high quality colostrum immediately after birth. Providing calves with high quality colostrum soon after birth maximized the apparent efficiency of absorption (AEA) of potential Ig.

· Calves1 receiving 2 L at birth and 2 L at 12 h of high quality colostrum (group 2) had higher mean AEA of IgG1 
than calves fed 4 L of colostrum high in IgG1at birth.  Similar AEA rates were noted for group 1 and 3 calves.   However, group 4 calves fed 2 L of low quality colostrum (124.8 g) at 0 and 2 L at 24 h had a lower AEA compared to group 1, 2 and 3 calves.  

1Calves in group 1 were fed 4 L of colostrum that was high in Ig (84.0 mg of IgG1 /ml) at 0 h, calves in group 2 were fed 2 L of colostrum that was high in Ig at 0 and 12 h, calves in group 3 were fed 4 L of colostrum that was low in Ig (31.2 mg of IgG1 /ml) at 0 h, and calves in group 4 were fed 2 L of colostrum that was low in Ig at 0 and 12h. 
3. This study also supports feeding Jersey calves two (2) separate feedings of high quality colostrum to maximize the colostral IgG1 intake.  Calves fed 2 L of high quality colostrum at 0 and 12 h had higher apparent efficiency of absorption at 48 h tan calves fed similar IgG1 concentrations one time at 0 hours. 
K. Dissemination, publications and presentations of research:
1. List all activities in chronological order by category and date (most recent first) including any planned activities.

2. Include all names of those presenting and/or coauthoring material.

3. State name of publications and identify as refereed journal/paper or trade publication.

4. State names and places where presentation(s) were or will be made. 

5. Attach copies of all disseminated materials including senior projects and graduate theses.

Dissemination Plan: 

1. Agricultural Research Initiative. 2005: Colostrum feeding study may reveal more details of benefits to dairy calves. California State University Agriculture Research Initiative (CSU/ARI) project summary.

2. E. H. Jaster, 2005. Factors Affecting IgG Absorption by Jersey Calves. Jersey Journal Pages 18-19. March 2005 (Dairy Cattle Breed Publication). 

3. E. H. Jaster, 2005. Evaluation of Quality, Quantity and Timing of Colostrum Feeding on Immunoglobulin G1 Absorption in Jersey Calves. J. Dairy Sci. 88:296-302. (Peer Reviewed Journal)
4. E.C. Johnson, D. K. Kendall and E. H. Jaster, 2004.  Evaluation of Quality, Quantity and Timing of Colostrum Feeding on Immunoglobulin G1 Absorption in Jersey Calves.  Poster display was presented at the American Dairy Science Association Annual Meeting. St. Louis, MO. July 2004.
5. E.C. Johnson, D. K. Kendall and E. H. Jaster. 2004. Evaluation of Quality, Quantity and Timing of Colostrum Feeding on Immunoglobulin G1 Absorption in Jersey Calves. Poster display was presented at the California Nutrition Conference (CANC), Fresno, CA.  May 2004. Debra Kendall received 1st place recognition in the undergraduate/graduate poster competition at CANC.

6. Elin Johnson: Evaluation of Quality, Quantity, and Timing of Colostrum Feeding on Immunoglobulin G1 Absorption in Jersey Calves. Senior project: Fall 2003
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Figure 1: Regression of serum IgG1 and serum total protein at 48h of age in Jersey calves.
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Jaster

		204		1		60		0		4.3		0		.

		205		2		53		0		4.7		255		.

		207		3		53		0		2.4		66		.

		784		4		68		0		4.8		0		.

		785		1		51		0		4.1		28		.

		786		2		63		0		3.1		25		.

		208		3		68		0		3.4		0		.

		209		4		64		0		2.6		64		.

		787		1		67		0		4.4		0		.

		788		2		61		0		4.4		94		.

		210		3		64		0		3.4		0		.

		212		4		45		0		3.9		0		.

		789		1		47		0		3.5		0		.

		790		2		65		0		5		290		.

		213		3		64		0		3.2		0		.

		214		4		74		0		3.4		0		.

		791		1		65		0		3.6		0		.

		792		2		64		0		4		0		.

		793		3		70		0		3.1		21		.

		216		4		62		0		3.4		0		.

		217		1		57		0		3.1		0		.

		218		2		71		0		4		0		.

		794		3		66		0		4.4		0		.

		219		4		67		0		3.9		47		.

		204		1		60		12		6.4		2400		.

		205		2		53		12		4.7		3100		.

		207		3		53		12		2.4		1250		.

		784		4		68		12		4.9		875		.

		785		1		51		12		4.9		3000		.

		786		2		63		12		5.7		2500		.

		208		3		68		12		6.2		2500		.

		209		4		64		12		4.9		875		.

		787		1		67		12		5.7		3100		.

		788		2		61		12		6.3		3350		.

		210		3		64		12		3.9		1500		.

		212		4		45		12		3.6		900		.

		789		1		47		12		6.8		4800		.

		790		2		65		12		6		3000		.

		213		3		64		12		5.5		1475		.

		214		4		74		12		4.3		750		.

		791		1		65		12		5.6		3000		.

		792		2		64		12		6.9		3650		.

		793		3		70		12		4.9		1400		.

		216		4		62		12		3.4		625		.

		217		1		57		12		7.1		3300		.

		218		2		71		12		7		5000		.

		794		3		66		12		5		1550		.

		219		4		67		12		2.9		625		.

		204		1		60		24		6.8		3200		.

		205		2		53		24		6.3		3800		.

		207		3		53		24		2		1250		.

		784		4		68		24		3.6		950		.

		785		1		51		24		7		4500		.

		786		2		63		24		7.8		4650		.

		208		3		68		24		6.5		2550		.

		209		4		64		24		5.1		750		.

		787		1		67		24		6.2		3000		.

		788		2		61		24		7.1		5100		.

		210		3		64		24		4.5		1500		.

		212		4		45		24		3.1		1500		.

		789		1		47		24		9.2		6200		.

		790		2		65		24		6.7		3350		.

		213		3		64		24		5		1750		.

		214		4		74		24		4.5		975		.

		791		1		65		24		5.8		3800		.

		792		2		64		24		7.5		4500		.

		793		3		70		24		3.7		900		.

		216		4		62		24		3.4		1125		.

		217		1		57		24		6.1		3100		.

		218		2		71		24		7.8		6100		.

		794		3		66		24		4.4		1550		.

		219		4		67		24		5.1		1250		.

		204		1		60		48		5.6		2950		19.4

		205		2		53		48		7.1		4050		23.1

		207		3		53		48		4.2		1425		21.9

		784		4		68		48		3.7		800		15.7

		785		1		51		48		6.6		5200		28.6

		786		2		63		48		8.2		5000		34

		208		3		68		48		6.1		2050		40.5

		209		4		64		48		4.8		750		13.9

		787		1		67		48		6		2500		25.3

		788		2		61		48		6.1		4500		29.6

		210		3		64		48		3.1		1500		27.9

		212		4		45		48		4		1200		15.6

		789		1		47		48		8.7		5500		27.9

		790		2		65		48		6.1		3800		26.6

		213		3		64		48		5.1		1175		21.8

		214		4		74		48		5		1300		27.9

		791		1		65		48		6.5		3800		26.6

		792		2		64		48		6.5		3950		27.3

		793		3		70		48		4.6		612		12.4

		216		4		62		48		4.7		825		14.8

		217		1		57		48		6.1		3250		20

		218		2		71		48		7.2		6100		46.7

		794		3		66		48		4.4		1525		29.2

		219		4		67		48		3.6		1100		21.4






