PAGE  

Proceedings, Western Section, American Society of Animal Science

Vol. 52, 2001

EFFECT OF FISHMEAL SUPPLEMENTATION ON FERTILITY IN PRIMIPAROUS, LACTATING BEEF COWS
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ABSTRACT:  Over a two-year study, 82 lactating, primiparous beef cows were used to study the effect of fishmeal supplementation on first service conception rates.  Cows were fed a corn silage based diet supplemented with fishmeal (5% DM) or corn gluten meal (8.7%), beginning 25 days prior to the start of and continuing through the 90-d breeding season.  Throughout the breeding season, cows were visually observed for estrous behavior for a minimum of 30 min at dusk and dawn.  Cows were artificially bred with bulls of proven fertility 12 h after being detected in estrus.  Pregnancy status was determined by transrectal ultrasonography at 25-30 d post-breeding in cows not returning to estrus.  Jugular blood samples were taken from all the cows on d 3 or 4, 9 or 10, and 15 or 16 following first insemination to analyze for serum progesterone concentrations.  During the second year of the study, blood samples were collected from 4 cows in each treatment group immediately before supplementation began (wk 0) and at weekly intervals for the first 5 wk of the supplementation.  Plasma samples were analyzed for omega-3 fatty acids: eicosapentaenoate (EPA) and docosahexaenoate (DHA).  Plasma EPA was maintained and DHA increased during the first 5 wk of supplementation (P < .05) in cows supplemented with fishmeal.  Serum progesterone concentrations did not differ between treatment groups following the first insemination (P > .15).  However, first service conception rates tended (P = .14) to be higher in cows supplemented with fishmeal when compared to cows supplemented with corn gluten meal (75.6 vs 61.5%, respectively).  Overall pregnancy rates did not differ between the two treatment groups (P > .15).  This study indicates that fishmeal supplementation may improve first service conception rates in lactating, primiparous beef cows.  The apparent increase in fertility was not due to an increase in progesterone synthesis by the corpus luteum.
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Introduction

           One of the biggest problems facing the beef industry today is early embryonic mortality.  Ayalon (1978) and Hawk (1979) have reported 20-30% of all embryos die within the first 30 days of gestation.  One possible cause for embryonic mortality is the failure of the embryo to initiate maternal recognition of pregnancy.

          In the nonpregnant cow, prostaglandin (PG) F2 is released from the uterus late in the estrous cycle to cause the regression of the corpus luteum and start a new estrous cycle  (Nancarrow et al., 1973; Kindahl et al., 1976).  In the pregnant cow, the embryo must block the release of uterine PGF2 in order to maintain the corpus luteum so that pregnancy can be established.   One way the conceptus initiates maternal recognition of pregnancy is by releasing the hormone interferon-tau to block the synthesis and release of PGF2 (Bazer et al., 1997).  It has been suggested that the embryo does not release a sufficient amount of interferon-tau or that the signal is too late in the estrous cycle to block the release of PGF2s a result, the corpus luteum regresses and early embryonic death occurs. 

           Administration of exogenous interferon-tau will delay the regression of the corpus luteum.  However, it does not improve pregnancy rates.  Therefore, different methods must be used to effectively block the release of PGF2 in order to improve pregnancy rates in beef cattle (Thatcher et al., 1994; Niswender et al., 1997).  

          Dairymen frequently supplement lactating cows with fishmeal as a by-pass protein to increase milk protein and yield.  In addition to these benefits, it was observed that fertility was improved in fishmeal-supplemented cows (Bruckental et al., 1989; Armstrong et al., 1990; Burke et al., 1996). Fishmeal contains a high percentage of the omega-3 fatty acids; eicosapentaenoic (EPA) and docosahexaenoic (DHA) fatty acids and these fatty acids may be responsible for the increase in fertility.  The objective of this study was to determine if fishmeal supplementation increases first service conception rates in lactating, primiparous beef cows.

Materials and Methods

Animals and General Procedures

           Over a two-year period, 82 lactating, primiparous cows were used to evaluate the effect of fishmeal supplementation on first service conception rates.  Cows were weighed and body condition scored before the start of the study each year.  These data along with calving date were utilized to randomly allot cows to 1 of 8 pens (n = 5-6 cows/ pen) that had been assigned, at random, to a treatment of fishmeal or corn gluten meal supplementation.  The cows were fed an isocaloric and isonitriogenous corn silage based diet that was supplemented with either fishmeal or corn gluten meal at 5 or 8.7% DM, respectively (Table 1). The feeding period began 25 days prior to and continued through the 90-d breeding season.  Throughout both years, cows were weighed approximately every 2 wk to monitor weight gain.
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          Before the start of the breeding season, cows were given 25 mg of PGF2 (Lutalyse; Pharmacia & UpJohn Co, Kalamazoo, MI) at 14-d intervals to synchronize estrous cycles.  Cows were visually observed at dusk and dawn for a minimum of 30 min for estrous behavior throughout the breeding season.    Cows were artificially bred to bulls with proven fertility 12 h after being detected in estrus.  Pregnancy status was determined at 25-30 d by transrectal ultrasonography in cows not returning to estrus following insemination. 

          Jugular blood samples were collected from all cows on d 3 or 4, 9 or 10, and 15 or 16 following first insemination and allowed to clot on ice.  Samples were centrifuged at 1500 x g at 4˚C for 20 min.  Serum was collected and stored at -20˚C until analyzed for progesterone.   Additional jugular blood samples were collected during the second year of the study from 4 cows from each treatment group immediately prior to supplementation (wk 0) and at weekly intervals during the first 5 wk of supplementation.  Samples were collected into tubes containing EDTA and placed on ice.  Samples were centrifuged at 1500 x g at 4˚C for 20 min.  Plasma was harvested and stored at -20˚C until analyzed for fatty acid composition.

Progesterone Radioimmunoassay 

          Serum samples were assayed for progesterone by RIA as described by Niswender (1973).  Within and between assay CV for serum samples was 9.6 and 14.9% across two assays, respectively.  Sensitivity of the assay was 50 pg/mL.

Gas Chromatography Analysis 

           Fatty acid composition was determined by gas chromatography using an Agilent 6890 Series gas chromatograph (Wilmington, DE) fixed with a 6B90 series injector and flame ionization detector. The instrument was equipped with a 100-m x .25 mm (i.d.) fused silica capillary column (SPTM-2560 Supelco Inc. Bellefonte, PA). Fatty acid methyl ester preparations were injected (1 µL) using the split mode. The carrier gas was helium, and the split ratio was 100:1 at 180°C. The oven temperature was programmed from an initial temperature of 140°C (0 min) to a final temperature of 225°C at the rate of 2.8°C/min. The final temperature was held for 18 min. Chromatographs were recorded with a computing integrator (ChemStation Plus chromatograph manager, Agilent Technologies). Standard fatty acid methyl ester mixtures were used to calibrate the gas chromatograph system using reference standards KEL-FIM-FAME-5 (Matreya Inc., PA). Identification of the fatty acids was made by comparing the relative retention times of fatty acid methyl ester peaks from samples with those of standards. These were calculated as normalized area percentages of fatty acids.

Statistical Analysis

          The effect of supplementation on body weight and body condition was analyzed using the PROC MIXED procedure of SAS (1990).  The statistical model included treatment, pen, cow, year, all interactions, and residual error.  Treatment within pen x year was considered a random variable.  The effect of supplementation on serum progesterone concentration was analyzed using the PROC MIXED procedure of SAS with repeated measures.  The statistical model included treatment, pen, cow, year, day post-insemination, all interactions, and residual error.  Treatment within pen x year was considered a random variable in the model.  The effect of supplementation on total weight percentage of omega-3 fatty acid was analyzed using the PROC MIXED procedure of SAS with repeated measures.  The statistical model included treatment, cow, week, and all interactions.  First service conception rate and overall pregnancy rates were analyzed using the CATMOD procedure of SAS.  

Results and Discussion

          Initial and ending body weight and body condition scores did not differ between treatment groups (P >.15; Fig.1 and 2).  This would indicate that diets were isocaloric and isonitrogenous and that any increase in fertility may be attributed to fishmeal supplementation.

          First service conception rates were 15% higher (P = .14) in cows supplemented with fishmeal (Fig. 3).  These data are in agreement with other studies where fishmeal supplementation increases conception rates by 8-20% in lactating dairy cows (Bruckental, et al., 1989; Armstrong et al., 1990; Burke et al., 1996). Overall pregnancy rates did not differ between the two treatment groups (P > .15; data not shown).  

          The mechanism by which fishmeal increases fertility remains unknown.  It has been shown in several studies that lipid supplementation increases serum progesterone concentration (Carrol et al., 1990; Lucy et al., 1992; Hawkins et al., 1995).  In the present study, however, serum progesterone concentration at days 3 or 4, 9 or 10 and 15 or 16 following artificial insemination did not differ between treatment groups (P > .15; Fig. 4).  The increase in fertility may have been due to the omega-3 fatty acids found in the fishmeal.  

          Omega-3 fatty acids have been shown to decrease prostaglandin synthesis (Smith and Marnett, 1991). In a previous study, we have shown that fishmeal supplementation results in an increase in plasma and endometrial EPA and DHA (Burns et al., 2000).  In the present study, plasma EPA was maintained and DHA increased in animals supplemented with fishmeal, whereas plasma EPA decreased during the first 2 wk in cows supplemented with corn gluten meal (P < .05; Figure 5).      

          The decrease in EPA in cows supplemented with corn gluten meal was surprising.  Prior to the start of the study, cows were on pasture and grass can be high in (-linolenic acid.  Alpha-linolenic acid then can be used as the substrate to generate EPA (Fokkema, et al., 2000).  Corn silage is much lower in (-linolenic acid, and therefore, less substrate is available to synthesize EPA, thus resulting in a decrease in plasma EPA during the first 2 wk of supplementation. 

          In conclusion, fishmeal supplementation tends to increase first service conception rates.  Further research is required to determine if fishmeal supplementation increases fertility in lactating, primiparous cows grazing pasture.

Implications

          Fishmeal supplementation may be an effective means for increasing first service conception rates in lactating, primiparous beef cows.  The omega-3 fatty acids in fishmeal may block the synthesis of prostaglandin F2 during maternal recognition of pregnancy.
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Figure 3.  Effect of fishmeal supplementation on first service conception rate.  Fishmeal supplementation tended to increase first service conception rates (P = .14).





Figure 4.  Effect of fishmeal supplementation on serum progesterone concentration.  No difference was observed between treatment groups on progesterone concentration on d 3 or 4, 9 or 10, and 15 or 16 following first insemination (P > .15).
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Figure 1.  Effect of fishmeal supplementation on body condition score.  No difference was observed between treatment groups on initial (prior to start of feeding period) and ending (end of breeding season) body condition score (P > .15).
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Table 1.  Ingredients and calculated chemical composition of experimental diets





Composition�
Control Diet�
Fishmeal Diet�
�
�
�
�
�
Item DM (kg)�
�
�
�
     Cracked Corn�
3.2�
3.2�
�
     Corn Silage�
7.4�
7.7�
�
     Urea�
.1�
.1�
�
     Corn Gluten Meal�
1.0�
…�
�
     Fishmeal�
…�
.6�
�
     Mineral�
.1�
.1�
�
Chemical�
�
�
�
     DM Intake (kg)�
11.8�
11.7�
�
     ME (Mcal/kg)�
.53�
.54�
�
     NEm (Mcal/kg)�
.35�
.35�
�
     NEg (Mcal/kg)�
.22�
.22�
�
     CP (% of DM)�
14.9�
14.8�
�
     DIP (% of CP)�
64.9�
63.9�
�
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Figure 5.  Effects of fishmeal supplementation on plasma DHA (A) and EPA (B). * Within week,  P < .05.
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Figure 2.  Effects of fishmeal supplementation on body weight.  No difference was observed between treatment groups on initial (prior to start of feeding period) or ending (end of breeding season) on body weight (P > .15).








