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Abstract 

 

Multiple studies have shown improvements in livestock performance as a result of 

polyunsaturated fatty acid (PUFA) or monounsaturated fatty acid (MUFA) supplementation, as 

well as an effect on fetal programming of offspring. In sheep, it has been observed that PUFA 

supplementation during late gestation has been shown to effect offspring growth; however, little 

is known about how different energy supplementation levels during growing stages could impact 

glucose metabolism. This research was conducted to evaluate the performance effects on glucose 

metabolism and growth rate in fetal programmed lambs fed on different energy intake programs. 

Fifty days before their expected lambing day, 100 pregnant ewes (50 per treatment, allotted in 10 

ewes per pen) were supplemented with either 1% of their dry matter intake with calcium salts of 

MUFA or 1% of their dry matter intake with calcium salts of PUFA. From lambing to weaning 

all the ewes and lambs were housed and managed together. After weaning, a group of 60 wether 

lambs were randomly assigned to one of four treatments: Dam supplemented with MUFA and 

lamb fed ad-libitum diet, dam supplemented with MUFA and lamb offered an 85% feed 

restricted diet, dam supplemented with PUFA and lamb fed ad-libitum diet, and dam 

supplemented with PUFA and lamb offered an 85% feed restricted diet. On day 35-45 after 

weaning, 24 lambs were randomly selected to conduct a glucose tolerance test. Ewe and lamb 

performance, plasma glucose, and insulin concentrations were analyzed as a randomized 

complete block design with a repeated measurement procedure (SAS 9.4) considering a 22 

factorial (dam supplementation and feed intake level). Ewe supplementation in late gestation 

with fatty acids did not have an impact on ewe nor lamb performance. Fetal programming had no 

effect on plasma glucose concentrations nor insulin concentrations. There was an interaction (P < 

0.05) between feed intake group (restricted vs ad libitum) and time on plasma insulin 
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concentration. As time increased, insulin concentrations also increased from 2 to 15 minutes 

after glucose administration until decreasing to concentrations that were observed before the 

administration. These results may have been impacted by COVID-19 restrictions, which did not 

allow for fatty acid supplementation of the ewes to be carried out through lambing. Further 

experimentation needs to be completed to understand the importance of supplementing ewes 

with fatty acids during different stages of gestation and the lasting effect on the lambs’ glucose 

metabolism.  

 

Introduction 

 

 Livestock producers are always looking for new ways to help continuously improve the 

growth rates and overall performance of their animals. In addition, producers are interested in 

ways to cut down on feeding costs, producing more feed efficient livestock. Studies have shown 

that polyunsaturated fatty acids (PUFA) are effective in improving performance (Lopes et al., 

2009). In ruminants, it is suggested that maternal nutrition alters energy metabolism, muscle 

development, and body composition of the offspring (Du et al., 2010). Furthermore, in sheep, 

fatty acid supplementation during gestation and lactation has been shown to effect offspring 

growth (Capper et al., 2006, 2007). Despite how much is known about the role of fatty acids in 

performance, there is little information on how fatty acid supplementation could impact feed 

efficiency and glucose metabolism. 

Fetal programming is the process by which a maternal stimulus is introduced during 

critical stages of pregnancy, having a livelong impact on the fetus (Godfrey and Barker, 2001). 

Fatty acids may have fetal programming effects when supplemented during gestation because 

maternal supplementation alters the fatty acids that are transferred to the fetus (Noble et al., 
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1978; Garcia et al., 2014a). Current research in sheep, focused more on the effects fetal 

programming has on growth rates and feed efficiency, has shown that dam supplementation of 

fatty acids during late gestation produces an increase in growth rate on the offspring, regardless 

of finishing diet (Carranza Martin et al., 2018). Additionally, the study found that PUFA 

supplemented offspring grew at a greater rate than that of the monounsaturated fatty acid 

(MUFA) supplemented offspring. 

Based on the previous results, I hypothesize that regardless of being fed on an ad libitum 

diet or on an 85% restricted diet, wethers born from ewes supplemented with PUFAs during 

gestation will grow at a greater rate than wethers born from ewes supplemented with MUFAs. In 

addition, PUFA supplemented wethers on the restricted diet will have an improved glucose 

metabolism compared to PUFA supplemented lambs on the ad libitum diet, as well as the MUFA 

supplemented wethers on both the ad libitum and restricted diets.  

 

Materials and Methods 

 This study was conducted at the Sheep Center of the Ohio Agricultural Research and 

Development Center, Wooster, Ohio. All procedures involving animals were approved by The 

Ohio State University Institutional Animal Care and Use Committee (IACUC 

#2019A00000001). One hundred pregnant ewes were divided into 10 pens of 10 ewes per pen 

(blocked by singles or multiple pregnancy). Pens within each block were randomly assigned to 

the different treatments: 1) MUFA supplementation (n = 5 pens), these ewes were supplemented 

with 1% of their dry matter intake with calcium salts of monounsaturated fatty acids (EnerGII, 

Virtus Nutrition) (Table 1); 2) PUFA supplementation (n = 5 pens), these ewes were 

supplemented with 1% of their dry matter intake with calcium salts of polyunsaturated fatty acids 



 6 

(Strata G113, Virtus Nutrition) (Table 1). Ewes received this supplement along with a diet (Table 

2) that met the NRC (2007) requirements for ewes in late gestation. The fatty acid 

supplementation started 50 days prior to their expected lambing day. The target day to finishing 

the supplementation was at lambing, but due to COVID-19 restrictions, supplementation finished 

15 ( 8) days before lambing. At that time, the supplementation was discontinued, and all ewes 

were moved to a common pen, where they received the same diet until weaning. 

 After weaning, the wethers were fed a finishing diet (Table 2). Wethers were blocked by 

lambing day and body weight, and placed in pens of 2-3 lambs per pen; 6 pens per treatment. 

The treatments were redistributed in a 22 factorial system. The main factors were dam 

supplementation and dry matter intake (DMI) amount during the finishing period. The treatments 

were as follows: 1) Dam supplemented with MUFA and lamb fed ad-libitum DMI (MUFA-A); 

2) Dam supplemented with MUFA and lamb offered an 85% feed restricted diet (MUFA-R); 3) 

Dam supplemented with PUFA and lamb fed ad-libitum DMI (PUFA-A); 4) Dam supplemented 

with PUFA and lamb offered an 85% feed restricted diet (PUFA-R) (Figure 1). The DMI of the 

ad-libitum groups were measured daily, and the amount of feed offered to the feed-restricted 

groups was determined based on the DMI of the MUFA-A lambs.  

 At the start of the finishing phase, and 21 and 42 days after that, wethers were weighed 

and blood sampled (taken from the jugular vein). On day 43 of the finishing phase, a wether per 

pen was randomly selected to conduct a glucose tolerance test (GTT)> Lambs were removed 

from feed 24 hours before the GTT and 2 hours later, catheters (JorVet extended use catheter, 

16g x 3.0, MWI Animal Health) were placed in the jugular vein of each lamb using aseptic 

procedures. Lambs were restrained, their neck was sheared, and the right side was rinsed with 

70% (vol/vol) ethyl alcohol, scrubbed with surgical soap, and rinsed again with ethyl alcohol. 
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Under local anesthesia, an incision of approximately 2 cm was made over the jugular vein with a 

sterile scalpel. The catheter was placed, and surgical glue and suture was used to stabilize it. 

Vetrap bandages were used to protect the catheter and keep it in place. Lambs were then placed 

into individual pens overnight to recover.  

On GTT day (44 days after starting finishing diet), lambs were weighed 30 minutes 

before glucose administration to determine bolus size (0.25g of glucose/kg of BW in a 50% 

wt/vol dextrose solution). Blood samples were collected 5 minutes prior to glucose 

administration (-5 min) and at 2, 5, 10, 15, 20, 30, 60, and 90 minutes after glucose 

administration. Before each blood sample was collected, 1 mL of blood was collected in a 

syringe to clear the catheter; and after the blood collection, 1 mL of heparin solution was inserted 

into the catheter. Blood samples (10mL) were taken and were transferred into 14 mL 

polypropylene tubes that contained solutions of disodium EDTA and benzamidine HCL (to 

measure plasma glucose and insulin concentration). The tubes were immediately placed in ice 

and centrifuged within 30 minutes of collection. Samples were centrifuged for 25 min at 1,800 x 

g and 4 °C, plasma from disodium EDTA and benzamidine HCL tubes was aliquoted and stored 

in four 1.5 mL micro polypropylene tubes with snap caps at -80 °C until analyzed for glucose 

and insulin.  

Ewe and lamb performance, plasma glucose and insulin concentration were analyzed as a 

randomized complete block design with a repeated measurement procedure (SAS 9.4). The 

model considered the fixed effects of fatty acid supplementation, DMI level, time, and their 

interaction, and the random effects blocks and pen within blocks.   
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Results and Discussion 

Lamb performance 

Fatty acid supplementation did not have any effect on the lambs’ growth, an unexpected 

outcome based off on previous fetal programming experiments (Carranza-Martin et al., 2018; 

Nickles et al., 2019). This could be explained by the sudden stop in fatty acid supplementation 

before lambing due to initial COVID-19 restrictions that were set in place in March of 2020; 

therefore, it is possible that the PUFA supplementation was unable to have an effect on fetal 

programming since the treatment could not be completed until lambing. There were no 

significant differences in average daily gain (ADG), with the MUFA-A group having an ADG of 

0.374 kg/d, the MUFA-R group having an ADG of 0.324 kg/d, the PUFA-A group having an 

ADG of 0.351 kg/d, and the PUFA-R group having an ADG of 0.325 kg/day. This data, in 

addition to the rest of the growth data (Table 3) does not correspond with the hypothesis nor the 

expected outcomes. It was hypothesized that lambs born from PUFA supplemented ewes would 

grow at a greater rate than lambs born from MUFA supplemented ewes, expecting there to be a 

0.05 – 0.10 kg advantage in ADG in favor of the lambs born PUFA supplemented ewes 

(Carranza Martin et al., 2018; Marques et al., 2017).  

Glucose tolerance test 

 Plasma glucose concentrations also did not show any significant differences 

corresponding with the MUFA and PUFA supplementation (P  0.46; Figure 2). However, there 

was a time effect for glucose concentrations during the GTT (Figure 2); plasma glucose 

concentrations increased 2 minutes after the administration of the glucose bolus, then decreased 

from 5 to 90 minutes after the bolus administration (Figure 2). Plasma insulin concentrations did 

not show any effect with fatty acid supplementation (P  0.89). However, there was a feed 
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(restricted vs ad libitum) and time effect (Figure 3; P  0.0013). Lambs from the MUFA-A group 

showed an increase in insulin concentration from 2 to 10 minutes after the glucose 

administration, having a maximum concentration of 108.72 μU/mL at 10 minutes (Figure 3). 

This is followed by a period of decreasing concentration until insulin concentrations increased 

again from 30 to 60 minutes after administration (Figure 3). Lambs from the MUFA-R group 

showed an increase in insulin concentration from 2 to 15 minutes after the glucose 

administration, having a maximum concentration of 107.61 μU/mL at 15 minutes (Figure 3). 

After this maximum, insulin concentrations continuously decreased for the rest of the GTT, 

nearly returning to the insulin concentration at -5 minutes (Figure 3). Lambs from the PUFA-A 

group showed an increase in insulin concentration from 2 to 10 minutes after the glucose 

administration, having a maximum concentration of 93.33 μU/mL at 10 minutes (Figure 3). After 

this maximum, insulin concentrations continuously decreased for the rest of the GTT, until 

slightly increasing again at 90 minutes after administration (Figure 3). Lambs from the PUFA-R 

group showed an increase in insulin concentration from 2 to 10 minutes after the glucose 

administration, having a maximum concentration of 138.43 μU/mL at 10 minutes (Figure 3). 

Following this maximum, insulin concentrations decreased until increasing at 60 minutes after 

administration (Figure 3).  

 In conclusion, ewe supplementation in late gestation with fatty acids did not have an 

impact on ewe nor lamb performance. Fetal programming had no effect on plasma glucose 

concentrations nor insulin concentrations. There was an interaction between dry matter intake 

level (restricted vs ad libitum), time, and plasma insulin concentration during the GTT. As time 

increased, insulin concentrations increase from 2 to 15 minutes after glucose administration and 

then decrease until returning to concentrations that were observed before the administration. 
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Previous studies in sheep evaluating the effect of maternal nutrition showed changes in glucose 

metabolism of the offspring (Gardner et al., 2005; Ford et al., 2007; Radunz et al., 2011), thus 

these results do not correspond with the hypothesis and expected outcomes.  These results may 

have been impacted by the sudden COVID-19 restrictions that did not allow for fatty acid 

supplementation of the ewes to be carried out through lambing. Further experimentation needs to 

be completed to understand the importance of supplementing ewes with fatty acids until lambing 

and the lasting effect on the lambs’ glucose metabolism.  
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Tables and Figures 

Table 1. Diet composition of 1% MUFA or PUFA supplemented feed for pregnant ewes during 

the last 50 days of gestation. Fed at 2.294 lbs dry matter per ewe per day. 

Ingredient Percentage of diet 

                  MUFA                                         PUFA 

Ground corn 17.270 17.270 

Soyhulls 59.959 59.959 

Limestone 0.927 0.927 

DDGS1 19.549 19.549 

Vitaferm Concept-Aid Sheep 

(BioZyme)2 

 

0.340 

 

0.340 

Strata G113  1.955 

EnerGII 1.955  

1DDGS = Distiller’s dried grains with solubles. 
2Mineral supplement contains 15.5% Ca, 5% P, 16% NaCl, 4% Mg, 2% K, 10ppm Co, 70ppm I, 

2850 ppm Mn, 16.4 ppm Se, 2500 ppm Zn, 130000 IU/kg vitamin A, 7500 IU/kg vitamin D3, 

550 IU/kg vitamin E. 
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Table 2. Diet composition of finishing diet fed to lambs after weaning. 

Ingredient Percentage of diet (DM basis) 

Ground corn 61.090 

Soy hulls 24.085 

Soybean meal 11.085 

Urea 0.438 

EnerGII 1.478 

Limestone 0.877 

Trace mineral salt 0.438 

Vitamin A-30 0.009 

Vitamin D-3 0.009 

Vitamin E 0.044 

Selenium 0.085 

Bovatec 91 0.011 

Ammonium Chloride 0.351 
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Figure 1. Experimental design. Pregnant ewes will receive the treatment diets, mono- (MUFA) 

or polyunsaturated fatty acids (PUFA), during the last third of gestation. At weaning, lambs 

will be allocated to an ad-libitum (A) or 85% feed restricted (R) diet in a 2x2 factorial 

arrangement of treatments. During early and middle gestation as well as during the weaning 

phase all the animals will receive the same diet. 
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Table 3. Body weight (iBW and fBW), dry matter intake (DMI), and average daily gain (ADG) 

of lambs born to ewes supplemented with either MUFA or PUFA and then fed an ad-libitum or 

restricted finishing diets. 

 MUFA PUFA 
SEM 

    

 Ad-L Res Ad-L Res LS Intake LS x I Day x I 

iBW 33.5 31.4 33.3 31.9 1.48 
0.99 0.08 0.61 0.04 

fBW 49.2a 45.0b 48.1ab 45.6 ab 1.44 

DMI 1.53 1.31 1.49 1.32 0.044 0.67 < 0.01 0.40 0.46 

ADG 0.374 0.324 0.351 0.325 0.0148 0.47 0.02 0.46 0.72 

G:F 0.250 0.251 0.245 0.253 0.0104 0.92 0.69 0.72 0.69 
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Figure 2: Plasma glucose concentrations during the glucose tolerance test on finishing lambs 

born from dams fed a fatty acid supplemented diet during the last 50 days of gestation. 
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Figure 3: Effect of time and diet type during the glucose tolerance test on plasma insulin 

concentration on finishing lambs born from dams fed a fatty acid supplemented diet during the 

last 50 days of gestation. 
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