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Abstract
The effects of fat (F), protein (PR), and fat enriched protein (FP) soybean-based supplements on growth 

performance and muscle fatty acid profile of lambs were investigated. Thirty-three lambs (19.71 ± 1.74 kg) were 
randomly assigned to receive one of three supplements for the final 29 days of an 81-day stay on mixed pastures 
and then for an additional 39 days finishing period on drylots. During this latter period, lambs were fed orchard grass 
and alfalfa hay (1:1) along with the supplement. At the end of the study overall ADG, HCW and the fatty acid profile 
of lamb muscle were determined for 3 lambs in each treatment group. The quantity and quality of forage available 
to lambs while on pasture and accessibility to that forage ere similar across treatments. The average quantity of 
supplement and hay consumed daily was above 80% of what was offered and was similar across treatments. Daily 
gains of lambs after 29 days supplementation while on pasture differed (F=0.30, PR=0.22, FP=0.27 ± 0.02 kg/d, 
P=0.05). During the first 2 weeks in the drylot, ADG differed amongst treatments (F= - 0.05, PR=0.23, FP= 0.11 ± 
0.05 kg/d, P<0.01). Overall, ADG of lambs, and HCW of lambs were similar across treatments (P>0.05), but dressing 
percentage tended to be higher in PR than in F and FP wethers (46.62, 44.27 and 43.85 ± 0.76%, P=0.08). The 
SFA: UFA of lamb muscle was lower in the F and FP than in PR treatments (0.98 vs. 1.38 and 1.22 ± 0.07, P=0.02). 
Feeding of soybean based non-commercial fat supplements achieved targeted increases in average daily gains in 
high forage fed lambs and influenced fatty acid profile of lamb muscle.

Keywords: Fat; Protein; Feed; Ruminant tissue development

Abbreviations: ADG: Average Daily Gain; HCW: Hot Carcass 
Weight; SFA: Saturated Fatty Acids; UFA: Unsaturated Fatty Acids; kg: 
Kilograms; d: Days.

Introduction
Profitable lamb muscle food production demands that producers 

limit the cost of producing each pound of lamb. Feed cost can contribute 
as much as 75% of the overall production cost for a lamb producer 
operation and when possible, producers can effectively reduce their 
overall cost of production by feeding higher quantities of high quality 
pasture or forage to develop lambs to market weight [1]. Forage finished 
lambs are leaner, have higher content of CLA; conjugated linoleic acid 
[2,3] which is purported to affect human health [4]. However, average 
daily gains in forage finished lambs is usually lower than in lambs 
finished on high grain diets [5,6]. The use of supplemental protein or 
high calorie rations for grazing lambs can enhance the provision of their 
daily nutrient requirements and increase growth rates during periods of 
insufficient forage availability [7,8]. As such, fat supplements ostensibly 
offered as protein supplements have been used to increase average daily 
gain by increasing the energy density of high forage diets that are fed to 
ruminants [9], including lambs. In addition, fat supplementation can 
effectively alter fatty acid composition of ruminant muscle and adipose 
tissue thus, effectively altering the nutritional value of these ruminant 
food products [10,11]. Consequently, the development of inexpensive 
non-commercial supplements which effectively synchronize protein and 
energy nutrient availability and enhance lamb growth performance for 
high forage fed lambs offers small scale producers increased opportunity 
to become profitable [12]. However, the absolute need for synchronized 
nutrient availability is debatable and the inclusion of protein typically 
inflates the cost of supplements. Attainment of increases in average 
daily gains and enhanced muscle fatty acid profile by feeding of low 
levels of supplemental fat with relatively low protein value to high forage 
fed (≥ 90% of estimated daily intake) ruminants has not been widely 

reported. In particular, reports wherein the low-level fat supplements 
are fed once per day at a time when adverse effects of supplementation 
on digestive functions are minimized are sparse. This sparsity of reports 
exists, despite early research reports which indicate effects of time of 
supplementation of energy [13], protein [14,15], and amino acid [16,17] 
on ruminal digestive function. In addition, a preponderance of reports 
[18-26] provide significant evidence of researchers’ awareness of the 
time effect and possibly modifying the time of feeding fat supplements 
to facilitate sufficient consumption of low, medium and high levels of 
rumen active fats to enhance rumen food product fatty acid profile, 
while avoiding associated adverse effects on ruminal fermentation. The 
practical use of feeding strategies which rely on feeding several times 
per day is often limited to small producers, time consuming and not 
sustainable. Nevertheless, development and use of relatively cheap 
non-commercial fat supplements could present small producers with 
great opportunities for achieving targeted increases in average daily 
gains in high forage fed lambs. Therefore, we investigated the growth 
performance of high forage finished lambs that were fed fat, protein or 
fat enriched protein supplements, wherein supplements were fed once 
per day at a time when adverse effects of supplementation on digestive 
functions are arguably minimized. The effects of supplement type on 
lamb muscle fatty acid profile were also determined.
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Materials and Methods
Animals, diets and growth performance

The first stage of the experiment was conducted at the Reedsville 
Experimental Farm located in Preston County, WV. Three well-
established permanent pastures, consisting of Kentucky bluegrass 
(Poa pratensis L.), orchardgrass (Dactilis glomerata L.), white clover 
(Trifolium repens L.) and red clover (Trifolium pratense L.) were used. 
This study used thirty-three Dorset x Suffolk crossbred 3-month-
old lambs (19.71 ± 1.74 kg; Table 1, stocked at a rate of 11 (6-7 ewes 
and 3- 4 wethers) lambs per hectare of pasture. After 38 days of 
grazing, and prior to initiating supplementation (52 days), pasture 
accessibility was improved through grazing intensification and 
mechanical clipping which removed dead material, floral stems and 
promoted vegetative tillering. Lambs were blocked by sex and weight 
and then randomly allocated to receive one of three supplements (= 
treatments). Supplements were offered at 10 (F=fat and PR=protein), 
and 13% (FP=fat enriched protein) of estimated daily dry matter 
intake (4.3% BW) based on recommendations [27] for 30 kg lambs 
finishing at 40 kg. The Fat supplement (F) consisted of 70% soybean 
hull and 30% soybean oil. The protein supplement (PR) consisted of 
49.99% soybean hull and 49.99% soybean meal. The fat and protein 
supplement (FP) consisted of 23.00% soybean oil, 38.64% soybean hull 
and 38.64% soybean meal. Supplements FP and PR were designed to 
provide equally higher crude protein than supplement F. Supplements 
FP and F (30% soybean oil and 70% soybean hull) were designed to 
provide equally higher fat content than supplement PR. Prior to the 
supplementation period; lambs accessed a fresh supply of water and 

were provided with mixed minerals daily. During the supplementation 
period minerals were mixed into the supplements which were offered at 
1600 h throughout the trial along with continued access to fresh supply 
of water. Supplements were offered for the final 29 d of an 81 day stay 
on mixed pastures. During the period of supplementation on pasture, 
herbage mass, herbage accumulation rate, botanical composition and 
forage quality were ascertained [28] for each experimental plot.

The second stage of the experiment was conducted at the Livestock 
Experimental Farm located in Monongalia County, WV. When lambs 
were 5 months old they were transferred to 3 separate drylot pens, 
provided with a 1:1 mixture of alfalfa and orchard grass hay together 
with previously prescribed supplements, and a fresh supply of water. 
Supplements were offered at 1600 h for each day of a 39 days period, 
at the end of which a final dry lot finishing weight was taken. While in 
dry lot s, lambs were offered hay at a minimum of 4% of their average 
flock BW to meet the needs of 40 kg lambs finishing at 50 kg [27]. 
Daily hay refusals were weighed, and these measurements were used 
to adjust the quantity of hay that was fed to lambs. Supplements were 
offered at 10 (F and PR), and 13% (FP) of daily hay allotments. Initial 
bodyweights were determined by averaging the weight of lambs taken 
on two consecutive days at the start of the study. In addition, lambs 
were weighed every two weeks throughout the grazing and drylot 
periods. Average daily gains for all lambs were determined for the first 
52 days (P0) of the grazing period, and at 14 (P14) and 29 (P29) days 
after beginning supplementation during pasture grazing. Similarly, 
lamb’s average daily gains at 43, 57 and 68 days (P43, P57 and P68) 
after beginning supplementation were determined while the lambs 
were on drylots.

Forage analysis

Pasture forage samples were taken daily on 5 days during each 
week of the final three weeks of supplementation between 1300 h 
and 1400 h. Samples were obtained by observing lambs as they were 
grazing and then clipping samples from potential grazing areas. 
Clipped samples were placed in paper bags, weighed and then freeze 
dried to a constant weight, and allowed to air-equilibrate. Dry matter 
was then determined from the differences in sample weight pre and 
post drying. Samples were ground in a Wiley Mill (Thomas Scientific, 
Swedesboro, NJ) through a 1-mm screen, and stored in plastic bags. 
Pasture composite samples were made for each sampling period by 
combining an equal weight of ground sample from each of the five-
day samples taken within a pasture plot. Weekly supplement samples 
were taken during the grazing trial and composited. The composite 
forage and supplement samples were then analyzed in duplicate for 
organic matter (OM), crude protein (CP), neutral detergent fiber 
(NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), and 
ether extract (EE) content. Organic matter was measured as weight loss 
following combustion for 8 h at 500°C. Crude protein concentration 
was determined by use the Kjeldahl method. Concentrations of ash-
free NDF, ADF, and ADL were determined using an Ankom 200 fiber 
analyzer (Ankom Technology Corp., Fairport, NY). Ether extract was 
determined following extraction of a 1 g sample with diethyl ether 
for 18 h [29]. Weekly hay and supplement samples were taken and 
composited. Samples were dried in a 55°C forced-air oven, and ground 
(Wiley mill; Thomas Scientific, Swedensboro, NJ) to pass through 
a 1-mm screen. Composite hay and supplement samples were then 
analyzed identically to pasture composite samples.

Feeding performance in pasture and drylot

Feeding performance data was recorded for descriptive purposes. 

Supplemental treatments

Variables Fat Protein Fat and
protein ± SE P-value

Pasture (81 days)
n 11 11 11

Initial weight (kg) 20.16 19.42 19.54 1.74 0.95
Weight at start of

supplementation (kg) 31.08 30.34 32.02 1.64 0.86

ADG (52 days) before starting
supplementation (kg/d) 0.21 0.21 0.24 0.01 0.25

ADG after 29 days of
supplementation (kg/d) 0.36 0.09 0.41 0.02 0.05

Final weight (kg) 39.66 36.69 38.50 2.07 0.60
ADG* (kg/d) 0.24 0.21 0.25 0.01 0.16

Drylot (39 days)
n 11 11 11

ADG during 1st two weeks

(kg/d)
-0.05b 0.23a 0.11a 0.05 0.003

Final weight (kg) 41.81 41.06 41.77 1.99 0.96
ADG† (kg/d) 0.07 0.14 0.10 0.03 0.31

TADG‡ (kg/lamb/d) 0.16 0.15 0.16 0.01 0.83
Carcass Data

n 3 3 3
Hot weight (kg) 22.22 22.83 20.26 1.69 0.57

Dressing Percentage (%) 44.27 46.62 43.85 0.76 0.08
*ADG- Overall ADG determined for entire 81 days duration (52 days without and 29 
days with supplementation).
†ADG- ADG determined for entire 39 days duration of supplementation on drylots.
‡TADG- Overall ADG determined for entire 68 days duration of supplementation 
while on pasture (29 days) and drylots (39 days).
₰a, b Within a row means without a common superscript letter differ (P< 0.05).
Table 1: Growth performance of lambs (on pasture and in drylots) and Carcass 
data for slaughtered lambs.
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Refused supplement was weighed and the total quantity of supplement 
consumed each day was determined for 22 d during the grazing trial. 
The quantity of hay and supplement consumed throughout the dry lot 
finishing period was determined and the data for 22 d of the final 29 d 
of the finishing period was recorded.

Tissue collection and fatty acid determination
Following the sacrifice of the three heaviest lambs in each treatment 

group (Young and Stout, Clarksburgh WV) hot carcass weight (HCW) 
was recorded before chilling the carcass at 4°C. Dressing percentage 
(DP) was determined based on the final weight at the end of P68. 
Longissimus dorsi muscle samples were harvested between the 10th and 
12th rib immediately after the lambs were slaughtered to determine fatty 
acid profiles of lamb muscle. Muscle tissue samples were immersed 
in liquid nitrogen and then ground to a fine powder using a waving 
blender (Fred Stein Laboratories Inc., Atchison, KS). Ground tissues 
were immediately transferred to Whirl Pak (Nasco, Modesto, CA) 
freezer bags and stored at –80°C. Tissue lipids were extracted by 
the established methods [30] and fatty acids were esterified in a 4% 
sulfuric acid and anhydrous methanol solution [31]. The method used 
by Kamireddy [32] was used to identify and quantify fatty acid methyl 
esters (FAME). Fatty acid content was measured in mg of fatty acids 
detected in 1 g samples of lamb muscle tissue.

Data Analysis
Two weeks prior to the end of the grazing trial one wether lamb 

from the FP treatment died from non-treatment related causes and 
hence data collected beyond this point was analyzed accordingly. 
Data was analyzed as a completely randomized design using the GLM 
procedures of SAS [33]. Each pasture or dry lot pen served as the sole 
experimental unit per treatment for descriptive data on botanical 
composition, herbage mass, herbage accumulation rate, and hay or 
supplement intake. The model for growth performance included effects 
due to treatment and lamb within each pasture plot or dry lot pen 
served as an experimental unit. Analyses were applied to all lambs and 
slaughtered wether lamb served as the experimental unit for carcass 
and fatty acid data. There were no adjustments made for multivariate 
analysis. 

Results
Herbage mass, growth, botanical composition and quality 

Herbage mass (F=4088.79; PR=4072.49; FP=3929.45 ± 344.07 
kg/ha) and accumulation rates (F=89.83; PR=100.26; FP=92.20 ± 
6.68 kg/ha/d) were similar amongst experimental plots. Average 
botanical composition of experimental plots during the period of 
supplementation was 56.32% grass, 5.25% legumes, 4.56% weed and 
33.87% dead material. Nutrient profile of weekly composite forage did 
not differ across treatment plots and therefore the average of all three 
plots is reported in Table 2. The nutrient profile of the pasture samples 
showed that high quality pasture was selected by all treatment groups 
throughout the supplementation periods. Hence, a homogenous high-
quality forage supply was available and selected by all treatment groups 
throughout the supplementation period during grazing of pastures. 
Nutrient profile of orchard grass and alfalfa hay samples (Table 3) also 
indicate that all lambs received high quality forage during the drylot 
feeding period.

Lamb performance

Lamb performance is shown in Table 4. While on pasture, F (0.14 
kg/d), FP (0.13 kg/d) and the PR lambs (0.18 kg/d) consumed over 

80% of their daily allotted supplement. During the period in the dry 
lot, within each treatment group lambs completely consumed the 
supplement that was offered. Similarly, the daily intake of forage was 
over 80% and similar in all treatment groups (F: 1.4 kg/d, FP: 1.45 
kg/d and PR: 1.4 kg/d) when lambs were housed on drylots. Despite 
the latter, there was a significant treatment by period interaction effect 
(P<0.05) observed for average daily gain (Figure 1).

The average daily gain (ADG) of lambs (0.22 kg/d) prior to the start 
of supplementation (P0) was similar amongst treatments (P>0.05) but 
within 2 weeks after treatment began the ADG of FP (0.12 kg/d), PR 
(0.35 kg/d) and F (0.23 kg/d) lambs declined, increased to maximum 
value (P<0.05) or was unchanged, respectively. By the 29th day (P29) 
after commencing supplementation on pasture, higher average daily 
gains (P=0.04) were observed in F (0.36 kg/d) and FP (0.41 kg/d) lambs 
than in PR (0.09 kg/d) lambs. During the first 2 weeks in the drylot 
(P43), ADG also differed amongst treatments (F= -0.05, PR=0.23, 
FP=0.11 ± 0.05 kg/d, P<0.01). Differences in ADG amongst treatment 
groups were not apparent at P57, but there was a tendency (P=0.09) 

Supplemental treatments Forage

Nutrient (%) Fat Protein Fat and
Protein

Pasture
Forage

Orchard
grass Alfalfa

Dry Matter 90.99 88.87 92.65 30.06 83.13 82.43
Organic Matter 90.32 88.02 92.88 91.49 93.69 92.09

Neutral Detergent
Fiber 55.35 38.10 32.13 44.12 70.97 42.77

Acid Detergent
Fiber 33.71 23.87 18.62 22.08 36.86 30.84

Acid Detergent
Lignin 3.63 0.30 0.07 1.63 4.38 7.30

Crude Protein 7.56 30.26 20.35 25.91 15.46 23.46
Ash 9.68 11.98 7.12 8.51 6.31 7.91

Ether Extract 29.89 1.36 33.12 4.32 2.14 1.64

Table 2: Nutrient profile of supplements, and forage used in experiment.

Supplemental treatments
Ingredient (%) Fat Protein Fat and protein

Soybean oil 30 .00 0 23.00
Soybean hull 69.99 49.99 38.64

Soybean meal 0.00 49.99 38.64
*Mixed mineral was included at equal levels in all supplemental treatments.

Table 3: Ingredient composition of supplemental treatments.*

Supplemental treatments
Fat Protein Fat and protein

Pasture
n 11 11 11

Supplement offered (kg/lamb/d) 0.16 0.16 0.20
Supplement intake (kg/lamb/d) 0.14 0.13 0.18
Percent supplement intake (%) 88.63 81.01 88.14

Drylot
n 11 11 11

Hay offered (kg/lamb/d) 1.70 1.70 1.70
Hay intake (kg/lamb/d) 1.40 1.45 1.40
Percent hay intake (%) 81.92 85.10 82.14

Supplement offered (kg/lamb/d) 0.17 0.17 0.22
Supplement intake (kg/lamb/d) 0.17 0.17 0.22
Percent supplement intake (%) 100 100 100

Table 4: Feeding performance of lambs on pasture and in drylots.
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for treatment effects at P68 where ADG of F (0.20 kg/d) lambs was 
numerically greater than that of FP (0.06 kg/d) and PR (0.06 kg/d) 
lambs. Live weight of lambs (Figure 2) in all treatment groups generally 
increased continuously throughout the period of supplementation. 
Live weight increases were more apparent between P0 to P29, beyond 
which live weight increase tapered off up until P68. Live weights were 
unaffected by treatment prior to and after P29 but live weight at P29 
was higher (P<0.05) in F (39.66 kg) and FP (39.62 kg) than in PR (36.69 
kg) treatment. In addition, the liveweight of F lambs was numerically 
higher than those of FP and PR lambs at P68. Hot carcass weight of 
slaughtered wether lambs were similar across treatments (P>0.05), 
but dressing percentage tended to differ. Fat supplemented lambs had 
lower (PR=46.62, F=44.27 and FP=43.85 ± 0.76 %: P=0.08) dressing 
percentage than lambs which received protein supplement devoid of 
fat.

Muscle fatty acid profile

The fatty acid composition of longissimus muscle is shown in Table 
5. The data illustrates the C14 to C18 fatty acids profiles, and various 
fatty acid ratios. Treatment did not affect any individual unsaturated 
and saturated fatty acids in muscle tissue except for elaidic acid. Lambs 
fed the fat supplement tended to have the highest elaidic acid content 
(F=8.95, PR=4.07 and FP=4.18 ± 1.48 mg/g P=0.10). Consequently, 
total saturated fatty acid (SFA), total unsaturated fatty acid (UFA), 
monounsaturated fatty acid (MUFA), polyunsaturated fatty acids 
(PUFA), n3 fatty acid, n6 fatty acids, and MUFA: PUFA ratio were 
unaffected by treatment. Conversely, the SFA:UFA ratio was smallest 
(P=0.02) in F (0.98) lamb muscle as compared to those of muscle tissue 
from FP (1.38) and PR (1.22) lambs. Similarly, treatment tended to 
affect (P=0.07) the n6/n3 fatty acid ratio. The n6/n3 fatty acid ratio was 
highest in fat supplemented lambs (F=3.88, PR=2.64 and FP=2.40 ± 
0.39).

Discussion
The average daily gain (ADG) of lambs in all treatments fluctuated 

throughout the 68 days supplementation period but generally declined 
as lambs approached target weights (Figure 1 and Table 6). The decline 
was most pronounced after lambs were transferred to the dry lot. 
However, the ADG (0.16 kg/d) obtained over the 68 days duration of 
supplementation in this study was within range expected for grazing 
lambs which were finished on high forage diets [27]. In the past other 
researchers [1,5] have achieved similar rates of gain when lambs were 
finished on high forage rations. In the current study grazing lambs 
initially responded positively to protein supplementation (PR lambs), 
which contrasted with a lack of response in F lambs and a negative 
response in FP lambs by P14. These responses were short lived and 
altered over the course of the following two weeks leading up to the 
end of P29. These data indicated that the synchrony of energy and 
protein nutrient supply affected lamb growth performance. Indeed, 
[12] alluded to the occurrence of synergistic effects of supplemental 
energy and protein on the enhancement of animal performance in 
forage fed ruminants. The influence of a multitude of factors, including 
the forage supplement matrix interaction [34] and the negative effects 
of nutrient synchrony [12] on the enhancement of animal performance 
has been noted. The extent to which lambs substituted supplement for 
forage intake and digestion was not determined in the current study. 
Perceivably such substitution did occur, and likely impacted the lamb’s 
daily metabolizable energy intake, protein utilization and animal 
growth performance as has been reported by others [12,35]. 

In contrast, when lambs were transferred to drylots and fed 
measured amounts of hay, growth performances during the initial two 
weeks was affected by treatment and there was a tendency for treatment 
effects in the final two weeks on drylots. Descriptive data in Table 4 
suggest that both hay and supplement consumption were similar 

P0, P14, P29, P43, P57, P68 refer to 0, 14th, 29th, 43rd, 57th, and 68th days post initiation of supplementation.
Figure 1: Average daily gain (kg/day) of lambs supplemented with fat (♦, n = 3), protein (■, n = 3) or fat enriched protein (▲, n = 3) supplement.
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across treatments. Therefore, the effects of treatment on lamb growth 
performance that were observed could be attributable to differences in 
the nutrient content of the supplements and differences in the extent 
to which supplements improved the synchrony of energy and protein 
nutrients supply to lambs. 

Thus, changes in lamb live weights (Figure 2) were reflective of 
the fluctuating ADG as influenced by the lamb management strategy, 
especially the type of supplement they received. Indeed, live-weight 
of fat supplemented lambs (F, FP) approached maximum values 
after 29 days of supplementation on pasture and seemed to flat line 
throughout the drylot rearing period. Similarly, the lambs that were 
supplemented with protein (PR) attained peak weights after 43 days 
of supplementation, but live weight flat lined beyond this point, 
suggesting that there was no real benefit to be derived from supplying 
supplemental protein beyond this stage. Conversely, these contrasting 
patterns of live weight changes might exemplify the responsiveness of 
high forage finished lambs at this stage of physiological development to 
a fat supplement under this type of management system. Indeed, the F 
lambs’ longissimus muscle had lower SFA:UFA ratios and tendencies 
for higher elaidic acid content, and n6/n3 ratio, all indicative of 

P0, P14, P29, P43, P57, P68 refer to 0, 14th, 29th, 43rd, 57th, and 68th days post initiation of supplementation.
Figure 2: Liveweight (kg) of lambs supplemented with fat (♦, n=3), protein (■, n=3) or fat enriched protein (▲, n=3) supplement.

Treatments

Fatty acid (mg/g) Fat
(n = 3)

Protein 
(n = 3)

Fat and
protein (n 

= 3)
± SE P- value

n 3 3 3
Myristic 0.95 1.22 1.12 0.27 0.77

Myristoleic - - - - -
Pentadecanoic 0.28 0.31 0.40 0.06 0.44

cis-10-Pentadecanoic - - - - -
Palmitic 9.53 10.09 11.18 1.78 0.81

Palmitoleic 0.78 0.73 0.78 0.18 0.98
Heptadecanoic 1.58 0.75 0.90 0.49 0.49

cis-10-Heptadecanoic 0.10 0.18 0.13 0.05 0.59
Stearic 9.84 10.12 14.20 1.68 0.20
Elaidic 8.95 4.07 4.18 1.48 0.10
Oleic 10.66 11.95 12.74 2.17 0.80

Linolelaidic 0.12 0.12 0.13 0.03 0.98
Linoleic 1.96 1.39 1.61 0.34 0.52

γ -Linolenic - - - - -
Linolenic 0.53 0.55 0.73 0.10 0.35
Saturated 22.18 22.48 27.80 3.56 0.50

Unsaturated (UFA) 23.10 18.98 20.29 3.59 0.72
MUFA 20.48 16.93 17.83 3.16 0.72
PUFA 2.62 2.05 2.46 0.46 0.68

n6 2.08 1.50 1.74 0.37 0.58
n3 0.53 0.55 0.73 0.10 0.35

Fatty acid ratios
SFA/UFA 0.98a 1.22b 1.38b 0.07 0.02

MUFA/PUFA 7.82 8.25 7.23 0.55 0.29
n6/n3 3.88 2.64 2.40 0.39 0.07

PUFA/SFA 0.12 0.09 0.09 0.01 0.21
*a, b within a row means without a common superscript letter differ (P< 0.05)

Table 5: Fatty acid profile of longissimus muscle harvested from wethers.

Supplemental treatments
Periods Fat Protein Fat and protein ± SE P-value

n 11 11 11
P0 0.21 0.21 0.24

P14 0.23 0.35 0.12
P29 0.36 0.09 0.41
P43 0.05 0.23 0.11
P57 0.02 -0.03 0.01
P68 0.20 0.06 0.06

P0, P14, P29, P43, P57, P68 refer to ADG at 0, 14th, 29th, 43rd, 57th, and 68th days 
post initiation of supplementation.

Table 6: Biweekly average daily gains of lambs.
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supplemental fat treatment effects on body tissue growth and final 
composition. 

The effects of ruminal digestive activity, rates of daily gain and 
duration of finishing in dry lot on muscle fatty acid profile of lambs 
fed fat supplements has been previously emphasized [6] and similar 
effects might have been existent in this study. Furthermore, even 
though dressing percentage tended to be generally low relative to the 
values that others have reported in similar studies [1,5,36], a tendency 
for significantly lower values were observed in F and FP lambs than 
in PR lambs. The relatively higher ADG of F lambs in the final period 
of the trial may explain the tendency for lower dressing percentages 
of F and probably FP lambs, if a relatively higher proportion of the 
weight gain in these lambs was due to fat deposition. Lower dressing 
percentages would then be associated with the removal of a higher 
percentage of seam and visceral fat from the carcass of F and FP lambs 
as compared to PR lambs. Arguably, the small weight gains observed 
in the final stages of development in the drylot could be attributable 
to fat deposition associated with the consumption of soybean oil 
supplement. These observations would be in agreement with the small 
increases of fat deposition and reduction of carcass muscle in lambs 
with time spent on a supplemental soybean oil diet that were reported 
[37]. Therefore, despite initial retardation in growth performance all 
lambs adjusted to the drylot and maintained back-grounded weights, 
but F lambs probably achieved best finishing by P68. 

The initial reduction in growth performance seen in the fat 
supplemented lambs in response to changes in their diet (pasture 
forages to hay in drylot) is comparable to previously reported data 
when lambs developed on a high forage diet were finished on diets 
supplemented with soybean [37]. These researchers [37] observed that 
in lambs that were previously fed lucerne that live weight was enhanced 
with increasing time spent on a soybean oil supplemented diet during 
the finishing stages of development. Accordingly, an apparent positive 
growth response of high forage fed lambs to supplemental soybean 
oil following an initial adjustment period was evident in this study, 
during the final stages of development on pasture and again during 
the final stages of development on drylot. Other reports have alluded 
to the adverse impacts on growth performance when diets are changed 
during short trial periods and upon lambs being transferred to drylot 
stalls for finishing [6,38]. Furthermore, these reports also indicated 
that a long duration of time (37-40 days) spent in the stall [6,38] or 
(39 days) on drylot in this study might erase most of the benefits to 
fatty acid profile that were derived from grazing pastures. Indeed, even 
though lambs in this study were finished on high forage diet in contrast 
to concentrate finishing diets in the other studies [6,38], supplemental 
soybean oil only effected minimal changes in muscle fatty acid profile 
in F and FP lambs as compared to and PR lambs.

Summarily, the results of this study indicate that greater ADG, 
higher finishing weights and more favorable muscle fatty acid profiles 
may have been achieved by feeding of low level fat supplements 
to grazing lambs from an earlier age. Alternatively, finishing the 
lambs on the pasture with the use of low level fat supplement might 
have also been more efficient than transferring them to the drylot. 
Suggestively, future investigations into the effectiveness of low level fat 
supplementation should include cost analysis of the feeding strategies 
that are used to develop lambs. Conclusively, there is potential for 
enhancing lamb growth performance and muscle fatty acid profile by 
supplementing low levels of fat to pasture reared lambs once per day at 
a time when adverse effects of supplementation on digestive functions 
are minimized. The effectiveness of the latter feeding strategy, in 

producing healthy food product will however be significantly impacted 
by the production environment and the physiological responsiveness 
of lambs to the environment. Ultimately, these physiological responses 
manifested as growth and tissue development throughout the process 
of muscle food production determines food value.
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