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Dietary Manipulation and Increase in Plasma Unsaturated Fatty Acids in Sheep
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ABSTRACT : Forty three 7-month old, Barbados Black Belly x Malin crossbred sheep were used for the trial. They were allotted into 
three treatment gro니ps fed varying levels of oil palm (Elaeis guineensis) frond pellets and commercial sheep pellets. Treatment diets 
were 80% commercial pellet+20 % (% w/w) oil palm frond pellet (CON gro니p, n=15), 50% commercial pellet+50% oil palm frond 
pellet (% w/w) (HAF group, n=14) and 80% oil palm frond pellet+20% (% w/w) commercial pellet (OPF group, n비4). The plasma 
fatty acid profiles from these animals were compared before and after 14 weeks of feeding. Results showed that total 니nsat니！*ated  fatty 
acid content in the CON group had increased by 10% (p<0.01) from the pre-treatment values. All three treatment groups had 
significantly different plasma n-6 and n-3 polyunsaturated fatty acid contents at the end of the trial. In fact, the CON group had 
significantly (p<0.01) more n-6 polyunsaturated fatty acid content compared to its own initial values, and also the values from the HAF 
and OPF groups. However there was a significant (p<0.01) decline in plasma n-3 poly니nsat니！"ated fatty acids in all gro니ps. The final 
total 니nsat니rated to saturated fatty acid content ratio was significantly (p<0.01) highest in the CON group, demonstrating the high 
plasma 니nsat니！^ated fatty acid content in these animals. This study shows the plasma 니nsat니rated fatty acids in sheep can be increased by 
dietary manipulation. (Asian-Aust. J. Anitn, ScL 2001. Vol 14, No. 8 : 1073-1077)
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INTRODUCTION

Manipulation of the dietary fatty acid composition 
modified both the plasma and membrane fatty acid profile 
in human and animal subjects (Benga et al., 1984; 
McGarry, 1986; Stenson et al., 1989; Clamp et al., 1997). 
In the ruminants this occurred via a complex mechanism 
linked intimately with the rumen functions preceeding the 
absorption and enrichment of fatty acids in both the 
plasma and membranes (Doreau and Feri ay, 1994). Strong 
reducing conditions in the rumen (Kay, 1983) resulted in 
extensive biohydrogenation of dietary unsaturated fatty 
acids, leaving only 4% of dietary essential fatty acids and 
mo아ly saturated fatty acids to be absorbed in the hind gut 
(Gurr and Harwood, 1991; Jenkins and Thies, 1997). 
These had resulted in the higher saturated fatty acid (SFA) 
content in ruminant meat compared to monogastrics and 
fishes (Watkins and German, 1998). A survey by 
Zainalabidin and Raj ion (1994) showed that almost thirty 
percent of the Malaysian consumer do not eat mutton 
because of the probable health risks attributed to its high 
saturated fat content. The SFA are associated with risk 
factors fbr coronary heart disease (Renaud, 1986; Marieb, 
1995). SFA was shown to increase low density 
lipoprotein-cholesterol (LDL) whereas polyunsaturated 
fatty acids (PUFA) decrease LDL (Fernandez et al., 1992).

Hence the consumption of PUFA-enriched diets reduced 
plasma cholesterol levels in both human and animals (Park et 
al., 1995), leading to a reduced risk to contract cardiovascular 
diseases in human populations. This justified the modi
fication of the plasma and tissue fatty acid profiles in the 
sheep which was pivotal in the production of mutton with a 
lower SFA content-mutton. This paper is a part of a bigger 
study which focused on dietary manipulation and production 
of mutton with higher unsaturated fatty acid content 
compared to conventionally available mutton in the 
Malaysian market.

MATERIALS AND METHODS

Forty-three individually housed, 7-month-old Barbados 
Black Belly x Malin crossbred sheep were allotted randomly 
into three treatment groups. Fifteen animals were fed a 
mixture of 80% commercial sheep/goat pellet+20% (% w/w) 
oil palm frond (OPF) pellet (CON group). Fourteen animals 
were fed a diet of equal amounts of commercial sheep/goat 
pellet+OPF pellet (% w/w) (HAF gro叩)，and another 14 
animals were fed 80% OPF pellet+20% (% w/w) commercial 
sheep/goat pellets (OPF group). The extra animal in the CON 
was a result of random treatment allocation. The animals 
were fed twice daily at 3.5% bodyweight dry matter intake. 
Water was provided ad libitum and a salt lick was provided 
as required. The overall trial lasted for 14 weeks inclusive of 
a two-week adjusting period. Blood collections were carried 
out on ail animals (n=43) by jugular venipuncture into 
ethylenediamino tetraacetic acid (EDTA) vacutainer tubes 
(Becton Dickinson, New Jersey, USA). The animals were 
bled at the onset of the trial (week 0), after two weeks of 
conditioning period (week 2), and then once weekly
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Table 1. Fatty acid concentration (mg/100 g) of the 
treatment diets (mean土standard error of mean)

Fatty Acids OPF 
(n=13)

HAF 
(n=13)

CON 
(n 키 3)

Palmitic (16:0)** 203.5 276.4 341.4
±4.2a ±8.9b ±17.8C

Palmitoleic (16:1)NS 25.8 14.7 21.9
±2.0 ±1.1 ±2.1

Stearic (18:0)** 26.7 34.2 45.0
±0.7a ±1.4b ±1.6C

Oleic (18:1)** 186.3 317.2 447.3
±5.6a ±11.2b ±19.8C

Linoleic (18:2 n-6)** 337.0 747.6 1054.2
±11.la ±12.6b ±24.9C

Linolenic (18:3 n-3)** 80.6 97.2 114.7
±2.1a ±3.3b ±5.4C

Total Saturated** 230.2 310.6 386,4
±4.8a ±10.0b ±19.5C

Total Unsaturated** 659.5 1,193.5 1,660.7
±19.0a ±16.0b ±41.lc

Total PUFA n-3** 80.6 97.2 114.7
±2.1 저 ±3.3b ±5.4C

Total PUFA n-6** 337.0 747.6 1054,2
±11.la ±12.6b ±24.9C

Ratio P:S* 1.81a 2.72b 3.03b
Ratio U:S** 2.86a 3.84b 4.30c

PUFA n-6=18:2 n-6 + 20:4 n-6.
PUFA『3=18:3『3+20:5 n-3+ 22:5 n-3 + 22:6 n-3.
Ratio P:S is the ratio of total polyunsaturated fatty acids to total 
saturated fatty acids.
Ratio U:S is the ratio of total unsaturated fatty acids to total 
saturated fatty acids.
NS Not significantly different.
** Significantly different at 99% confidence level.
* Significantly different at 95% confidence level.
Values with different superscripts in a row differ significantly.
OPF=20% commercial sheep/goat pellets+80% oil palm frond 
pellets (% w/w), HAF=50% commercial sheep/goat pellets+50% 
oil palm frond pellets (% w/w), CON=80% commercial 
sheep/goat pellets+20% oil palm frond pellets (% w/w).

Packard Co., Avondale, PA, USA). The injector temperature 
was programmed at 220°C and the detector at 220°C. The 
column temperature was set at the range of 100-190°C with 
temperature programming at the rate of 5°C/min increment to 
facilitate optimal separation. Identification of the fatty acid 
methyl esters was based on the comparison of the sample 
retention times to those of a known fatty acid methyl ester

PUFA『6=18:2 n-6+20:4 n-6.
PUFA n-3=18:3 n-3+20:5 n-3+22:5 n-3 + 22:6 n-3.
Ratio P:S is the ratio of total polyunsaturated fatty acids to total 
saturated fatty acids.
Ratio U:S is the ratio of total unsaturated fatty acids to total 
saturated fatty acids.
NS Not significantly different.
** Significantly different at 99% confidence level.
* Significantly different at 95% confidence level.
Values with different superscripts in a row differ significantly.
OPF=20% commercial sheep/goat pellets+80% oil palm frond 
pellets (% w/w), HAF=50% commercial sheep/goat pellets+50% 
oil palm frond pellets (% w/w), CON=80% commercial 
sheep/goat pellets+20% oil palm frond pellets (% w/w).

thereafter for the subsequent 11 weeks. Animals were bled 
in the morning prior to feeding at 08:00 h. Feed samples 
were also taken at each sampling period. The total fatty 
acids were then extracted individually from these samples, 
(plasma samples n=43 animalsxl3 sets; feed samples n=3 
dietsxlj sets). However, for this paper, only plasma 
values from the animals at the onset and end of the trial 
will be compared and reported.

The total fatty acids were extracted from the plasma 
and feeds using a chloroform-methanol 2:1 (v/v) solvent 
system according to Folch method as described by Rajion 
(1985). The fatty acids were transmethylated to fatty acid 
methyl esters (FAME) using 14% methanolic boron 
trifluoride, and separated on a Supelco SP™-2330 fused 
silica capillary column (30 m, 0.25 mm ID, 0.20 |im film 
thickness, Supelco Inc., Bellefonte, PA, USA) in a 5890 
Hewlett-Packard Gas-Liquid Chromatograph (Hewlett-

Table 2. Sheep plasma fatty acid concentration (mg/100 g) 
before and after 14 weeks of treatment (mean±standard 
error of mean)

Post Treatment
Fatty Acids Pre-

+ ： + OPF HAF CONtreatment / . , “_、
(n=43) 3=14) (n=14) (n=15)

Palmitic (16:0質

Palmitoleic (16:1)NS

Stearic (18:0)ns
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Arachidic (20:0)NS
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Behenic (22:0)NS

Erucic (22:1)**
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standard (Sigma Chemical Co., St Louis, MO, USA). An 
internal standardisation method was used to quantify the 
various fatty acids in the plasma, where a known 
concentration of heneicosanoic acid (21:0) (Sigma 
Chemical Co., St Louis, MO, USA) was added to each 
sample prior to transmethylation.

The feed d거a sets were analysed with the one way 
ANOVA to compare for differences in overall and 
individual fatty acid types. The plasma fatty acid methyl 
ester data sets were analysed using a two way ANOVA 
(treatment groups x duration of treatment), followed by 
the Duncan multiple comparison test in the event of 
significant ANOVA findings. This is to compare the effect 
of the three treatment diets on the animals' plasma fatty 
acid changes before and after the treatment (SPSS, 1998). 
A non-parametric one way ANOVA (Kruskal Wallis test) 
was performed on the unsaturated:saturated fatty acid, 
polyunsaturated to saturated fatty acids and n-6:n-3 fatty 
acids ratios to evaluate the effects of treatment diets on 
these ratios in the sheep plasma. In the event of a 
significant finding, Q-statistics will be used to elucidate 
the actual differences between these ratios across the 
treatment diets (Heath, 1995).

RESULTS

Table 1 showed the fatty acid content of the treatment 
diets. The three treatment diets had very different (p<0.01) 
levels of total saturated, total unsaturated, total PUFA n-3 
and total PUFA n-6 fatty acids. The levels were always 
lowest in the OPF group, and highest in the CON diets, 
while the HAF was midway between the other two groups.

Table 2 showed the plasma fatty acid concentration of 
the sheep at the point of entry into the trial (pre-treatment) 
and after 14 weeks of treatment. The total unsaturated 
fatty acids in the CON group increased significantly 
(p<0.01) by almost 10% of the initial values. However, the 
unsaturated fatty acid content fbr the OPF and HAF 
groups remained unchanged throughout the trial. All three 
treatment groups have significantly different levels of 
plasma PUFA n-6 (p<0.01) and PUFA n-3 (p<0.01) after 
14 weeks of feeding. The CON group showed the highest 
increase in circulating PUFA n-6 levels of 29.4±1.5 
mg/100 ml plasma compared to the initial value of 
20.9±0.5 mg/100 ml, representing a marked 40% increase. 
This value was also significantly different (p<0.01) from 
the plasma levels of PUFA n-6 in the HAF group 
(24.7±1.2 mg/100 ml) and OPF group (23.1 ±1.1 mg/100 
ml) after 14 weeks. However, all animals experienced a 
significant decline (p<0.01) of plasma PUFA n-3 at the 
end of the trial. The plasma PUFA n-3 levels of the OPF 
group were relatively stable within the range of 1.8-2.2 
mg/100 ml throughout the trial with the final value of 
1.9+0.1 mg/100 ml. This was significantly higher (p<0.01) 

than the other two groups. The profile of the HAF group 
remained almost always at the midpoint of the OPF group 
and CON group throughout the trial.

The ratio of total unsaturated fatty acids (monoenes, 
PUFA n-3 and PUFA n-6) to total saturated fatty acid content 
in the plasma was increased significantly (p<0.01) in the 
CON group from the initial ratio of 1.53 to 1.68 겄 the end of 
the trial. The ratio remained unchanged in the OPF and HAF 
groups. The polyunsaturated : saturated (P:S) ratio was 
significantly elevated (p<0.05) from the initial value of 0.45 
to 0.58 in the CON group, whereas it was non-significantly 
different from the initial values in the OPF and HAF groups. 
At the end of the 14-week trial, the P:S ratios between the 
three groups were not significantly different.

DISCUSSION

The fatty acid composition of ruminants were known to 
be influenced by breed, diet, sex and environment (Karnezos 
and Matches, 1993; Zembayashi and Nishimura, 1996). 
Earlier papers by Raj ion et al. (1996, 2000) have 아lown that 
it was possible to modify the fatty acid composition of both 
the plasma and tissues of sheep significantly within 4 weeks 
of treatments. Results from the trial showed that total 
saturated fatty acid levels of all the groups were the same at 
the end of the trial. This was clearly reflected by the levels of 
both palmitic and stearic acid in the three groups throughout 
the trial. Both fatty acids (besides oleic acid) are important 
components of most animal-based lipids (Miller et aL, 1986). 
Changes in plasma stearic acid (18:0) and oleic acid (18:1) 
are more difficult to interpret since they are also regulated by 
action of tissue desaturases (Jenkins and Thies, 1997). The 
high plasma concentration of PUFA n-6 in the CON group 
correlated with the significantly higher levels (p<0.01) of 
PUFA n-6 in the CON feeds. This is mainly attributed to the 
significantly higher (p<0.01) linoleic acid accumulation in 
the plasma of the CON group. Taking into account the 
combination of PUFA n-6 and other unsaturated fatty acid 
contents in the plasma, the CON group showed the highest 
amount of total unsaturated fatty acid levels at the end of the 
trial, and consequently significantly higher unsaturated to 
saturated fatty acid ratios. Although the OPF group had 
significantly the least (p<0.01) amount of PUFA n-3 in their 
diet, their plasma PUFA n-3 lev이s were the highest at the 
end of the trial. The linolenic acid (18:3 n-3) is found 
predominantly in the leaves of plants (oil palm fronds in this 
experiment) (Gurr and Harwood, 1991). In the OPF diet 
group, its biohydrogenation in the rumen may have been 
limited by the protective plant cell walls, as compared to 
when it was in the meshed and pelleted commercial 
concentrates. It was known that in the rumen, hydrogenation 
is almost complete fbr linolenic acid (18:3 n-3), and between 
60〜95% fbr linoleic acid (18:2 n-6). This proportion 
decreases when level of concentrates increase in the diet 
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(Doreau and Ferlay, 1994). Collectively, these may explain 
the higher linolenic acid (18:3 n-3) levels in the OPF 
group and the significantly more linoleic acid (18:2 n-6) 
accumulation in the plasma of HAF animals as compared 
to those of the CON group. Furthermore, it was also 
shown that foraging animals tend to have higher linolenic 
acid (18:3 n-3) contents in their tissues (Marmer et al., 
1984; Miller et al., 1986). The authors also noted that the 
rumen pH, which is a good indicator of overall rumen 
functions (Kay, 1983) was always highest in the OPF 
group and lowest in the CON groups at 0, 4 and 6 h post 
feeding (Goh et al., 1999a). The rumen pH (mean± 
standard error of mean) for the OPF group was 6.80±0.06 
at 0 hours, 6.25±0.01 at 4 h and 6.50±0.07 at 6 h post 
feeding. The rumen pH from the CON group was 
6.44±0.18 at 0 h, 5.77±0.05 at 4 h and 5.69±0.01 at 6 h 
post feeding. Rumen pH values from the HAF groups 
were always midway between the OPF and CON group in 
all instances. Our postulation is that the reduced 
biohydrogenation of PUFA due to an altered rumen fatty 
acid metabolism resulted in larger amounts of the 
unsaturated fatty acids being absorbed by the digestive 
system. We noted a 28%, 13% and 6% increase in total 
PUFA (Total PUFA n-3 + Total PUFA n-6) for CON, HAF 
and OPF groups, respectively at the end of the trial. The 
present study showed that it is possible to increase the 
total PUFA composition in the sheep plasma by increasing 
the levels of concentrate feeding in the diet. A similar 
pattern of increased plasma levels of PUFA in the goat 
was reported by Raj ion et al. (1996). However, only the 
CON group had a significant (p<0.01) increase in total 
unsaturated fatty acid after 14 weeks of treatment. Based 
on these two facts, only the CON group had significantly 
different P:S (p<0.05) and U:S (p<0.01) ratios. The 
increase in plasma levels of PUFA is expected to produce 
consequential changes in the fatty acid content in the 
tissues. Goh et al. (1999b, 2000) have shown that rams fed 
80% concentrate and 20% oil palm frond pellets had more 
total unsaturated to total saturated fatty acids in the gluteus 
medius and semi membranosus muscles compared to other 
treatment groups fed lower levels of the concentrate. The 
gluteus medius muscles from these animals were shown to 
have the desirable n-6:n-3 ratio of 7.04, which is 
significantly different from the ratio of 4.37 in animals fed 
80% oil palm frond pellets. Therefore, our approach 
represents a crucial and practical step in producing mutton 
with a higher unsaturated fatty acid content and a balanced 
fatty acid composition for human consumption.
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