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SUMMARY

The experiments were carried on with lambs, weaned on
age of 40 days, being afterwards on rations with different
energy level and protein content. The data obtained at
parallel variation of energy and protein show that no
significant changes in the quantity of body fat, fatty acid
composition of adipose tissueé triacylglycerols and plasma
free fatty acids and activities of glucose-6-phosphate
dehydrogenase and isocitrate dehydrogenase were
registered. At isoenergy diets, the protein level does not
affect neither fatty acid composition nor activities of the
enzymes investigated. At isoprotein rations the higher
level of energy causes significant decrease of 18:0 and
increase of 18:1in adipose tissue triacylglycerols and free
fatty acids, accompanied with formation of more
unsaturated subcutaneous fat. L

INTRODUCTION

The synthesis of endogenous lipids in not lactating
ruminants is carried out mainly in the adipose tissue.
The content and composition of lipids not only in
the stores but also in the muscles are affected by a
number of factors: the genotype, the season,the
conditions of animal rearing, the composition and
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and were fattened to a final live weight of 36-42 kg. During
the experimental period the animals were reared in
groups (of 12) and fed ad libitum. The composition of the
ration for each group is presented on table 1. The food
intake was under daily control, and the live weight was
checked each month (tables 2, 3).

In the first experiment (groups 1, 2, 3) the lambs received
rations with variation of energy and protein content. In
the IT (groups 4, 5,6) and ITI (groups 7, 8) trials the rations
were isoenergetic and isoprotein with a varying level of
protein and energy respectively.

Samples for analysis were taken from 3 animals of each
group from the I and II experiment, and from 6 animals
from the III experiment. Blood samples were drown prior
to slaughter of animals. Samples of subcutaneous adipose
tissue were taken from the area close to the tail, and the
"meat" samples from the grinded deboned carcass
(average of muscle and adipose tissue). The fat in the
latter was analysed by ether extraction according to
Soxhlet, and the nitrogen (protein) was analysed
according to Kjeldal.

The activity of glucose-6-phosphate dehydrogenase
(G6PDH - E.C.1.1.1.49) was analysed according to Glock
and McLean (1953) and isocitrate dehydrogenase activity
(ICDH - E.C.1.1.1.42) as described by Ochoa (1955). The
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Table 2

Daily feed intake

Dally feed Consumed Consumed Feed
Groups intake enexrgy proteln lnput/kg
(kg) (MJ} (g) dally qgain
1 1.30 5.39 208.0 6.88
2 1.16 5.68 209.0 6.10
2 1.24 6.99 260.0 5.56
4 1.00 4.97 132.0 7.00
5 1.10 5.39 175.0 6.40
3 1.15 5.62 218.0 5.20
ki 1.13 5.74 - 221.0 6.50
8 1.10 6.57 220.0 5.10
Table 3
Live weight (kg) and average daily gain (g)
Averagl
Groups Live welght dally
gailn
1 40.0 + 4.8 190.0 + 40.
2 40.0 + 3.6 192.0 + 30.
3 40.0 + 4.1 232.0 + 30.
4 36,0 + 6.3 150.0 + 40.
5 36.0 + 5.4 160.0 + 40.
6 42.0 + 5.0 190.0 + 30.
a a
7 36.0 + 3.9 17450 + 30.
- b
8 40.0 + 4.9 210.0 + 50.
signiflcant differences (p < 0.01) are indicated
with different superscripts '
Table 4
Meat, fat and protein content (kg) of deboned carcass
Groups Meat Protein Fat Fat/Protein
1 9.7 + 0 2.4 + 0.4 2.6 + 0.4 1.07
2 9.3 +1 2.5+ 0.2 2.7 + 0.3 1.08
3 3.4 £+ 0 2.1 + 0.2 2.3 + 0.6 1.09
] 8.0 + 0 1.3 + 0.4 1.8 + 1.0 1.35
5 8.6 + 0 1.5 ¢+ 0.5 1.7+ 0.8 1.15
6 8.7 +1 1.5 + 0.3 2.8 + 0.7 1.79
T 8.0 + 0 1.3 £ 0.1 1.8 + 0.2 1.46
8 10.2 + © 1.5 + 0.2 2.2 4+ 0.2 1.43

significant dlfferences (p < 0.001) are indlcated

with dlfferent superscripts
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protein in the homogenates was analysed
according to the procedure of Lowry et al. (1951).

The extraction of tissue and blood lipids were
carried out as described by Bligh and Dyer (1959).
Until being analysed the extracted lipids were
stored in a solution of 0,1% (w/v) of butyl
hydroxytoluene in chloroform at -30°C.
Triacylglycerols (TG) and free fatty acids (FFA)
were isolated by thin layer chromatography on
silica gel G with a solvent system of hexane:diethyl
ether:acetyc acid - 85:15:1 (v/v/v). The fatty acid
composition was analysed by gas chromatography
using a glass column (3 m x 2 mm) packed with 3%
SP 2330 on Supelcoport (100-120 mesh) and
internal standard arachidic acid. The Student test
was used as a criterion for statistical evaluation of
the results.

RESULTS AND DISCUSSION

The 'daily feed intake and conversion rates are
shown in table 2. The amounts of feed input/kg
daily gain is in inverse dependence to the quantity
of the consumed energy. A parallel is observed
between the daily gain (table 3) and the quantity of
the energy received (table 2). The highest average
daily gain was noted in groups 3 and 8, in which the
level of energy nutrition was highest. According to
Blaxter (1962) the increase in the proportion of
concentrates in the diet leads to an improvement
of the coefficient of digestion and the animals
absorb more dry matter and productive energy.

The parallel variations of energy and protein in the
ration (I experiment) does not lead to essential
changes in the quantity of deposited fat and protein
(table 4). The different ratios between the energy
and protein in isoenergetic diets (trial IT) has a
pronounced influence on the fat/protein index. At
the III experiment the fat/protein ratio in the two
isoprotein groups does not change with the
elevation of energy. The index values in this trial
are higher than in the other experiments. This
could be explained by the effect of the components
of the diet.

With a simultaneous variation of the energy and
protein (I experiment) no substantial differences
were noted in the activities of the dehydrogenases
in the subcutaneous adipose tissue (table 5).

The increase of the protein level at a constant
energy content of the rations (II experiment), with
the exception of the higher activity of ICDH in
group 4, does not influence the activities of
analysed enzymes. Black et al. (1987) showed that
the production of NADPH is not directly linked
with the quantity of protein in the ration. In present
experiments a tendency has been observed that the
activities of the enzymes to be higher in animals fed
diets with the lowest protein content. In this group
the lowest daily gain , the maximum feed input/kg
daily gain and the lowest utilisation of energy has
been noted. The low protein level in the diet of
intensively fattened lambs, at a comparatively high




Table 5

*

Activity of glucose-6-phosphate dehydrogenase

and

lsocltrate dehydrogenase

in adipose tissue

Groups
G6PDH ICDH

1 71.0 + 17 79.3 + 6.9
2 92.2 + 14 74.6 + 8.6
3 74.9 + 18 72.7 + 21.6

a
4 68.8 + 4. 939 + 8.7
5 52.8 + 16. 51.3 + 9.2h
6 56.6 + 5. 50.8 + 3.1h

*

nmol/min/mg protein

Signiflcant differences (p < 0.01) are indicated

with different superscxlpti

Table 6

Falty acid composition (M%) of triacylglycerols in
adlpose tissue
G I u P s

Fatty acids 1 2 3
14:0 3.6 + 0. 4.8 + 0.6 4.1 + 0.
16:0 25.2 + 1. 27.3 + 0.3 22.8 + 5.
16:1 3.1 + 0. 2.9+ 0.1 3.1 + 0.
18:0 23.5 + 0. 22.3 + 0.7 22.2 + 4.
18:1 3.6 + 1. 38.4 4 1.2 40.5 + 0.
18:2 6.0 + 0. 4.3+ 0.4 7.2 + 0.

4 5 6
14:0 2.5 + 0. 2.6 + 0.1 2.5 + 0.
16:0 22.9 + 1. 23.1 + 1.5 22.2 + 0.
16:1 3.4 + 0. 3. + 0.3 3.0 i 0.
18:0 22.4 + 1. 21.6 + 2.3 25.0 + 0.
18:1 43.8 + 2. 43.8 + 0.6 43.8 + 0.
18:2 4.9 + 1. 5.1 + 1.2 3.9 + 0.

7 8
14:0 2.6 + 0. 1.8 + 0.4
16:0 23.6 + 1. 22.9 + 0.5
16:1 2.4 + 0. 5.2 + 1.5

a b

18:0 25.0 + 2. 14.1 + 1.6
18:1 42.2 + 2. 48.8 + 1.6b
18:2 4.3 + 0. 7.2 + 1.0

Slgnificant differences (p < 0.01) are Indicated

with different superscripts
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level of energy, reasonably stimulates the lipid formation
in adipose tissue.

The activities of G6PDH and ICDH reflect the
participation of the pentosophosphate and isocitrate
pathways in the generation of reduced cofactors for the
lipid biosynthesis in adipose tissues of ruminants. In this
aspect data in literature are controversial (Vernon 1981).
Martin et al. (1973), Opstedt et al. (1967), Smith et al.
(1984) indicate that with the increase of concentrates in
the diet the activity of GGPDH increases. In experiments
with cattle (Yang and Baldwin 1973) the
high-concentrated diets has not affected
NADPH-generating dehydrogenases. In our former
investigations (Banskalieva et al. 1987) it was pointed out
that in the stage of vigorous growth (liveweight 20-25 kg)
the activities of G6PDH is influenced by the quantity of
concentrates, but at the end of the fattening period such
a relationship was not observed.

The simultaneous variations of energy and protein, and
the changes of protein level in the isoenergy diets has no
essential effect on the fatty acid composition of adipose
tissue TG (table 6). The results of the plasma FFA (table
7) were similar.

The elevation of energy at a constant protein level of leads
to a significant increase of 18:1 and 18:2 and a decrease
of 18:0 (tables 6,8). These changes make the lipids (TG
and FFA) less saturated Fortin et al. (1981), Ray et al.
(1975), Takahashi and Oota (1985) have established that
the feeding diet with more concentrates leads not only to
faster deposition of lipids, but also to formation of more
unsaturated fat. The exact mechanism of the observed
changes with ruminants fed on diets of different structure
or different energy levels is not fully understood. The
obtained results of the three experiments (strongly
manifested in the III experiment) show that, it is rather
the energy in the diet and not the protein level, the
decisive factor for the composition of adipose tissue TG.

According to Garton (1965), Tove and Matrone (1962)
the composition of fat stories is influenced by the
exogenous fatty acids and the changes occurring with
them in the rumen. It is more likely that the fatty acid
composition is influenced by the intensity and specificity
of the endogenous synthesis. The formation of lipids
during the period of intensive growth is accompanied
with changes in the activity of some adipose tissue
enzymes. It has been established that acyl-CoA
carboxylase, and stearoyl-CoA desaturase are strongly
influenced by the composition and structure of the diet,
and probably have a common mechanism of regulation
(Jeffcoat and James 1977).

The mechanisms controlling the desaturation of lipids are
not fully understood. It could be admitted that the
increased energy level of the ration induces the activation
of stearoyl-CoA desaturase in the adipose tissue. In
ruminants an intensive lipid synthesis in adipose tissue is
accompanied with a considerable desaturation of 18:0
(Vernon 1981, Wahle 1973). Gellhorn and Benjamin
(1964) point out that the higher plasma level of insulin
stimulates the desaturation of the long-chain fatty acids.
Trenkle (1970) found that the level of this hormone
increases with the elevation of concentrates in the diet.
These results were confirmed in our laboratory (studies



Table 7

Fatty acid vomposition (M %) of plasma free fatty acids

Fatty acids 1 2 3
14:0 0.7 + 0.1 1.3 + 0.3 1.1 4+ 0.2
16:0 17.1 + 0.2 19.4 + 0.6 18.1 + 0,7
16:1 2.91’02 3.210.3 2.5 + 0.1
a a E
18:0 33.1 + 2.5 28.7 + 0.7 24.4 + 1.6
18:1 37.7 + 2.5 39.5 + 0.7 42.4 + 0.9
a = a -
+ 0.4 7.9 +70.5 11.6 + 0.2

18:2 8.5

8ignificant differences (p < 0.05) are Indicated

with different superscripts
Table 8

Fatty acld composition (M %) of free fatty

acids In adipose tissue

Fatty acids i 8

14:0 7.1 t 0.4 5.8 + 0.4

16:0 32.5 +1.2 29.2 + 1.2

16:1 8.1 + 0.4 6.6 + 0.5

18:0 19.5 0 7a 14.6 + 1 lb
18:1 29.6 + 1.8a 37.8 ¢+ 2.2b
18:2 3.3103a 6.Q+1.0b

Significant differences (p < 0.05) are indicated
with different superscripts
in progress). It was found that the level of plasma insulin
is highest in animals fed on diets with highest energy
contents . The increase of desaturase activity of adipose
tissue is probably biologically justified, with the view of
the formation of lipids with definite melting point.

The obtained results indicate that an intensive fattening
of lambs with the use of more concentrates leads to an
growth, accompanied with deposition of more fats in the
carcass. The amount and composition of deposited fat is
an important criteria for the quality of the produced
meat. In relation to taste quality and the market demand
itis desirable to produce lamb and mutton with softer fat.
Most favorable in this aspect proved to be a diet with
protein and enmergy content: 200 g and 6.0 MJ/kg
respectively. The feeding of greater amounts of
concentrates is, to a certain extent, compensated by a
lower average daily feed input/kg daily gain, with more
effective utilization of energy and better nutritive and
market value of the produced meat.
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