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Abstract. Total lipid and cholesterol content in longissimus muscle and carcass soft tissue from Najdi ram
lambs as affected by dietary concentrate level and poultry offal meal supplementation (POM) were
studied. Sixty lambs, weighing 23.5 kg were assigned to a 2 X 3 factorial arrangement consisting of two
dietary concentrate levels (high; 70% concentrate or low; 25% concentrate) and three POM supplemen-
tation (0, 5 and 10%); POM replaced an equal amount of soybean meal in the diet. All six diets were
isonitrogenous (14.9% CP) and diets within each dietary concentrate level were isocaloric (high; 11.7 and
low; 9.0 MJ ME/kg DM). Lambs were individually given ad libitum access to feed for 120 days before
slaughter. The results showed that, no significant differences were detected in total lipid content and
cholesterol content of longissimus muscle or carcass soft tissue between various levels of POM supplemen-
tation. High-concentrate fed lambs had more (P < 0.01) total lipid content in their longissimus muscle and
carcass soft tissue than low-concentrate fed lambs. Dietary concentrate level had no effect on longissimus
muscle cholesterol concentration, whereas, carcass soft tissue from high-concentrate fed lambs had less (P
< 0.01) cholesterol concentration than those from low-concentrate group. The overall least-squares mean
for longissimus muscle was 66.3 mg of cholesterol/100 g of tissue. Generally, cholesterol concentration
were 21.4 and 35.3% higher in carcass soft tissue from high- and low-concentrate fed lambs compared to
longissimus muscle, respectively.

Introduction
There is a growing concern that animal fat and cholesterol consumption may be
associated with a high incidence of coronary heart disease in humans. Meat has been
perceived as high in cholesterol concentration and thus, as contributing significantly

to dietary cholesterol intake. The reported mean values for cholesterol range from
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62.4mg/100g to 77.2mg/100g of longissimus muscle (wet-weight basis) from lambs of
various genetic origin and wide variability of dietary regimen [1,2]. Although, there
are conflicting reports regarding the effect of animal diets on muscle cholesterol con-
tent, several reported literature supported the concept of constancy of tissue concen-
trations of cholesterol as a result of the presence of cholesterol as an integral compo-
nent of adipocyte cell membranes [3,4]. In that connection, Holmes et al. [5]
reported no differences in muscle cholesterol content when the roughage level of the
diets were increased from 28 to 74%. Also, Lough et al. [1] and Solomon et al. [6]
found no influence of animal diet on cholesterol content of the longissimus muscle
for lambs fed wide variety of lipids in diets. Previously, Al-Suwaid [7] reported the
effects of feeding 5 and 10% poultry offal meal (POM; 32% cther extract) supple-
mentation to the dicts on performance and carcass characteristics of growing Najdi
ram lambs. This paper, however, reports the effects of POM supplementation to
high- and low-concentrate diets on total lipid content and cholesterol content of car-
cass tissues of those same Najdi lambs.

Materials and Methods

Sixty Najdi ram lambs were randomly assignedina2 X 3 factorial arrangement
of two dietary concentrate levels (high, 70:30; low, 25:75 concentrate: roughage
ratio) and three levels of POM supplementation (0, 5 and 10%). Chemical analysis
and in vivo studies of POM showed that it contained 54% CP of a low degradation
rate in the rumen and 32% ether extract [7,8]. Accordingly, all experimental diets
were prepared to be isonitrogenous (14.9% CP) and diets within each dietary con-
centrate level were isocaloric; the high- and low-concentrate diets contained 11.7 and
9.0 MJ of ME/kg DM (Table 1), respectively. It should be mentioned that POM was
supplemented to replace an equal amount of soybean meal in the diet. Management
of the lambs were previously described [7]. The lambs were started on trial at approx-
imately 3.5 months of age (average 23.5 kg body weight) and werc individually fed
ad libitum and slaughtered after a 120-days feeding period.

Loin sections were removed from each carcass at 48 h postmortem. The M. lon-
gissimus dorsi muscle from the right side posterior to the 13th rib (10 cm in length)
was excised, trimmed of all external visible fat and connective tissue, finely minced
and mixed thoroughly and sampled. The left side of each carcass was dissected into
carcass soft tissue (boneless carcass) and bone. Thereafter, all components of carcass
soft tissue; namely, lean, subcutaneous fat, intermuscular fat and intramuscular fat
were pooled, finely minced and mixed thoroughly three times and sampled. Samples
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Table 1. Ingredients and composition of experimental diets®

High concentrate Low concentrate

Levels of poultry offal meal

Ingredients, % 0 5 10 0 5 10
Poultry offal meal - 5.0 10.0 - 5.0 10.0
Soybean meal 10.0 5.0 - 10.0 5.0 -
Barley 29.3 34.0 38.0 4.5 9.2 13.0
Cornstarch 8.7 4.0 - 8.5 3.8 -
Yellow corn 20.5 20.5 20.5 - - -
Wheat straw 6.1 10.1 13.6 28.4 324 35.4
Alfalfa hay 23.9 19.9 16.4 48.1 44.1 41.1
Salt and minerals 0.5 0.5 0.5 0.5 0.5 0.5
Sodium bicarbonate 1.0 1.0 1.0 - - -
Crude protein, %° 15.5 15.1 16.7 15.5 16.4 16.4
TDN 69.7 68.5 68.2 55.2 53.2 52.0
ME/kg DM, MJ¢ 11.7 11.7 11.7 9.0 9.0 9.0

* Dry matter basis.

b Contained 10% Mn, 10% Fe, 10% Zn, 1% Cu, 0.3% I and 0.1% Co.

¢ Laboratory determined.

4 Total digestible nutrients.

¢ Calculated.

consisted of approximately 30g of tissue. All samples were stored frozen at —20°C
pending lipid and cholesterol analysis.

Upon chemical analysis, each longissimus muscle or carcass soft tissue sample
was homogenized and extracted three times according to Folch procedure [9] using
chloroform-methanol (2:1, v/v) as the extraction medium. A 10 mi-aliquot (three
replications/sample) of the lipid extract was freed of solvent and its lipid content was
determined. Thereafter, aliquots of the lipid extract were transferred to screw-cap
test tubes for subsequent cholesterol analyses.

Cholesterol content of each sample was determined in triplicate. A 6 ml-aliquot
(equivalent to 0.3g tissue) of the lipid extract was freed of solvent using a stream of
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nitrogen while the tube containing the extract was warmed in a 55-60°C water bath.
The lipid residue was saponified by heating with 5 ml of 15% KOH in a water bath
shaker at 88°C for 15 min. A 5 ml of distilled water was added to the mixture which
was eventually cooled to room temperature. The unsaponifiable materials were
extracted twice with 10 ml of hexane for each extraction. A 4 ml-aliquot of the
hexane extract was freed of solvent, as described above, and assayed for cholesterol
concentration according to the colorimetric procedure discribed by Eichhorn ef al,
[10]. Data were analyzed by the GLM procedure of SAS [11] to determine the signifi-
cance of variation among experimental diets.

Results and Discussion

Total lipid content and cholesterol content of longissimus muscle and carcass
soft tissue of the growing Najdi ram lambs fed the experimental diets are presented
in (Table 2). Total lipid content (/100 g of tissue) in longissimus muscle and carcass
soft tissue did not vary as POM in the diet increased, and were higher (P < 0.01) in
carcasses from high-concentrate fed lambs than from low-concentrate fed groups.
Cholesterol content in longissimus muscle (mg/100 g of tissue) was not significantly
influenced by the dietary concentrate level or by the level of POM supplementation
in the diets. Longissimus muscle contained an average of 66.3 mg cholesterol/100 g
of muscle (wet-weight basis). These results are slightly higher than those of Lough
etal. [1}], lower than those of Solomon et al. [2] and comparable to those reported by
Solomon et al. [12,6]. The lack of significant differences in longissimus muscle
cholesterol content between high- and low-concentrate fed lambs in our experiment
agreed well with the findings of other workers. Eichhorn et al. [10] reported no effect
due to length of grain feeding, and Taylor and Smith [13] reported no differences in
muscle cholesterol content between the pasture-fed and the grain-fed Hereford
steers. Also, Holmes et al. [5] did not observe a reduction in cholesterol content of
lean tissue when the roughage level of the diets were increased from 28 to 54 to 74%,
suggesting that tissue cholesterol level in meat animals does not respond to animal
diet modifications. In that connection, feeding palm oil-supplemented diet increased
serum cholesterol significantly in lambs but did not alter muscle cholesterol levels,
concluding that cholesterol uptake by muscle is receptor-mediated and not concen-
tration-dependent [6]. It might be expected that as the intramuscular fat content
increases in longissimus muscle (Table 2) there would be an increase in muscle
cholesterol content; a large proportion of the cholesterol in muscle is present in lipid
cellmembrane [3]. Nevertheless, in the data presented here, the ragne in the percen-
tage of intramuscular fat was 2.9-4.9% , which could well have been too small a range
to elicit a significant effect. Similar findings were reported by Rhee et al. [3], Wheeler
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et al. [14] and Taylor and Smith [13] who reported that muscle cholesterol content did
not vary over a range of intramuscular fat percentages of 3.63- 12.08%, 1.03-3.64%
and 1.8-2.7%, respectively.

The cholesterol content in carcass soft tissue did not vary as POM in the diet
increased, and was higher (P < 0.01) in carcasses from low-concentrate fed lambs
than from high-concentrate group. Similar results concluded that higher energy diet
resulted in lower cholesterol concentration in fat tissue than did a maintenance diet
in cows [10]. Therefore, the increased deposition of lipid in the adipose tissue of
lambs on high-concentrate diets (37.9 vs 27.7%) probably diluted the concentration
of cholesterolin the tissues. Related results found that adipocyte cell numbers in beef
remained constant with increased time on feed but enlarged significantly in size
resulted in a dilution of the concentration of the structural components of the cell [4].

Average cholesterol contents of the carcass soft tissue from low- and high-con-
centrate fed lambs were 23.1 and 14.9 mg/100 g of tissue higher than the cholesterol
content in longissimus muscle, respectively. Carcass soft tissue included all carcass
lean, subcutaneous, intermuscular and intramuscular fats. Farkas et al. [15] reported
that adipose tissue is a cholesterol storage site and accumulates amounts greater than

Table2. Effects of dietary concentrate level (CL) and poultry offal meal (POM) supplementation on total
lipid content and cholesterol content in Longissimus muscle (LM) and carcass soft tissue (ST) of

Najdi ram lambs
CL: High concentrate Low cencentrate Significance
Item POM: 0 5 10 0 5 10 SEM (L POM
Total lipid (g/100 g tissue):
LM 48>  47° 499 33 290 29 021 ** NS
ST 37.1% 38.4° 382° 27.00 28.1° 27.9° 051 ** NS
Cholesterol (mg/100 g tissue )
LM 66.9 668 652 688 66.0 653 1.12 NS NS
ST 81.4° 79.6° 80.5° 88.3° 89.9° 91.1° 1.65 ** NS
Cholesterol (g/100 g lipid):
LM 1.39*  1.38% 1.33* 2.08° 228 2.25° 1.67 - NS
ST 0.22° 021° 021° 033® 032> 033° 005 ** NS

45 Values in the same row bearing different superscripts are different (P < 0.01).
** (P<0.01); NS=(P<0.05).
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those needed for cellular functions, which may explain its higher content compared
to longissimus muscle tissue. In general agreement with these findings, Rhee et al. [3]
reported a concentration of 62 mg/100 g of muscle dissected from rib steaks com-
pared to 114 mg/100 g of subcutaneous fat or 108 mg/100 g of intermuscular fat.
Wheeler et al. [14] reported 35.6 mg/100 g higher in subcutaneous fat than in longis-
simus muscle. Also, Lough et al. [1] found a concentration of 62.4 mg/100 g of longis-
simus muscle vs. 78 mg/100 g of subcutaneous fat isolated from lambs. ‘

When cholesterol content was calculated on a lipid content basis (g/100 g of
lipid), longissimus muscle and carcass soft tissue from low-concentrate fed lambs had
significantly higher (P < 0.01) cholesterol content than those tissues from high-con-
centrate fed lambs. The correlation coefficients (Table 3) between lipid content in
longissimus muscle and cholesterol content (g/100 g of lipid) in the muscle, and
between lipid content in carcass soft tissue and its cholesterol content (g/100 g of
lipid) were —0.53 and —0.61 (P < 0.01), respectively. These results together with the
non-significant correlations found between lipid content and cholesterol content
expressed on a wet-tissue basis for both longissimus muscle and carcass soft tissue
confirming the previous results [3,4] that a large proportion of cholesterol in meat is
associated with lipid cell membrane and intracellular structures.

Table 3. Correlation coefficients® between cholesterol content of longissimus muscle (LM) or carcass
soft tissue (ST) and their respective total lipid content

Cholesterol Ciholesterol
(mg/100 g tissue) (g/100 g lipid)

LipidinLM 0.139 —0.5334%*
Lipidin ST —0.244 - 0.608**
2 n=60

** P<0.01

On the basis of results from the present study, it is obvious that cholesterol con-
centration in the tissues of growing lambs is generally not influenced by type of diet-
ary protein and/or the amount of dietary fat supplemented to the diet. Furthermore,
meat from high-concentrate fed lambs should not be criticized for contributing to
ingested cholesterol any more than that meat from lambs fed on high-roughage based
diets. The general recommendation is to limit intake to 100 mg cholesterol/1000 kcal,
not to exceed 300 mg/day [16]. Therefore, the cholesterol content of lamb meat, on
the basis of 150/g serving of longissimus muscle or 120/g carcass soft tissue, is consis-
tent with the formerly mentioned recommendation [16] and compares favourably
with poultry and fish.
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