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The aim of this experiment is to compare the effects of diets containing green oak acorns (GO) and barley 
(BL) on the growth performances, carcasses parameters and the composition in fatty acids of lambs. Two 
groups of five lambs each were fed, respectively, during 105 days with diets containing 50% of oaks 
acorns and 50% of barley. At the end of the test, the animals of the two diets expressed comparable body 
weights and weight gain. A significant difference (P < 0.05) was observed for the thickness of fat cover 
which is 3 mm for the BL group against 1.6 mm for GO group even if no significant difference was 
revealed concerning the output with slaughtering. The intramuscular lipids were significantly higher (P < 
0.05) in the group of animals fed with GO diet compared to the BL diet (3.88 vs 2.83 g.100-1 g of muscle). 
Among the saturated fatty acids (SFA), the stearic acid significantly appeared in higher proportion (P < 
0.05) in GO diet (20.8 vs 18.1%) whereas the palmitic acid is prevalent in the group of animals fed with the 
BL diet (25 vs 30%). For the polyunsaturated fatty acid (PUFA), no significant difference was observed 
between the two groups. The linoleic acid is prevalent among the PUFA of two groups without significant 
difference. The linolenic acid is higher in the animal fed BL. The n-6: n-3 ratio is higher in the BL group 
(8.9 vs 7.3). At the end, the low level of incorporation of PUFA in muscle of the lamb because of 
biohydrogenation, suggests us supplementing the diet by green grass. 
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INTRODUCTION 
 
Representing a surface of more than 634.000 ha, the 
green oak (Quercus ilex) is one of the forest trees with 
multiple virtues of the Algerian forest. However, the 
exploitation of the fruit of this tree in animal feeds 
remains in an embryonic state. The research works 
carried out on  the  valorization  of  this  food  product  in  
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Abbreviations: GO, Green oak acorns; BL, barley; SFA, 
saturated fatty acids; PUFA, polyunsaturated fatty acids; BW, 
body weights; DM, dry matter; TL, total lipids; WG, weight gain; 
EW, eviscerated weight; MUFA, monounsaturated fatty acid. 

animal feeds characterizing its wealth in energy and 
unsaturated fatty acids is a prospect resulting from an 
economic and nutritional need which should lead to a 
broad use of this forest product by the poultries and the 
small ruminants. 

The physicochemical data available on this food product 
show a wealth of starch (44 to 59%; Kekos and Kaukios, 
1985) and unsaturated fatty acids, especially oleic and 
linoleic acids (Ofcaric and Burns, 1971; Lopes and 
Bernardo-Gil, 2005) a variable content of tanins according to 
the areas and climates (Rakié et al., 2007) allowed its use 
in animal feeds, like pig and broilers chickens  (Bouderoua 
and Selselet-Attou, 2003; Rey et al., 2005; Bouderoua et al., 
2009). 

Studies have been undertaken on the quality of meats, 
for which the nutritionists are interested to limit its harmful 
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effects on human health. Indeed, it is established that the  
meat fatty acids composition is largely influenced by the 
dietary lipids (Mourot and Hermier, 2001). Thus, in 
chicken, the saturated lipids like copra  oil  and  palm  oil 
increase the proportions of fatty acids with short chain; 
animal fats (tallow and lard) enrich the lipid deposits with 
saturated fatty acids (SFA). Conversely, vegetable oils 
rich in polyunsaturated fatty acids (PUFA) in Colza, Soya 
or Flax increase their content in meat (Mossab, 2001). 
However, in sheep, the situation is very different because 
of trans-isomerization phenomenon of PUFA in the 
rumen during the process of bio-hydrogenation. 
Vossemberg and Joblin (2003) and Boles et al. (2005) 
reported that the bacteria’s rumen, are able to transform 
directly the alpha linoleic acid into stearic and palmitic 
acids. With this specificity, the dietary contributions rich 
with PUFA largely influence the proportions of linolenic 
acid of ruminant’s meats (Wachira et al., 2002; Meane et 
al., 2002). In fact, the introduction of the linseed into the 
diet of lamb in growth significantly increased C18:3 in the 
meat (Normand et al., 2007). In the same way, Nurnberg 
et al. (1998) found that the fat supply increases the 
quantity of C18:3 and their counterparts of long chain in 
the lamb with proportions multiplied by 2.4 for C18:3; 3.5 
for C20:5 and 1.8 for C22:5. Geay et al. (2002) reported 
that the carcasses of lambs raised with the pasture 
presented a higher percentage in C18:3 in their muscles 
compared to those with diets containing concentrates. 

The purpose of this work is to test the possibilities that 
offers a diet containing acorn of green oak (Q. ilex) in 
comparison with another based on barley on the growth 
performances and fatty acids composition of lamb meat. 
 
 
MATERIALS AND METHODS 
 
Animals and diets 
 
Ten lambs (five per diet) of local race "Ouled Djellal", having an 
average weight of 32.3 ± 1.65 kg of six months old were divided into 
two groups of five and fed for 105 days. Two diets, one based on 
barley (BL), the second containing green oak acorn (GO) were 
distributed twice a day at a rate of 400 g/animal/day. Acorn 
consisted on the whole fruit collected at the end of November 2008. 
To ensure safer and longer storage of experimental diet, acorn was 
incorporated into diet after being air-dried in the shade for 25 days 
and ground using a local commercial grain mill fitted 4 mm pore 
size sieve. The ingredients and the physicochemical composition of 
both diets are illustrated in Table 1 and fatty acid composition in 
Table 2. The body weights (BW) were measured each week by 
weighing the animals.  
 
 
Measurements at slaughter 
 
At the end of the test (105 days), the lambs of each diet were killed, 
processed, and eviscerated in a local commercial slaughterhouse. 
After evisceration, the lambs were apportioned by hand. After 24 h 
of sweating in a cold room at +6°C, the measurements were 
operated for the appreciation of thickness of cover fat at the 
sternum position. Samples (100 g) of Femoris muscle were 
obtained  at  the  left  leg.  Meat  samples  from  each  animal  were  

 
 
 
 

Table 1.  Composition of the diets. 
 
Ingredients (%)  BL GO 
Barley   50 0 
Oak acorns 0 50 
Soya bean meal 32 32 
Bran of wheat 15 15 
Calcium and phosphorus    3 3 
Analyzed composition ( g / 100 g) 

Dry Matter    86.9 86.56 
Mineral matter    10.20 9.26 
Crud protein   19.68 18.22 
Lipids    2.56 6.50 
Crude fiber   9.50 11.16 
Starch   54.00 49.00 
Calculated Net energy  ( kcal/ kg)  1468.74 1506.40 

 
 
 
 

Table 2.  Fatty acids composition of diets (in % of identified 
fatty acids). 
 

Diets BL GO 

C14:0  0.09 0.28 
C16:0  13.28 18,.04 
C16:1 n-7  0.31 0.33 
C18:0   3.24 2.77 
C18:1 n-9  56.05 17.82 
C18:2 n-6  24.31 54.65 
C18:3 n-3  1.28 4.19 
C20:0  0.34 0.26 
C20:1 n-9  0.83 1.01 
C20:3 n-3  0.15 0.21 
C24:0  0.13 0.39 
C24:1 n-9  00.00 0.05 
SFA  17.07 21.74 
MUFA  57.19 19.21 
PUFA  25.74 59.05 
n-3  1.42 4.40 
n-6/n-3  17.07 12.43 

 
 
 
placed in plastics bag and frozen at -20°c until analysis. Abdominal 
adipose tissue were also removed and weighed individually.  
 
 
Laboratory analysis 
 
Analysis of diets 
 
Samples of diets were dried and stored for subsequent analyses. 
The dry matter (DM) was obtained using the drying oven at 103°C 
for 24 h and mineral contents was determined by ashing at 600°C 
for 8 h. Nitrogen was determined according to  the  Kjeldahl method 
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Table 3. Growth performances and carcass characteristics. 
 
Diets BL GO Dietary effect 
Body weight (kg) 42.02±3.30a 41.64±0.37a NS 
Gain Weight (g/ week) 681 ± 41a 650 ± 82a NS 
Eviscerated carcass weight (Kg) 19.36 ± 1.40a 18,66 ± 0.83b <0.05 
Carcass yield (%) 46.12 ± 2.10a 44.82 ±1.92b <0.05 
Abdominal fat weight (Kg) 0.60 ± 0.14a 0.64 ± 0.11a NS 
Cover fat thickness (mm) 3.00±1.5a 1.60±0.5b <0.05 
 

n = 5; Results expressed as mean and standard deviation; means in the same line with different 
superscripts are significantly different; NS: not significant. 

 
 
 

Table 4. Chemical composition of meat (g /100 g of muscle). 
 
 Diet BL GO Dietary effect 
Dry matter   29.0 1± 6.70a 27.50 ± 4.47b <0.05 
Mineral matters  2.74 ± 0.23a 2.84± 0.77a NS 
Proteins   19.16 ± 1.85a 17.27± 0.77a NS 
 

n = 5; Results expressed as mean and standard deviation; means in the same line with 
different superscripts are significantly different. 

 
 
 
(AOAC, 1990). The crude fiber was given according to the method 
of Vansoest et al. (1991). The starch was determined according to 
the polarimetric method of AOAC (1990). 
 
 
Analysis of meats  
 
Total lipids (TL) of each sample (diet or meat) were extracted by 
chloroform-methanol (2:1) according the method of Folch et al. 
(1957). Fatty acid (FA) of lipids were freed by saponification 
(NaOH), and then methylated by methanol–BF3 (Morison and 
Smith, 1964). The methylic esters of FA were separated and 
quantified by gas chromatograph (Perkin -Elmer AutoSystem XL) 
equipped with flame ionization detector and a capillary column (30 
m x 0.25 mm internal diameter). The operating conditions of the gas 
chromtograph were as follow: injector and detector temperature of 
220 and 280°C respectively. The oven temperature was 
programmed 45 - 240°C, with 20 - 35°C min-1. Aliquots of 1 µl were 
injected with bicyanopropyl phenyl silicone as a stationary phase. 
Hydrogen was used as conductor gas. FA peaks were identified by 
comparison with retention times of fatty acids methyl standards. 
Quantification was made by an internal standard (C17:0).  
 
 
Statistical analyses 
 
Data were analyzed using statistical analysis system (SAS) 
software (GLM procedure, SAS institute, 1989) and were expressed 
as mean and standard deviation (SD). Parametric values were 
compared with one way analysis of variance (ANOVA) and 
Bonferroni‘s tests. The level (P<0.05) was considered as the cut-off 
for significance. 
 
 
RESULTS 
 
Productive performance 
 
BW and weight gain (WG) values are presented in Table 3. 

During the 105 days of test, the WG observed between 
the two groups of lambs were comparable, (681 vs 650 g 
/week). With the same levels of ingestion and comparable 
contents of net energy (1468 and 1506 kcal, table 1), the 
two diets generated the same effects on the growth of 
lambs. 
 
 
Carcass parameters 
 
The carcass parameters are shown in Table 3. The 
eviscerated weight (EW) and carcass yield from lambs 
fed on GO reached a low final result weight compared to 
the control (p < 0.05). The same observation was valid for 
the cover fat thickness (p < 0.05) (3 mm of BL group vs 
1.6 mm of GO group). However, no significant difference 
(P < 0.05) was observed for the abdominal fat weight. 
 
 
Biochemical composition of meat   
 
Concerning the mineral matters and proteins, no 
significant difference was revealed between the two 
groups (Table 4). However, the content of the dry matter 
exhibited in the meat of animals fed GO diet was 
significantly lower (P < 0.05) compared to that of the 
animal’s control BL (27.7 vs 29.0%). The level of intra 
muscular lipid (Table 4) was significantly higher (p < 0.05) 
in the lambs fed GO than in those fed BL (3.88 vs 2.88 g 
/100 g). The fatty acids composition meat (table 5) showed a 
prevalence of palmitic, stearic, oleic and linoleic acids. The 
stearic acid content was in higher proportion (P < 0.05) in 
meat of animals of GO diet. On the  other  hand,  palmitic  
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Table 5. Total lipids (g/ 100 g of muscle) and fatty acids composition (in % of the 
identified FA) of femoris muscle fed oak acorns and barley based diets. 
 

Parameters BL GO Dietary effect 
Total lipids (g/ 100g)  2.83 ± 1.4a 3.88 ± 2.57b <0.05 
C14:0  3.55±1.3a 3.46±1.32a NS 
C16:0  25.50 ± 1.2a 23.67 ± 1.26b <0.05 
C14:1  0.55±0.29a 0.64±0.19a NS 
C18:0  18.19 ± 1.41a 20.87 ± 1.34a 0.05 
C16:1 n-7  3.19±0.32a 2.98±0.36a NS 
C18:1 n-9  41.05 ± 2.59a 39.93 ± 1.91a NS 
C18:2n-6  5.27 ± 0.76a 5.52 ± 1.68a NS 
C18:3n-3  0.37 ± 0.14a 0.42 ± 0.06a NS 
C20:0  0.15±0.04a 0.15±0.04a NS 
C20:1 n-9  0.80±0.32a 0.81±0.20a NS 
C20:4n-6  0.94 ± 0.31a 0.90 ± 0.69a NS 
C20:5n-3 EPA  0.07 ± 0.034a 0.08 ± 0.05a NS 
C22:5n-3  0.21 ± 0.10a 0.26 ±0.10a NS 
C22:ñ-3 DHA  0.05 ± 0.03a 0.09 ±0.04a NS 
C24:1 n-9  0.17±0.03a 0.13±0.03a NS 
SFA  47.34 ± 2.31a 48.15 ± 2.53a NS 
MUFA  45.76 ± 1.5a 44.49 ± 1.42a NS 
PUFA  6.91 ± 1.13a 7.35 ± 2.64a NS 
n-6/n-3  8.97 ± 1.29a 7.37 ± 1.46a NS 
PUFA/SFA  0.15± 0.06 a 0.15± 0.04a NS 
n-3   0.86 ± 0.16a 0.76 ± 0.23a NS 
Index of unsaturation1   1.19±0.02a 1.21±0.03b <0.05 
 

n = 5; Results expressed as mean and standard deviation; means in the same line with 
different superscripts are significantly different; NS: not significant; 1Index of unsaturation 
according to Girard et al. (1985), calculated as: [1(C16:1 + C18:1) + 2(C18:2) + 3 (C18/3)] / 
[(C16:1 + C18:1 + C18:2) + (C18:3)]. 

 
 
 
acid was higher (P < 0.05) in animals of control group 
than those on GO diets (25 vs 23%) and the myristic acid 
proportion was comparable between the two groups. The 
content of SFA was equivalent between the both groups 
(47 and 48%). Monounsaturated fatty acid (MUFA) 
showed the greatest level for both meat; oleic acid being 
the predominant constituent (41 and 40%), followed by 
palmitoleic acid (3.19 and 2.89%). The difference 
between the two dietswas not significant. 

Linoleic acid showed comparables proportions in 
meats of both groups (5.52 and 5.27%). Compared to the 
whole of PUFA, it accounted for 76.3 and 75.1% for GO 
and BL groups, respectively. However, the linolenic acid 
of BL’s animals was higher (P < 0.05) than that of GO 
animals (0.42 vs 0.37 %). Among the PUFA long chain, 
the prevalent FA is C20:4 n-6 (0.94 vs 0.90%); C22:5 n-3 
(0.21 vs 0.26%). The C20:0 and C20:1 n-9 present in 
diets, was found in appreciable quantities in meats. On 
the other hand, five among PUFA long chain absent from 
diets (C20:2; C20:4; C24:1 n-9; C22:5 n-3 and C22:6) 
were found in the meats of the two groups. The n-6 /n-3 
ratio in the meat of GO group was lower than that in the 
BL diet (7 vs 9%). PUFA: SFA ratio was equivalent in two 

groups (0.15 in both groups). The lipid unsaturation index 
in GO group was significantly higher (p < 0.05) than the 
one of BL group (1.21 vs 1.19). 
 
 
DISCUSSION 
 
No significant difference was observed for the growth 
performances. However, the lambs fed GO diet at the 
beginning of the test, presented a speed growth slightly 
lower than those fed BL diet. It is possible that the high 
content of fat in GO diet (6.5 Vs 2.5%) affected the 
growth of lambs. According to Gadoud et al. (1992) and 
Normand et al. (2005), the percentage of lipids in 
ruminants diets is limited to 5%. These authors confirmed 
that the dry matter degradation was weaker with diets 
enriched with fat. In the same way, Rondia et al. (2003) 
reported that the growth can be affected by the high 
content of dietary fat which disturbs the rumen 
functioning. Ultimately, and in spite of these factors which 
can affect the digestive use of the diet, the absence of 
significant difference between the final weights of lambs 
of the two groups indicated that those fed GO  diet  have  an 



 
 
 
 
equivalent nutritional aptitude  than the BL diet. 

In the carcass of animal’s GO diet, the low thickness of 
subcutaneous fat may be explained by starch quality of 
oak acorn which contributed to the inhibition of 
lipogenesis and it appeared that the high lipids content of 
GO diet (6.5 vs 2.5%) did not contribute to increasing the 
cover fat. This observation corroborates Normand et al. 
(2005) indicating that the lipidic contribution even higher 
than 5% in diet does not appeared to have a high 
incidence on the thickness of cover fat. However, in spite  
of the difference observed between the subcutaneous 
fats of the two groups, the fat thickness observed remains 
in the recommended standard (1 - 3 mm) constituting an 
optimum for the carcasses. Indeed, Debrot and Constantin 
(1968) recommended that it should not exceed 5 mm. 

The dry matter and mineral matters contents appeared 
relatively higher in animals of both groups. Gruszecki et 
al. (1999) reported 25.5% for the dry matter and 1.05% 
for mineral matter in goat meat. The proteins content of 
meat of the BL group was higher compared to GO diet 
but equivalent to that given by Gruszecki et al. (1999) 
which is 19.30%. The intramuscular lipids observed in the 
leg of GO were higher than those mentioned in the BL 
diet (3.88 Vs 2.83%). These results appeared relatively 
comparable with research of Chesneau et al. (2004) with 
linseed based diet which allowed increasing the 
intramuscular lipids of the young bovines Charolais from 
3.2 - 3.7%. According to Tshabalala (2003) and Bas et al. 
(2005), these intramuscular lipidic contributed to a better 
nutritional quality. In this context, Chesneau et al. (2004) 
reported that the nature of diet influences the rate of 
muscular lipids. In lambs fed GO diet, the increase of the 
quantity of available energy of diet affected the 
abdominal fat (about 27%). Our results corroborate those 
obtained on the kids of local race of South-West of 
Morocco (Bas et al., 2005). 

The contents of SFA observed in meat of the two 
groups were lowers than the rate of 50% reported by CIV 
1996 (centre d’information des viandes, France) in 
muscle of lamb and beef, but there were comparable with 
those reported by Chesneau et al. (2004) found with 
young bovines. The high rates observed in this test were 
explained by bio-hydrogenation process in rumen of 
unsaturated fatty acids into SFA. The proportions in oleic 
acid observed at the two groups were comparable with 
those reported by Chesneau et al. (2004) on white 
bovines fed a diet enriched with 5% of extruded linseed, 
but relatively lower than young bovines Charolais. 
Comparables results were observed by Bas et al. (2005) 
on kids fed leaves of argane and receiving 40% of corn 
as concentrate. Within this framework, we are tempted to 
bring back the results Bouderoua et al. (2009) realized on 
broilers fed oak acorn (Quercus ilex) based diet in which 
similarity to our results were obtained in the thigh muscle 
compared to the control group (41 vs 38%). In the same 
context, this might be explained in lambs fed the GO diet 
by the proportion and nature of starch less digestible than 
that contained in the barley. Thus, there will be  less  sub- 
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strate for hepatic lipogenesis (Mourot and Hermier, 
2000). The quantities of C20:0 and C20:1 found in the 
meat of GO diet compared to those in the control diet 
showed that they were only subjected to a weak bio-
hydrogenation (Ashes et al., 1992). On the other hand, 
C24:0 and C20:3 were entirely hydrogenated in rumen 
lambs, since no trace was found in the meat of the two 
groups. 

According to Gruszecki et al. (1999), the prevalent 
PUFA in meat of lambs are C18:2 n-6 and C18:3 n-3. 
This observation appeared clearly in lamb meat of our 
trial: 75 to 76% of PUFA respectively. The PUFA contents in 
muscles of both groups were higher compared to the 
content reported by Gandemer (1998) which indicated 
that the intramuscular lipids contain 2 - 3 % of PUFA in 
ruminants against 20 - 25% in broilers. Lower contents 
were found by Bas et al. (2005) and which varied 
between 1.1 and 4% realized on young goat fed with 
concentrate and reared on the argane pulp. The content 
of C18:3 n-3 obtained in the meat of GO group was in 
conformity with the observation of Beriane et al. (2000) 
which reported proportions varying between 0.42 to 1%. 
Their presence would result from an exogenous supply of 
PUFA, following the bio-hydrogenation phenomenon 
(Harfoot and Hazlewood, 1997). Generally, the contents 
of total PUFA of muscle were higher in GO group than 
that based on barley (7.4 and 6.9%). In this context and 
considering the high content of intramuscular lipids of GO 
group compared to the BL group (3.8 vs 2.8%), the 
quantitative representation of the PUFA was higher in the 
GO group. 

In this context, Doreau and Chillard (1997) estimated 
that the PUFA long chain is entirely hydrogenated in the 
rumen. The synthesis of C20:2; C20:4; C22:5 n-3 and 
C22:6 n-3 (DHA) corresponds to the observations of 
Harfout and Hazlewood (1997) and Sauvant and Bas 
(2001) which reported that an endogenous synthesis of 
these fatty acids can be carried out starting from the short 
precursors such as the volatile fatty acids and glucose. 
The content of C20:4 n-6 observed in this trial was in 
agreement with those found by Sonnetag (1979) who 
showed that these fatty acids constitute less than 1% of 
bacon or tallow. Absent in both diets, C20:2 was 
synthesized by the rumen flora of GO diet, and was 
probably linked to high lipidic substrate. However, this 
fatty acid was not synthesized by the animals of BL diet. 
Generally, the PUFA long chain is uncommon in meat, which 
could give the impression of a very weak activity of the 
desaturases �5 and �6 as it clearly shown by Chesneau et 
al. (2004). The C20:5, C22:5 and C22:6, numerous in 
marine oils (Aidos et al., 2002), are also found in the 
muscle of leg of the two animals groups. 

The n-6/n-3 ratio of 7.37 in GO group remains overall 
lower compared to 8.97 obtained in the BL animals and 
the value of 11 reported by Normand et al. (2005) for the 
ruminant’s meat. They remained on the whole, beneficial 
to human health compared to the nutritional ratio equal to 
5 as reported by Martin (2001). PUFA: SFA ratio equivalent 
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to 0.15 obtained from the meat of both groups remained 
very weak. This corroborates the value varying between 
0.11 and 0.15 recorded by Wood and Enser (1997) in 
meat of bovine and lamb. This ratio remains lower than 
the value of 0.45 recommended for red meat in human 
nutrition. This can be improved by incorporating green 
forage in diets of lambs. 

In conclusion, according to the nutritionists’ 
recommendations concerning the n-6/n-3 and PUFA/SFA 
ratios, natural increase in sheep meat in unsaturated fatty 
acids useful for health, via feeding are advocated. The 
young green grass constitutes a diet naturally rich in 
linoleic acid (C18:3 n-3) which constitutes a good way to 
increase the content of these PUFA in the meat and to 
make it more nutritionally appealing. Green grass resources 
undergo a less severe hydrogenation of the C18:3 n-3.  
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