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Abstract

HE PRESENT work aims to study the influence of the incorporation of olive oil in the diet of

quails at different proportions: control C (0%), E1 (2%) and E2 (4%). 360 quails of one day of
age were randomly divided into three groups of 120 individuals and reared on the ground for five
weeks. The weight of the subjects and the feed intake were recorded weekly. The results showed that
quails-fed olive oil showed better zootechnical performances (average live weight, average daily gain
and feed conversion ratio) than the control group, with an even better effect in the E2 group. The
average live weights at the fifth week were 184.1g for the E2 group; 181.6g for the E1 group versus
178.1g for the C group, corresponding to average weight gains of 5.1; 5.0 and 4.9 respectively. The
feed conversion ratio seems to be positively influenced by the incorporation of olive oil since it goes
from 5.04 in group C to 4.51 in group E2 and 4.65 in group E1. Moreover, the incorporation of olive
oil did not modify the blood parameters of the animals nor the weight of the carcasses and organs,
except for the weight of the heart, the quail of group E2 being the heaviest (P=0.001). Therefore,
olive oil may represent an interesting alternative for improving the feed efficiency of Japanese quails.
However, further studies are needed to estimate the economic efficiency of this strategy as well as the
optimum rate of olive oil incorporation.
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Introduction The Japanese quail Coturnix japonica or Coturnix
Japonica domestica [4], is a small bird belonging to
the order Galliformes, family Phasianidae and native
to Japan and China [5]. It constitutes a very
interesting poultry for protein production [6]. In
addition, it is easy to set up breeding due to the
productive and reproductive performance of this
species [5]. Indeed, rapid growth and early breeding
characterize the quail. It is breeding also allows the
diversification of poultry farms by offering
consumers new tastes [7]. Quails have been known
since ancient times in European, Asian and African
countries. They have gained economic importance as
a poultry species producing eggs and meat valued for
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Throughout the world, poultry farming has focused
mainly on the production of eggs and broiler chicken
to meet the increased demand for animal proteins.
Algeria is no exception, and has launched, for about
forty years, of developing the poultry sector based
mainly on the species chicken (Gallus genus) and
more recently on the turkey [1, 2]. However, the
price of poultry meat has risen dramatically in recent
years [3]. especially during the summer and religious
holidays. In addition, the breeding of quails can be an
interesting alternative.
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their different flavor from large poultry and their
high nutritional value [8].

For the success of a poultry farm in general and
of quail in particular, the control and improvement of
feed, representing two-thirds of production costs, is
essential. Today, poultry feed covers almost all
nutritional needs. Deficiencies are rare and are
usually due to problems of absorption or, even more,
to human error. According to Leclercq [9], the
incorporation of fats such as olive oil in poultry feed
increases the energy density and thus improves the
zootechnical performance of the animals. According
to Bilal et al. [10], it also positively influences the
health of poultry. In addition, olive oil is rich in
essential fatty acids (omega 3 and omega 6) and
antioxidants beneficial to the body. Indeed, the
results of the Anses study [11], have demonstrated
the beneficial effect of a good ratio of omega-
6/omega-3 (close to 1) in poultry feed on their
growth rate and their physiological functions.

Mediterranean countries represent 65% of the
world's cultivated area of olive trees with the largest
producing countries being Spain (45%), Italy (31%)
and Greece (22%) [12]. Algeria is among the main
Mediterranean  countries producing olive oil
(Oleaeuropea L.), and the Chemlal variety is the
most exploited. With an area of more than 450,000
ha, several olive trees reaching 6200000 trees, the
national production of olive oil reached nearly 70000
tons in 2018 [13]. Unfortunately, some of the olive
oil harvested in this region is unfit for human
consumption, which led us to consider its use in
animal feed, as it is a source of energy, necessary for
growth and production. The present work aimed to
study the effect of olive oil incorporated in the feed
at increasing rates, on the zootechnical, biochemical
and carcass characteristic performances in Japanese
quail..

Material and Methods

Experimental protocol and rearing behavior

360 quail (Coturnix japonica) of one-day age
were randomly divided into three groups of 120 birds
with 10 replicates for each group. The control group
C received a commercial feed. The raw components
of the feed distributed are: corn grain, soybean meal,
wheat bran, sodium bicarbonate, limestone,
phosphate, soybean oil, mineralovitamin complex,
synthetic amino acids and enzymes. The diet
chemical analysis covered dry matter, crude ash,
ether extract (NA654-1992), crude protein (NA652-
1992) and crude fiber (Table 1). The other two
experimental groups E1 and E2 received the same
basal diet of (C) to which 2% and 4% olive oil were
manually incorporated, respectively. The oil used
was that of olives (Olea europea L. var.Chemlal) and
produced in the region of Bouira, Algeria. Feed and
water were distributed to the quails ad libitum.
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During the five weeks of the trial, a daily control
of the rearing house carried out. A gas heater
provided the heating; the temperature monitored and
regulated according to the age of the quails. The
quails continuously illuminated with a 100-Watt
lamp during the first five days of rearing. After the
5™ day, a specific lighting program of type 16L/80
(L: light, O: darkness) was applied. Weekly during
the five-week experiment, individual body weights
were monitored and the amounts of feed intake
(amounts distributed - amounts refused) were
recorded by group. The average weight gain of
experimental quails was deducted (final quail weight
- initial quail weight; per period) and feed conversion
index was calculated. Mean daily gain (MDG) was
calculated (weight gain/ number of days per period),
total intake of individual quail of all experiment was
recorded and global daily intake (total intake/35
days).

Blood parameters

Blood samples were taken to measure the
following biochemical parameters by
spectrophotometry. Two to five milliliters of blood
were collected in heparinized tubes and centrifuged
at 3000 rpm for 10 minutes. For each sample, the
plasma was collected and aliquoted into eppendorf
tubes, stored in a cooler, and then placed in a freezer
at -20°C for subsequent assays for determination of
glucose, cholesterol, triglycerides, total protein, urea
creatinine and uric acid. Biochemical assays for each
parameter were determined using a
spectrophotometer (LKB Novastek) according to the
commercial kit SPINREACT.SA. Spain.

Slaughter parameters

Animals were weighed before slaughter by
bleeding, which was performed on the 35" day of
age. After bleeding, the weights of the viscera (heart;
liver; full gizzard; empty gizzard; pro-ventricle) and
the weight of the eviscerated carcass were
determined.

Statistical analysis

The data are represented by the least mean square
+ standard error. An analysis of variance, using SAS
software (Statistical Analysis Systems Software,
2001) was performed to compare the results obtained
for the different parameters studied between the three
experimental groups. The results were considered
different when the value of P was lower than 0.05.

Results
Live weight and weight gain

The results showed no significant difference
(P>0.05) during the first four weeks of rearing for the
live weight and weight gain parameters of the
animals of the different groups studied (Table 2).
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During the fourth and fifth weeks, the difference
in live weights was not significant between the three
groups C, El and E2 but a trend in results was
noticed (p= 0.055) during the fifth week. Indeed,
subjects in group E2 (154.29+1.50g; 184.09+£1.76g)
showed a higher live weight versus the subjects in
group C (151.27+1.50g; 178.11£1.75¢g) and those in
group E1 (152.51+1.53g; 181.62+1.80g) in the last
two weeks, respectively. In addition, the mean daily
gain MDG of group E2 was higher (P=0.018) than
that of group C (5.06+0.05g vs. 4.89+0.05g) and
group E1, (5.06+£0.05g vs. 4.99+0.05g; P=0.18),
respectively, although the overall difference between
the three groups was not significant (P=0.063). It
should also be noted that the incorporation of olive
oil had no impact on the mortality rate of the quail,
which was similar for the three groups, with a peak
noticed during the first days of the installation.

Feed intake

No significant difference was observed between the
three experimental groups on the average daily feed
intake (P>0.05) per rearing week (Table 3). However,
the difference in the overall average daily feed intake
of the quails of the three groups was highly significant
(P<0.0001); the quails of group C fed the control diet
without incorporation of olive oil ingested greater
quantities compared to the quails of the other two
experimental groups fed a diet supplemented with
olive oil. As a result, the feed conversion of animals in
the control group C was significantly (P<0.0001)
higher than that of birds in groups E1 and E2. On the
other side, feed conversion was improved adding olive
oil.

Blood parameters

The values recorded for the blood parameters
(Table 4), were similar between the three experimental

groups with no significant difference (P>0.05)
obtained
Slaughter parameters

In comparison among the groups, the quails of
the E1 and E2 groups appear to be heavier in
absolute value than those of the control group (Table
5). The results also showed that there was no
significant difference in carcass weight among the
three groups (p>0.05).

Regarding the viscera, no significant difference
was observed with the weights of liver, solid gizzard
and proventricle among the birds of the three groups
(p>0.05). However, the incorporation of olive oil in
the diet had a significant effect on heart weight
(P=0.001); quails fed the experimental diets of E1 or
E2 had a heavier heart than those fed the control diet.

Discussion

Average live weight

The average weight at the first week of age
recorded in the quails among the different groups
(Table 2), was close to that reported by Ozbey et al.
[14] of 28.6g, but higher than the weight obtained by
Almeida et al. [15] of 21.4g. At the second week, the
average weight recorded among the different groups
(Table 5), was higher than the value of 47.2g
reported by Adeogun and Adeoye [16]. The genetic
type of the quails used could explain this variability
in weight; some lines were early for meat production,
while others were ecarly for egg production.
Furthermore, Ozbey et al. [14] reported an average
weight of 178 g at the sixth week of age, which was
already reached at the fifth week of this trial by the
birds of the three groups and even exceeded by the
birds of the groups fed a diet with olive oil (181.6 g
for group E1 vs. 184.1 g for group E2). This may be
related to the quality of the feed distributed with
more than 23% crude protein (Table 1), to the good
rearing conditions, as well as to the positive effect of
the olive oil incorporation for the E1 and E2 groups
that were the heaviest. In broilers, Fraga et al. [17]
showed that an intake of 2.5% of sunflower oil
improves the growth of the chicken, due to the high
proportion of linoleic acid.

Feed intake

The average feed intake per quail of C group in
the first week of age (3.11 g) was close to the value
(5.31g/quail/day) reported by Nazligul et al. [18]. On
the other hand, the daily intake of quails for groups
El and E2, 8.38 vs. 8.68, respectively was higher
than Nazligul et al. [18]. During the whole study
period, the overall daily intake recorded for the three
groups was higher than (14.4 g/quail/d) that reported
by Dzhuvinov and Mihailov [19]. This can be
explained by the influence of the diet used and the
rearing management. These results showed that the
overall daily intake was lower in quails of groups E1
and E2 compared to C group. Veldkamp et al. [20]
reported that increasing the energy concentration of
the diet leads to a decrease in feed intake and rapid
growth.

Average daily gain and feed conversion

Carbohydrates (sugars, starch) and lipids (fats
of animal or vegetable origin) were the main sources
of energy. Indeed, fats from oil mills (vegetable oils)
or slaughterhouses (tallow, fat, lard) were important
sources of metabolizable energy for poultry diet [21].
They increased the energy value of the feed while
decreased feed conversion rates. The highest average
daily gain was recorded during the first weeks of age,
reflecting very rapid growth at start-up in quail.
Between the first and fifth week of age, the MDG
indicated a rapid growth during this period, which
was well marked in groups E1 and E2. Lessire [22]
indicated that the incorporation of fats (oils or
oilseeds) in poultry feeds increased the energy
density, thus improving the growth performance of

Egypt. J. Vet. Sci.



4 DAHIA SAIDJ et al.

the animals, especially broilers [23]. Thus, Ciewe
Ciake [24]. reported an average weight gain of 68.45
g in subjects receiving a diet containing 1% peanut
oil compared to 64.89 g for the control group
receiving a feed that did not contain peanut oil.
Moreover, according to Parigi Bini [25]. Vegetable
fats better used and absorbed than animal fats,
because vegetable fats were rich in unsaturated fatty
acids, which essential for chicken, such as linoleic,
linolenic and arachidonic acids. Therefore, poultry
was an excellent means of favorably modifying the
nutritional status of fats, particularly by enriching
meat with Omega3 [26]. Indeed, the digestive
physiology of birds preserved relatively well the
polyunsaturated fatty acids they consume. Trials by
Galea et al. [27] showed that a decrease in the ratio
of w6 PUFA/®3 PUFA (polyunsaturated fatty acids)
or an increase in an important ®3 PUFA family fatty
acid such as DHA (docosahexaenoic acid) could
change the fatty acid profile of the egg produced.

During the rearing period, quails fed a diet
with olive oil incorporated, regardless of the rate (2%
or 4%), showed the lowest feed conversion
associated with the highest average daily gain. The
bibliography pointed out that the better the diet
quality, the lower the feed intake and the better the
feed efficiency [28, 29]. Larbier and Leclercq [30]
showed that the energy level of the feed was
negatively correlated with feed intake and feed
conversion ratio; increasing the energy level always
leads to an improvement in feed conversion ratio and
growth rate.

Metabolic profile

Glucose level was the primary parameter for
assessing carbohydrate metabolism [30]. Basal blood
glucose was influenced according to Leclercq et al.
[31] by the genetic origin of the animals, their age
and nutritional status. Scholtz et al. [32], showed a
highly significant difference between the males and
females of adult quails at 16 weeks of age, which is
more than understandable given that these quails are
not only reproducing (their metabolic needs are
focused on the synthesis of reproductive hormones),
but are also at the peak of egg-laying, which requires
a lot of glucose, protein, cholesterol and triglycerides
to set the eggs (the white, the yolk and the egg).

The results showed slightly higher blood glucose
values in the animals of the group fed the diet richest
in olive oil but without any significance. This seems
to be explained by the energy level of the feed. The
liver is the main site of cholesterol synthesis and its
conversion to bile acids. In addition, triglycerides,
non-esterified fatty acids and phospholipids often
increase  with increasing cholesterol levels.
According to Lamant [33], the assimilation of
saturated fatty acids increased plasma cholesterol
levels, unlike polyunsaturated fatty acids (omega 3),
which according to the study by Kouakou et al. [34],
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when assimilated in large quantities, reduce the total
cholesterol content by 38.6%, thus improving the
nutritional quality of the products. The results
regarding blood cholesterol levels in animals of
groups El1 and E2 closed to those observed in
animals of the control group, which could be
explained by the low incorporation rates of olive oil
in this study.

The increase in triglycerides can attributed to the
energy level of the feed. In fact, excessive energy
intake throughout the rearing period and the ad
libitum feeding method wused, intensify lipid
metabolism. This hypothesis was not far from that of
Hassan and Leqlercq [35], who suggested that
overfeeding increases lipogenesis by increasing
hepatic anabolism, which, together with other factors
(minerals, vitamins, lysine, etc.), contributed to the
transfer of triglycerides from the liver to the blood.
This may explain the slightly elevated the blood
triglyceride levels in of group E2 animals. Most
plasma proteins, except for immunoglobulins
produced by B cells, can used as indicators of the
liver’s ability to synthesise protein. The capacity to
synthesize proteins reduced after cellular damage.
When this phenomenon was significant, plasma
levels of these proteins tended to decrease, indicating
that the rate of synthesis required to maintain normal
plasma levels was low. Rather, the decrease in
plasma proteins reflected chronic damage [36].
Protein levels in quail were consistent with the
control group [37]. Higher levels (37.5 to 48.7g/l)
observed in the Japanese quail monitored in the work
of Ayub Ali ef al. [38] and even much higher (304.64
g/1) in the work of Kabir [39].

Creatine synthesized from amino acids (glycine,
arginine and methionine) with the final step
occurring in the liver. The kidneys only excreted
creatinine. In birds, creatine excreted in the urine
before it converted to creatinine. Urinary excretion of
creatine may be one reason why creatinine levels do
not provide an accurate assessment of avian renal
function [36, 40]. In the present experiment, plasma
creatinine levels were not affected by the inclusion of
olive oil in the diet. The results of creatinine obtained
were very similar to those reported by Scholtz et al.
[32]. During protein catabolism, proteins e degraded
into amino acids, the deamination of which led into
the formation of ammonia. Ammonia was almost
exclusively absorbed by the liver, which then
converted it into urea, which was excreted by the
kidneys through glomerular filtration. Animal
hydration was an essential parameter in poultry
farming and urea generally used as a sensitive
indicator of dehydration. When poultry were
properly hydrated, all filtered urea was excreted,
whereas in dehydrated poultry (almost all) filtered
urea was reabsorbed [41]. However, uric acid was
the main form of nitrogen excretion, because unlike
other animals, they do not produce urea, which
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explains the low values obtained in this experiment
without considering the type of feed distributed.

Carcass parameters

The results of live weights and carcass weights
showed values of 183.6g and 140.1g, respectively,
close to those obtained by Konca ef al. [42] in his
control group. Lower values (111.58g and 65.7g)
were recorded by Caglayan & Erdogan (2013). The
liver weights of the quails were similar to the control
group [42, 43 & 44]. Lower weights were reported
by Khaksar ef al. [45] and Makinde et al. [46]. At the
same age (35 days), Stanquevis et al [47] found that
the liver weight of the quails was higher than that of
the quails in this experiment, probably because the
live weight of the quails was also greater; the liver
weight is proportional to the live weight of the
animals. According to Huart [48], the incorporation
of fat in the feed induces a decrease in its fiber
content. According to Akiba and Matsumoto [49],
high fiber diets decreased hepatic lipogenesis
resulting in a reduction of hepatic lipid deposition
and fatty acid synthesis from glucose. This may
explain the increase in liver weight of quails in the
E2 group although this difference was statistically
insignificant.

The results obtained in this experiment showed a
heart weight of C group quails comparable to that
reported by Attia et al. [50], Konca et al. [42] and
Tufan et al. [37] while lower weights were reported
by Tarhyel ef al. [51] and Makinde et al. [46]. High
heart weight may be associated with high metabolism
and the need for large volumes of blood flow for
greater nutrient supply to tissues and increased
removal of metabolic waste [52]. This may explain
the impact of olive oil incorporation in the diet on
heart weight, which was heavier in E1 and E2
groups. A diet rich in unsaturated fatty acids,
including n-6 PUFAs, reduced the risk of
cardiovascular disease. Indeed, studies showed that
as dietary intakes of n-6 PUFAs increased,
cardiovascular risk factors decreased by up to 30%
[53, 54], with likely increases in heart muscle weight.
No differences recorded in the proventricular and
gizzard weights of animals in the different groups.
The gizzard weight recorded in this study was
comparable to that obtained by Hena et al. [55] and

Tarhyel et al. [51] (4.06 to 4.44g), but heavier than
the weight recovered by Makinde et al. [46] (2.23 to
3.59g).

Conclusion

Olive oil is a source of energy and takes a unique
place among the feed oils produced in Algeria. In
this experiet, the incorporation of olive oil (rich in
omega 3 and 6 polyunsaturated fatty acids) in the diet
of Japanese quail led to an improvement in
zootechnical performance, carcass and heart weight
without any variation in the metabolic profile, lower
feed consumption and feed conversion ratio with a
high average daily gain giving an ideal average
weight for the subjects that received a feed
containing olive oil, this improvement was
proportional to the quantity of oil incorporated. This
incorporation could increase egg production in quail
breeders and/or improve egg quality, given the
effectiveness of incorporation at a late age during the
trial (positive but late incorporation effect, noticed
from the 4™ week of age). Also, our results suggest
the interest of further work to determine the
composition as well as the organoleptic and dietary
quality of the carcass. The use of olive oil to improve
the performance of poultry seems to be a feasible
option. However, it raises the question of the
economic efficiency and the limits of this solution.
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TABLE 1. Proximate composition (% on DM) of the basal diet distributed

Dry mater Crude ash  Ether extract Crude protein Crude fiber Metabolizable
(DM) (N%6.25) energy(kcal/kg)*
90.73 6.16 4.72 23.38 3.95 3558.55

N: nitrogen * : ME (MJ /kg DM) = 16.063-0.115EE-0.027CP.
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TABLE 2. Average weekly weight of quails and average daily gain during the rearing period (LSM=+ SE)

Group
Parameter (g) C (Control) El1 (2%) E2 (4%) P Value
Weight at d1 6.89 +0.01 7.02+0.01 6.98+0,01 0.601
Weight at W1 28.01+0.48 28.62+0.49 27.79+0.68 0.465
Weight at W2 65.37+0.88 66.35+0.89 65.19+0.87 0.610
MDG at W1-W2 4.18+0.06 4.24+0.06 4.16+0.06 0.643
Weight at W3 113.3£1.28 113.8+1.31 112.1£1.29 0.628
Weight at W4 151.3£ 1.50 152.5+1.53 154.3+1.50 0.359
Weight at W5 178.1£1.75* 181.6+1.80 * 184.1+1.76 ° 0.055
MDG W3-W5 5.37+0.09 * 5.49+0.09 * 5.65+0.09° 0.101
MDG W1-W5 4.89+0.05 * 4.99+0.05 *° 5.06:0.05 ° 0.063
> Means with different letters on the same row differ significantly (P<0.05) MDG; mean daily gain. W: week.
TABLE 3. Variation in feed intake and feed conversion ratio during the rearing period (LSM= SE).
Group
Parameter (g) C (Control) E1 (2%) E2 (4%) P Value
Daily feed intake at W1 3.11+0.61 8.38+0.61 8.63+0.61 0.643
Daily feed intake at W2 20.59+0.83 19.73+0.83 18.37+0.83 0.180
Daily feed intake at W3 23.62+0.85 22.55+0.85 22.27+0.85 0.468
Daily feed intake at W4 30.39+1.66 29.22+1.66 28.73+1.66 0.772
Daily feed intake at W5 38.74+1.61 35.35+1.61 34.59+1.61 0.172
Total feed intake 854.2+7.46 * 804.5+7.67 ° 788.6+7.49 ° <0.0001
Global daily feed intake 24.4+0.21° 23.0+0.22° 22.5+0.21° <0.0001
Feed conversion 5.04+0.06 * 4.65+0.06 ° 4.51+0.06 <0.0001
b Means with different letters on the same row differ significantly (P<0.05). W: week
TABLE 4. Some of blood plasma parameters of quails among the experimental groups (LSM= ES)
Group
Parameter C (Control) El (2%) E2 (4%) P Value
Glucose (mg/dl) 3.15+0.13 3.44+0.13 7.32+0.12 0.799
Triglycerids (mg/dl) 2.39+0.54 2.49+0.53 3.15+0.50 0.529
Cholesterol (mg/dl) 1.86+0.11 1.88+0.11 1.87+0.10 0.862
Total proteins (g/dl) 23.62+5.04 28.94+4.84 27.55+4.51 0.951
Urea (mg/1) 0.11+0.01 0.11+0.01 0.11+0.01 0212
Creatinin (mg/dl) 3.64+2.45 3.79+2.45 4.18+2.42 0.708
Uric Acid (mg/dl) 318.274£57.57 276.76+£52.57 330.27+58.62 0.344

TABLE 5. Comparison of slaughter parameters of quails among the experimental groups (LSM= ES)

Group

Parameter (g) C (Control) E1 (2%) E2 (4%) P Value
Final live weight 181.3+35.23 184.7+35.29 189.7+35.23 0.304
Hot carcass 137.6+2.55 139.542.65 143.342.65 0314
Liver 3.90+0.16 3.79+0.16 4.13+0.16 0.304
Heart 1.52+0.04° 1.66+0.04° 1.73+0.04° 0.001
Full gizzard 4.87+0.15 4.8440.15 4.94+0.15 0.879
Empty gizzard 3.40+0.11 3.43£0.11 3.36+0.11 0.908
Pro-ventricle 0.75+0.03 0.76+0.03 0.79+0.03 0.616

> Means with different letters on the same row differ significantly (P<0.05)
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