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Antioksidan pada Puyuh Bertelur)
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ABSTRACT

This study was conducted to determine the effects of rosehip (RS, Rosa canina L.) supplementation on the performance,
carcass traits, meat quality, serum antioxidant activity, egg yolk pigmentation and fatty acid composition of laying quail.
A total of 120 10-week-old laying quail were divided into 5 treatment groups with 8 replicates. The treatments were as
follows: the first group was fed control diet (C, no rosehip addition), other groups (2, 3, 4 and 5) were fed with diets
containing 2.5, 5, 10 and 15% RS, respectively. The body weight (BW), feed consumption (FC) and egg yield were not
affected by the treatments. However, egg weight and egg mass increased with 5 and 10% RS supplementation (P<0.01).
The breast meat s dry matter, crude protein, ash, fat, drip loss, thawing loss, cooking loss, postmortem pH1 values and
the colour were not statistically influenced by RS supplementation. Rosehip supplementation caused a decrease in the L*
values of egg yolk colour, however, the redness (a*) and yellowness (b*) values of the egg yolk was higher than that of
the C group (P<0.01). Rosehip supplementation did not change the fatty acid composition of egg yolk. Rosehip addition
at 2.5 and 5% ratio to diets decreased serum malondialdehyde (MDA), and increased serum superoxide dismutase (SOD)
levels (P<0.01); while addition of 10 and 15% RS caused an increase in serum MDA and decrease in serum SOD levels
compared to C group (P<0.01). In conclusion, rosehip as a feed ingredient in quail diets can be used to increase egg
weight, egg mass and egg yolk pigmentation and low (2.5 and 5%) RS supplementation may decrease serum oxidant
activity but not high concentrations (10 and 15%) of RS.
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ABSTRAK

Kajian ini dijalankan untuk mengenal pasti kesan penambahan rosehip (RS, Rosa canina L.) kepada prestasi, trait karkas,
kualiti daging, aktiviti antioksidan serum, pigmentasi kualiti telur dan komposisi asid lemak daripada puyuh bertelur.
Sejumlah 120 puyuh bertelur berumur 10 minggu telah dibahagikan kepada 5 kumpulan terawat dengan 8 replikasi.
Rawatan dijalankan seperti berikut: kumpulan pertama telah diberikan diet yang terkawal (C, tiada penambahan
rosehip), kumpulan lain (2, 3, 4 dan 5) masing-masing telah diberikan diet yang mengandungi 2.5, 5, 10 dan 15% RS.
Berat badan (BW), pengambilan makanan (FC) dan hasil telur adalah tidak terganggu dengan rawatan. Namun, berat
telur dan jisim telur telah meningkat sehingga 5 dan 10% dengan penambahan RS (P<0.01). Bahan kering daging dada,
protein kasar, debu, lemak, kehilangan air, kehilangan cecair, kehilangan selepas memasak, nilai postmortem pH I dan
warna adalah tidak dipengaruhi secara statistik daripada penambahan RS. Penambahan rosehip telah menyebabkan
pengurangan dalam nilai L* daripada warna kuning telur, namun, nilai warna kemerahannya (a*) dan kekuningan
(b*) kuning telur adalah lebih tinggi daripada kumpulan C (P<0.01). Penambahan rosehip tidak mengubah komposisi
lemak asid kuning telur. Penambahan rosehip pada nisbah 2.5 dan 5% kepada diet menunjukkan pengurangan serum
malondialdehid (MDA) dan meningkatkan paras serum superoksida dismutase (SOD) (P<0.01): dengan penambahan
RS 10 dan 15% telah menyebabkan peningkatan dalam serum MDA dan pengurangan dalam serum paras SOD jika
dibandingkan dengan kumpulan C (P<0.01). Kesimpulannya, rosehip sebagai bahan makanan untuk diet puyuh boleh
digunakan untuk meningkatkan berat telur, jisim telur dan pigmentasi kuning telur dan penambahan redah RS (2.5 dan
5%) mungkin menurunkan aktiviti pengoksidaan serum tetapi tidak kepada kepekatan RS yang tinggi (10 dan 15%).

Kata kunci: Asid lemak; kapasiti antioksidan; pigmentasi kuning telur; puyuh; roschip
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INTRODUCTION

There is growing interest in herbal products grown in wild
and uncontaminated areas due to their pharmacological
properties, antioxidant activities and other specific
functional properties in the body (Egea et al. 2010; Gao
et al. 2000). New findings support some herbs have
strong effect on health care and they can change gene
expression in cancer cells (Valdés et al. 2013). In order
to maintain a healthy and well-balanced diet (Ercisli
2007), consumers are willing to pay more for these
products and there is a desire for a wide variety of choice.
The Council of the European Union declared (EC No
1831/2003) that Rosa canina can be used as a natural
feed additive for animals, with the code 403 -70/524/
EEC. From a nutritive point of view, rosehip (RS) is rich
in vitamin C, phenolic, carotenoids, some minerals,
essential oils, and healthy fatty acids (Nowak 2005a).
Moreover, rose species have important pharmacological,
anti-inflammatory and antioxidant activities (Gao et al.
2000) and immunomodulatory effects (Sadigh-Eteghad et
al. 2011). Nowak (2005b) showed that the essential oils of
rosehips are made up of a complex mixture of about 400
compounds including a wide range of aldehydes, acids
and esters. Egea et al. (2010) reported that the phenolic,
carotenoid and ascorbic acid content of Rosa canina is
much higher than that of most other fruits. Ercisli (2007)
observed that Rosa canina is higher in total phenolic
content (96 mg GAE/g DW) compared to some other
Canina species. Rosa species are rich in carotenoids and
it has a characteristic intense reddish colour due to its
carotenoid pigments and it can be used as an alternative
colorant source (Hornero-Méndez & Minguez-Mosquera
2000).

Although rosehips are generally accepted to contain
high levels of health-promoting compounds such as
vitamin precursors, antioxidants, organic and fatty acids
and carotenoids, but there are not enough data on their
potential as a feed ingredient in poultry. In this study, we
aim to investigate the effect of different RS concentrations
in quail feed on laying performance and egg, carcass and
meat characteristics, and egg yolk colour parameters.
Furthermore, we aim to determine if RS can be used as a
suitable source for egg yolk colorant.

MATERIALS AND METHODS

MATERIALS

A total of 120 10-week-old laying quail were individually
weighed, and distributed into 5 treatment groups with 8
replicates and 3 chicks per cage. The cage dimensions
were 25 x 20 x 25 cm. Each cage was furnished with

two water nipples and feeder. The RSs were ripe and red
in colour when they were harvested in autumn season
in Kayseri province. The fresh rose fruits were dried in
laboratory (93.17% dry matter) and finely milled. The
compositions of the rosehip and experimental diets are
given in Tables 1 and 2, respectively.

EXPERIMENTAL DESIGN AND ANIMAL CARE

The basal diet was based on maize-soybean and
formulated on a similar level of nutrient composition to
NRC (1994) recommendations. The treatments were as
follows: the first group was fed only with the standard
diet which contained no rosehip and was called as control
group (C, no addition). The second (RS2.5), third (RSY),
fourth (RS10) and fifth groups (RS15) were fed with diets
containing 2.5, 5, 10 and 15% RS diets, respectively. The
replicates were designated as the experimental units,
and randomized with respect to the dietary treatments.
At the beginning of the experiment, quail were exposed
to a 14 days adaptation period for RS feeding. The quail
were kept in a poultry house which provided controlled
environmental conditions. The experimental diets were
offered to respective quail for 8§ weeks. The lighting
schedule was a 16 h light and 8 h dark photoperiod. Feed
and water were provided ad-libitum.

DETERMINATION OF PERFORMANCE TRAITS

The individual body weights of the birds were measured
on the first and the last day of the experiment. The body
weight changes were calculated from these data. FC for
each subgroup was measured at 14, 28, 42 and 56 days
of the experiment and calculated for each day. The egg
production (hen-day) was recorded daily. On the last
consecutive 3 days of each 14-day period all eggs were
collected and for each group, 60 eggs (a total of 300 eggs)
were selected randomly; then the egg weight, egg specific
gravity, and eggshell weight were determined from these
eggs. The egg mass for each period was calculated from
the average egg weight and egg production data. Egg yield
was calculated as egg number: animal numberx100. The
feed conversion ratio (FCR) was calculated for kg feed:
kg egg mass for each 14 day. There was no mortality.

DETERMINATION OF CARCASS TRAITS

For carcass and internal organ traits evaluation, 16 quail
in each group (in total 80 quail) were slaughtered by
cervical dislocation on the 56 day of the experiment.
The quail feathers were plucked, and the carcasses were
eviscerated by hand. The carcass, liver, proventriculus,
empty gizzard, heart, kidney, empty intestine (large and



small intestine) weights were recorded. Part yields of the
carcass were calculated as part weight: carcass weightx
100. Cold carcass weight was recorded after the carcasses
had been stored at +4 °C for 24 h. In meat samples (30
birds per group), the pH values were measured by using a
pH meter (Thermo Scientific Orion Star A111) at 1 and 24
h after slaughter. To determine the pH value, the probe was
inserted at a depth of 0.5 to 1 cm into the center of the breast
muscle (pectoralis major), and then the pH value was read
when the probe was stable. In breast meat samples, the
colours (L* measures relative lightness, a* relative redness
and b* relative yellowness) were determined by using a
colorimeter (Minolta Chroma Meter, Model: CR-400) to
measure the CIE Lab values.

DRIP LOSS

A cored sample, 4 cm in diameter, of the cranial section
of the pectoralis muscle was collected and weighed.
Subsequently, the core was suspended from a steel wire
hook attached to the lid of a 1-L polymethylene pentene
jar. Samples were stored at 4 °C for 48 h. After 48 h, the
samples were reweighed, and drip loss was calculated
(Honikel 1998).

COOKING LOSS

Cooking loss was determined in 1.5-cm-thick meat
samples of similar geometry, which were individually
placed inside polyethylene bags in a water bath at 80
°C for 30 min until the temperature of 72 °C or 75 °C
was achieved and then cooled for 30 min. The samples
were removed from the bags, dried with paper and
reweighed (Honikel 1998). The weight loss, expressed
as a percentage of initial weight, was determined as a
cooking loss.

THAWING LOSS

To determine thawing loss, 10 g meat samples were
frozen at -20 °C overnight and then hawed; the free water
was discarded and the samples were reweighed, then
thawing loss was calculated as the % difference between
the first and last weight (Honikel 1998).

ANALYTICAL METHODS

Chemical analyses of diet and meat samples were
conducted according to AOAC (2019) methods. The
dry matter content of feed sample was determined by
oven-drying at 105 °C for 18 h. The ether extract content
of feed was obtained by Soxhlet extraction using
anhydrous diethyl ether. The Kjeldahl method was used
for the analysis of total nitrogen content of the feed, and
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crude protein was expressed as nitrogen X 6.25. Crude
ash content was determined after heating in a muffle
furnace at 550 °C for 4 h. The RS crude fiber (CF), acid-
detergent fiber (ADF) and neutral-detergent fiber (NDF)
were determined. For these analyses, an automated fiber
analyzer (ANKOM Technology, New York, USA) was
used (according to ANKOM Technology Method 2008).

DETERMINATION OF SERUM PROTEIN CONTENT

Protein concentrations in the serum were determined
using a Lowry assay (Lowry et al. 1951) which is
described in Konca et al. (2014). This method is based
on the reaction of cupric ions with peptide bonds under
alkaline conditions. Concentrations were calculated from
a standard curve constructed using bovine serum albumin
and protein levels are expressed as mg/mL.

DETERMINATION OF SERUM MALONDIALDEHYDE (MDA)

The MDA level in serum as an index of lipid peroxidation
was determined by thiobarbituric acid reaction (TBAR)
according to the method described by Yoshioka et
al. (1979). The principle of the method depends on
the measurement of the pink colour produced by the
interaction of thiobarbituric acid with malondialdehyde.
The pink colour absorbances are measured at 532 nm and
the MDA levels are expressed as pumol/L.

DETERMINATION OF SERUM SUPEROXIDE DISMUTASE

ACTIVITY (SOD)
The SOD activity was measured by the method
described originally by Sun et al. (1988). This assay for
superoxide dismutase (SOD, EC 1.15.1.1) activity involves
the inhibition of nitro-blue tetrazolium reduction,
with xanthine-xanthine oxidase used as a superoxide
generator. The enzyme activity is expressed as units/mg
protein.

DETERMINATION OF EGG YOLK COLOUR

The colours of egg yolk were measured (at three points
of the yolk) at 14 day intervals in 60 eggs from each
group (in a total of 300 samples) using a Minolta Chroma
Meter (Model: CR-400) to measure the CIE Lab values
(L* measures relative lightness, a* relative redness and
b* relative yellowness).

DETERMINATION OF FATTY ACID (FA) COMPOSITION OF
YOLK

The fatty acid (FA) compositions of the RS and egg

samples were determined according to the Agilent

application catalogue. For FA analyses of eggs, 120 eggs
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were used (30 eggs for each group). The yolks of 3 eggs
were combined to get one sample; in this way, a total of
10 samples were obtained for each group.

STATISTICAL ANALYSIS

The current data were analyzed using the General Linear
Models (GLM) procedure of SPSS (1999). The models
included control, 2.5, 5, 10, and 15% RS levels. The
means were separated using Duncan’s multiple range
tests with a 5% level of probability. The results of
statistical analysis are shown as mean values and standard
error of the means (SEM) in the tables.

RESULTS AND DISCUSSION

In the experiment, red and ripened Rosa canina
L. fruits were used in dried form according to the
recommendations of Andersson et al. (2011). Chemical
analysis showed that RS contained 93.72% dry matter,
89.16% organic matter, 9.18% crude protein, 4.56% crude

ash, 8.03% crude oil, 31.83% crude cellulose, 65.32%
acid detergent fiber (ADF), and 64.86% neutral detergent
fiber (NDF) (Table 1). These results were similar to the
findings of Esenbuga et al. (2011). They reported that
Rosa canina seed has approximately 93.48% dry matter,
8.72% crude protein, 7.97% crude fat, 1.87% crude ash,
31.56-44.05% crude fiber, 30.87% nitrogen free extract,
64.44% acid detergent fiber, 64.78% neutral detergent
fiber, and 1800 Kcal ME/kg.

As seen in Table 1, the most abundant fatty acid was
found as linoleic acid (51.68%) in RS and oleic (23.25%)
and alpha-linolenic acids (18.21%) were also found as
major fatty acids. RS has a lower amount of saturated fatty
acids, palmitic (3.5%) and stearic acids (2.15%). Ozcan
(2002) reported that similar values related to fatty acid
composition of the Machmudah et al. (2007) reported
that RS seed is rich in linoleic acid and followed by
linolenic, palmitic and stearic acid. Ercisli (2007) found
that the major fatty acids in rose species are a-linolenic,
palmitic and linoleic acids, consecutively.

TABLE 1. Nutrient, 3-carotene, lycopene and fatty acid composition of rosehip used in this experiment

Item Amount
Dry matter (%) 93.72
Organic matter* (% DM) 89.16
Crude protein (% DM) 9.18
Crude ash (% DM) 4.56
Crude cellulose (% DM) 43.49
Crude fat (% DM) 8.03
Acid detergent fiber (% DM) 65.32
Neutral detergent fiber (% DM) 64.86
Shell/seed ratio (% DM) 60.50/39.50
f-carotene (png per 100 g sample) 1855
Lycopene (png per 100 g sample) 9903
Fatty acids®
Palmitic acid (C16:0) 3.50
Stearic acid (C18:0) 2.15
Oleic acid (C18:1) 23.25
Linoleic acid (C18:2) 51.68
a-Linolenic acid (C18:3) 18.21
Heneicosanoic acid (C21:0) 0.13
Lignoceric acid (C24:0) 0.52
Nervonic acid (C24:1) 0.18
Eicosatrienoic acid (C20:3) 0.20
Docosahexaenoic acid (C22:6) 0.18

*Organic matter calculated as the difference between dry matter—crude ash, °g fatty acid/100 g total fatty acids



BW AND FEED CONSUMPTION

The BW, body weight gain (BWG), FC and FCR of
quail are given in Table 3. There were no significant
differences among the groups in terms of BW on the first
day. However, the BW of quail in the group fed with
RS15 was lower than those of the C and RS2.5 groups
at 56 days of age (p<0.05). As the RS ratio increased
in the feed, the BW had a tendency to decrease. To the
best of our knowledge, there are not enough studies to
compare the effect of RS in poultry diets on performance
traits. Only a few experimental results were found on
RS supplementation in different animal groups. Tekeli
(2014) reported that the inclusion of Rosa canina to diet
at a level of 1 and 2% increased BW; however, a 3% RS
ratio decreased BW. Also, Rose canina supplementation
did not have an effect on the FC and FCR of broilers in
cold stress condition. Loetscher et al. (2013) reported that
2.5% RS supplementation to broiler diets for two weeks
increased BWG, FC, and FCR compared to the C group;
however, in the overall period, these parameters did not
differ significantly. In these experiments, researchers
used a lower concentration in the feed than in the current
experiment. Similar to present results, Esenbuga et al.
(2011) reported a decrease in the final BW of lambs in
response to high levels (15% RS) of dietary Rosa canina
seed. There are a number of possible reasons for the
decrease in growth performance recorded in the present
study. Firstly, RS contains a high amount of cellulose
(Esenbuga et al. 2011) (Table 1), and consequently low
energy content. Secondly, according to our observation,
when the RS percentage increased in the diet, some of the
fruits’ seed remained in the feeder. The seeds contained in
the rosehip fruits were quite hard and remained unbroken
during grinding. Birds did not prefer to eat the seeds until
the feed nearly finished in the feeders.

The FC of quail was not affected by RS levels
(p>0.05). On the other hand, the FCR was negatively
influenced by RS supplementation 14" day of the
experiment. RS supplementation increased the cellulose
content of the feeds. However, in other periods, the FCR
values were not significantly changed by RS levels. The
basal feed mixture given to quail is higher in protein
and energy concentration than rosehip. Therefore, there
was a dilution effect in the RS supplemented diets due
to RS lower nutrient composition. Loetscher et al.
(2013) reported that broiler ration that contained 2.5%
RS did not change the crude protein, gross energy and
fat nutrient composition except for the ADF and NDF
content. However, in the current experiment, the RS
level was 1 to 6-fold higher than that of these studies.
It is expected that a high level of cellulose in the feed
would influence the FC of birds. However, there was no
significant change in the FC of quail. Similarly, Esenbuga
etal. (2011) reported that 15% RS supplementation to the
diet of lambs did not significantly affect FC and FCR. On
the other hand, Tekeli (2014) and Kiliggiin and Altiner
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(2010) reported that a high concentration of Rosa canina
may cause a decrease in the BW of broilers due to high
phenolic content and the negative correlation between the
metal ion and free radical scavenging activity.

EGG PRODUCTION TRAITS

The egg production, yield, weight, mass, specific
gravity, shell weight and egg yield of quail are given in
Table 4. There were no significant differences among
the groups in terms of egg production number and
percentage (P>0.05). However, the egg weight and egg
specific gravity were significant at 14, 28 and 56 days
(P<0.05). The egg weight in the RS10 group was superior
at 14, 28 and 56 day of age; in general, it was different
from the C and RS15 groups (p<0.01). The egg mass in
quail fed with RS10 was higher than those of the C, RS5
and RS15 groups on days 14 and 28 (p<0.05).

Egg specific gravity in the RS15 group was lower
than those of the other groups and these differences
were significant for the RS2.5 and RS5 groups on day 14.
Also, the SG values of these groups were lower than
those of the C, RS2.5 and RS10 groups on day 28 and
lower than those of the C and RS5 groups on day 56.

Egg production, weight, and mass were similar to
those of the C group. Only some improvements in these
parameters were obtained by 10% RS supplementation
to basal diet. Considering that the RS supplementation
diluted the basal diet, we expected that some production
parameters would be lower than those of the C group. In
contrast, for all the diets, except RS15, similar results
were obtained. Feed efficiency might have been increased
by the phenolic substances and other ingredients of RS.

Egg shell weight and percentage to egg weight
were not statistically significant among the treatment
groups in all periods. RS contains high concentrations
of vitamin C and carotene as a precursor of vitamin
A and tocopherol as a precursor of vitamin E (Ercisli
2007). Vitamin C plays an important role in cartilage,
bone, and egg shell formation (McCormack et al. 2001).
Although vitamin C is normally produced by the adrenal
glands of poultry (Pardue & Thaxton 1986), its synthesis
is restricted under stressful conditions such as high
environmental temperature (Whitehead & Keller 2003).
In this experiment, the poultry house was conditioned
to a mild environmental temperature. However, in spite
of lack of stress, additional vitamin C from RS did not
significantly improve the egg shell weight. In future
studies, in hot conditions where vitamin C production is
lower, the results might be significantly different.

CARCASS AND INTERNAL ORGAN TRAITS

The effects of treatments on the carcass weight, yield
and internal organ incidence (%) to carcass are given
in Table 5. The carcass weight of the RS15 group was
lower than that of the C group. However, while the C
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group had the lowest BWG, the highest carcass yield
but the lowest gastrointestinal ratio was observed in the
RS15 group (p<0.05). The gizzard ratio was found as
a high value in the C group and these differences were
significant between the RS2.5 and RS5 groups (p<0.05).
The liver, heart, kidney, and proventriculus percentage
did not differ among the treatment groups. Loetscher
et al. (2013) reported that 2.5% RS supplementation
increased carcass weight in broilers; however, it did not
change carcass yield and heart, spleen, proventriculus,
pancreas, and liver percentage compared to the C group.
Esenbuga et al. (2011) noted that RS supplementation
increased carcass weight and yield in lambs. Also, in
the present experiment, the highest carcass yield was
recorded in the RS15 group.

BREAST MEAT TRAITS

The effects of treatments on breast muscle composition
are given in Table 6. The dry matter, crude protein, ash
and fat, drip, chilling and cooking loss, pH 1 and 24
values (after slaughter, 1 and 24 h) and meat colour
in breast meat were not statistically influenced by RS
supplementation (p>0.05). RS contains a significant
amount of antioxidative phenolic compound and
carotenoids. Natural antioxidants may delay meat
oxidation (Karakaya et al. 2011). Many plants and their
extracts contain various phenolic compounds which
prevent oxidative deterioration (Falowo et al. 2014).
Long term exposure to oxidation can cause changes
in the colour of the meat from light to dark brown
(Fletcher 1999). In this experiment, the colour in meat
samples was measured at 1 and 24 h after slaughter.
Therefore, it measured carotenoid accumulation in meat
samples. According to these data, it may not be possible
to attribute the measured colour deposit in meat samples
to RS supplementation diets. Similarly, Loetscher et
al. (2013) determined that RS supplementation did not
significantly change skin and liver colour in broilers,
compared to the C group. Broiler skin colour may affect
consumer preferences when they decide to buy chicken
meat. Colorants are dissolved and transported via fat
and they may accumulate under the skin and change
skin colour. In this experiment, the meat samples were
skinned and only the breast muscle colour was measured.
As is well known, breast muscle contains less fat than
other carcass parts. On the other hand, due to the richness
of rose species in lycopene and other carotenoids, they
can change skin colour effectively. It has also been
demonstrated that there is a strong relationship between
breast meat colour and muscle pH (Fletcher 1999).
The meat pH value may also affect the water holding
capacity and other physiochemical properties of meat
and higher meat pH accompanied higher L* in meat
samples and pale meat disappearance (Qiao et al. 2001).
In this experiment, neither pH 1 nor pH 24 was affected
significantly by treatments. Similarly, drip, chilling and

cooking loss were not influenced by RS addition to quail
diets. The incorporation of some plants to poultry diets at
a high ratio may cause a negative effect on performance
and product quality due to their high indigestible cellulose
content or to the adverse effect on the digestive system
and other vital organs of various phenolic contents.
There are insufficient experimental data on the effect of
RS addition to poultry diets for a better evaluation of the
result of the present study.

EGG YOLK COLOUR

The effects of RS supplementation at 0, 2.5, 5, 10 and
15% ratios to quail diet on egg yolk colour are shown in
Table 7. In the C group, in general, the luminosity (L*)
values were higher than those in the supplemented groups
(p<0.001). RS supplementation caused a decrease in L*
values. The redness value (a*) increased with increasing
RS ratios in diets (p<0.001), being highest for RS15. In
general, the yellowness (b*) was also slightly higher in the
RS supplemented groups than in the C group.

Hybrid yellow corn grain contains approximately
2 ppm of carotene and 20 ppm of xanthophyll and 3.2
ppm of other pigments (Guenthner et al. 1973). The
experimental diet contained 400 kg/ton corn. This amount
of corn is enough to obtain a moderate egg yolk colour in
the poultry industry and there is no need for additional
colorant (carotene and xanthophyll) unless a fulvous
colour is desired. Razungles et al. (1989) reported that
rosehip contains high concentrations of total carotenoids,
which are mainly comprised of lycopene and f-carotene.
Also, some rose species containing f-carotene (497.6
ppm), lycopene (391.9 ppm), rubixanthin (703.7 ppm),
gazaniaxanthin (289.2 ppm), B-cryptoxanthin (183.5
ppm), zeaxanthin (266.6 ppm), and minor carotenoids
(67.1 ppm) were identified by Hornero-Méndez and
Minguez-Mosquera (2000). In this experiment, quail
egg yolks’ redness (a*) was measured at between
0.70 and 0.96 when only the basal diet was given. RS
supplementation from 2.5 to 15% caused an increase
in a* values of approximately 3 to 12-fold. Lycopene,
which is predominantly found in tomatoes and only in
small amounts in other fruits (Bramley 2000), is also
an important red colour carotenoid found in RS at about
12-35 mg/kg (Bohm et al. 2003). Along with carotene,
lycopene can also be considered as a natural egg yolk
colorant.

Animals are unable to synthesize carotenoids. Blount
et al. (2002) reported that carotenoids are important in
terms of antioxidant activity and immune function.
When birds were fed with carotenoids, they showed
better pigmentation, higher plasma concentrations of
carotenoids, antioxidant activity and immunity, and these
are responsible for egg quality. Rosehips may be used as
a good source of carotenoids in the food industry, due
to their highly coloured oleoresins, as natural colorants
(Hornero-Méndez & Minguez-Mosquera 2000).



THE FATTY ACID COMPOSITION OF EGG YOLK

The fatty acid compositions of eggs obtained from
quail fed by regular and RS supplemented diets are
presented in Table 8. No alteration was seen in fatty
acid abundance sorting between regular and enriched
eggs when considering egg yolk fatty acid composition.
Although oleic acid was found as the most abundant fatty
acid (39.6 t0 50.32%) in all eggs, it was significantly high
in enriched eggs (p>0.05). The fatty acid composition
of egg yolk lipids reflects the diet composition (Yalgin
& Unal 2010). Considering that the major fatty acid of
the RS is oleic acid, an increase in this is meaningful.
Palmitic and linoleic acids are the second and third
most abundant fatty acids in egg yolk and there were no
differences among the treatment groups. Stearic acid is the
other saturated fatty acid that is found in egg yolk. There
was a significant decrease (P<0.05) in its composition in
RS supplemented eggs, except in the RS15 group. There
were no significant differences among the treatment
groups in the other fatty acid compositions of egg yolk.
The highest ratio of RS used in the feed was 15%
and it was expected that linoleic and linolenic acid levels
could be affected. However, a considerable part of the
oil is deposited within the RS kernel which is very hard
and covered with cellulose, so there is a possibility that
it may not be digested because it is not broken down in
the digestive system. Poultry cannot digest cellulose,
so a decrease in the digestion of the seed may have
reduced the absorption of fatty acids in the seeds. It has
been reported that the digestion of seed was low with
the addition of 20% ration even though sheep have the
ability to digest cellulose (Esenbuga et al. 2011). In the
current experiment, oleic acid was increased, while stearic
acid was decreased by RS supplementation compared to
the control group. Other fatty acids were not affected
by RS supplementation. Therefore, it is concluded that
desired fatty acids which have positive effects on human
health, such as omega-3, EPA, and DHA fatty acids, did
not change significantly among treatments. If the seeds
of RS are ground, beneficial effects may occur when
the seed oils are released into the digestive system of
animals. However, no significant change in fatty acid
content was determined for this study. Szentmihalyi et al.
(2002) reported that RS seed as a waste material contains
valuable oil and it can be used for medicinal purposes.

SERUM PROTEIN AND ANTIOXIDANT STATUS

The effects of RS supplementation at 0, 2.5, 5, 10,
and 15% ratios in quail diet on serum protein and
antioxidant status are given in Table 9. The serum
protein concentrations were not affected by RS addition
to quail diets. However, the serum MDA and SOD
levels significantly differed among the treatment groups
(p<0.01). In the present study, the serum MDA levels were
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decreased by RS addition in the RS2.5 and RSS5 groups. In
contrast to lower RS concentration, higher concentrations
of RS (RS10 and RS15) increased MDA levels in serum.
This may show that the addition of lower concentrations
(2.5 and 5%) of RS to quail diets has a positive effect
against lipid peroxidation in the serum lipids of Japanese
quail. Here, there is a parabolic reaction between RS
concentration and antioxidant activity. Similar findings
were observed by Kili¢giin and Altiner (2010). These
researchers reported that DPPH radical scavenging activity
and metal ion chelating activity differed significantly
according to the concentration of RS in broiler diet. When
lower concentration levels were applied (1, 2 and 3%)
the mentioned bioactivity values increased. However,
at higher concentrations (4 and 8%) scavenging activity
was not increased. Additionally, the highest concentration
(8%) caused a serious decrease in scavenging activity and
metal ion chelating activity. They also reported that R.
canina may act not only as an antioxidant (at a 4% ratio)
but also as a prooxidant in high RS concentrations (at
an 8% ratio), so its effects depend on its concentrations
in in-vitro conditions. In the current research, the data
showed a similar trend for MDA and SOD concentration
in the serum. While MDA concentration significantly
decreased in the RS2.5 and RS5 diets and SOD increased
at the same concentrations, at higher concentrations
(RS10 and RS15 diets), MDA concentration increased and
SOD concentration decreased compared to the control
group. On the other hand, Loetscher et al. (2013) found
a slight decrease in TBARS but no significant differences
between the control and RS supplemented groups in
broilers. Gao et al. (2000) and Yoo et al. (2008) correlated
the antioxidant capacity with high contents of the total
phenolic and flavonoids of the R. canina extracts. Daels-
Rakotoarison et al. (2002) demonstrated that R. canina
exhibited in vivo and ex vivo inhibitory effects against
superoxide anion in a dose-dependent (0.5-50 mg/L)
manner. Yoo et al. (2008) reported that the extracts of
RS inhibited oxidative stress, have high levels of DPPH
radical scavenging activity and enhanced SOD and
CAT activities. The ascorbate content of RS acts as an
antioxidant for lipid peroxidation (Gao et al. 2000).
Bohm et al. (2003) determined that RS contains high
levels of carotenoids, especially lycopene, which may
cause antioxidant activity in the body. Carotenoids are
active antioxidants within the lipophilic systems because
of their lipidic character. Current study’s findings were
supported by these researchers’ observations. We found
that RS has a high concentration of lycopene (9903
ug/100 g) and B-carotene (1855 ng/100 g). However, the
antioxidant activity of RS may be changed by phenolic
and carotenoid contents which are dependent on cultivar/
species, ripening period, harvesting time and year
(Andersson et al. 2011).
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TABLE 2. Diets feedstuff and nutrient composition

Feedstuffs Quantity (kg)
Corn 400.0
Wheat 110.0
Soybean meal 380.0
Sunflower meal 60.0
Salt (Sodium chloride) 3.34
Limestone 13.61
Vegetable oil 21.19
DL-Methionine 1.23
L-Lysine 1.03
Dicalcium phosphate 7.10
Vitamin-mineral premix! 2.50

Calculated nutrient composition

Dry matter (%) 88.29
Crude protein (% DM) 24.00
Metabolizable energy (kcal/kg) 2900
Crude fat (% DM) 4.45
Calcium (% DM) 0.80
Available phosphorus (% DM) 0.30
Lysine (% DM) 1.30
Methionine (% DM) 0.50

1Vitamin—mineral premix per kilogram of the diet: Vitamin A, 15000 IU; Vitamin D3, 2000 IU; Vitamin E, 40.0 mg; Vitamin K, 5.0 mg; Vitamin B1 (thiamine), 3.0 mg; Vitamin
B2 (riboflavin), 6.0 mg; Vitamin B6, 5.0 mg; Vitamin B12, 0.03 mg; Niacin, 30.0 mg; Biotin, 0.1 mg; Calcium D-pantothenate, 12 mg; Folic acid, 1.0 mg, Cholinechloride,
400 mg, Manganese, 80.0 mg; Iron, 35.0 mg; Zinc, 50.0 mg; Copper, 5.0 mg; Iodine, 2.0 mg; Cobalt, 0.4 mg; Selenium, 0.15 mg assures

TABLE 3. The effects of treatments on BW, FC and FCR of quail

Diets
Day C! RS2.5% RS52 RS10? RS15? SEM P
0 213.6 219.3 219.3 221.2 218.3 4.24 NS
Body weight (G)
56 223.42 228.6* 218.6® 219.1® 207.7° 4.85 *
Body weight change (g) 0to 56 9.8 9.3 -0.7 -2.1 -10.6 5.54 NS
14 27.82 29.59 28.47 28.47 27.45 1.12 NS
28 28.63 28.21 28.25 29.93 26.39 1.25 NS
Feed intake (g/day) 42 26.33 28.76 30.71 28.03 28.52 1.46 NS
56 28.86 26.50 31.65 33.50 30.10 1.74 NS
Overall 27.91 28.26 29.77 29.11 28.97 0.71 NS
14 2.67® 2.73%® 3.13¢ 2.63° 3.10° 0.15 *
28 2.64 2.64 3.29 2.63 2.96 0.21 NS
Feed conversation ratio
(¢ feed/g egg mass) 42 3.22 3.28 3.26 3.22 3.78 0.17 NS
56 3.14 3.02 4.38 4.24 3.87 0.31 NS
Overall 2.90° 2.87° 3.44¢ 3.05% 3.47¢ 0.08 *k

*be Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15%, respectively, SEM:
standard error of means, P: Probability,"P<0.05,” P<0.01, NS: non-significant
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TABLE 4. The effects of treatments on egg production, yield, weight, mass, specific gravity, shell weight and percentage of eggs

Diets
C! RS2.5? RS5? RS10? RS15? SEM P
Egg production (number)
14 39.33 39.83 35.33 38.17 34.67 1.75 NS
28 36.33 41.00 34.67 38.83 37.50 2.34 NS
42 33.33 32.83 32.17 335 28.67 1.76 NS
56 34.17 31.33 27.50 25.67 27.50 2.73 NS
Overall 35.79 36.25 3242 34.04 32.09 1.41 NS
Egg yield (%)
14 93.63 94.85 84.13 90.88 82.55 4.17 NS
28 86.51 97.62 82.54 92.46 89.29 5.57 NS
42 79.38 78.2 76.58 79.75 68.27 4.18 NS
56 81.35 79.36 75.47 71.35 79.36 6.86 NS
Overall 85.22 87.51 79.68 83.61 79.87 5.12 NS
Egg weight (g)
14 11.12° 11.21° 10.90° 11.65° 10.88° 0.11 o
28 11.20® 11.05° 11.23% 11.62¢ 10.43¢ 0.14 ok
42 11.63 11.20 11.48 11.50 11.20 0.17 NS
56 11.33% 11.90° 11.87° 12.08° 11.03° 0.14 ok
Overall 11.32® 11.34%® 11.37 11.71¢ 10.89° 0.12 ok
Egg mass (g)
14 10.47° 10.84¢ 9.13° 10.82¢ 9.13° 0.25 *
28 8.93° 8.61° 8.72° 9.412 7.20° 0.25 *
42 10.07 10.96 9.46 10.67 9.97 0.28 NS
56 9.22 8.95 7.73 7.43 7.28 0.35 NS
Overall 9.67 9.84 8.77 9.58 8.39 0.18 NS
Specific gravity
14 1.049 1.052¢ 1.052¢ 1.049 1.047° 0.001 o
28 1.048° 1.049+° 1.044® 1.045¢ 1.040° 0.002 ok
42 1.056 1.054 1.053 1.057 1.055 0.002 NS
56 1.051° 1.054® 1.055¢° 1.053® 1.048° 0.001 ok
Overall 1.051 1.052 1.051 1.051 1.049 0.001 NS
Egg shell weight (g)
14 0.93 0.96 1.00 0.98 0.93 0.026 NS
28 0.98 0.92 0.85 0.97 0.90 0.027 NS
42 0.99 0.99 0.95 0.98 0.99 0.031 NS
56 0.95 0.97 1.07 1.01 0.89 0.039 NS
Overall 0.96 0.96 1.01 0.98 0.93 0.031 NS
Egg shell percentage (%)
14 8.37 8.59 9.20 8.40 8.58 0.07 NS
28 8.73¢ 8.30% 8.10° 8.36% 8.26% 0.08 *
42 8.48 8.85 8.28 8.49 8.86 0.10 NS
56 8.40 8.16° 9.05° 8.36% 8.11° 0.09 *
Overall 8.50 8.48 8.53 8.40 8.45 0.08 NS

*b¢ Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15%, respectively, SEM:

standard error of means, P: Probability, "P<0.05,” P<0.01, NS: non-significant
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TABLE 5. The effects of treatments on carcass, internal organ weights (g) and their relative incidence (%) to the carcass of quail

Diets

Traits C! RS2.5? RS5? RS10? RS15? SEM P
Carcass weight (g) 112.11° 132.60° 124.71* 111.42° 100.53¢ 5.25 ok
Carcass yield (%) 60.35° 62.77% 60.23° 65.39% 70.95° 1.93 *
Liver (%) 5.60 4.73 5.87 5.58 4.59 0.47 NS
Heart (%) 1.41 1.37 1.36 1.26 1.23 0.08 NS
Gastro intestine (%) 18.53¢ 15.95% 17.36* 17.00? 12.95° 1.08 *
Kidney (%) 0.86 0.87 1.06 1.090 1.10 0.15 NS
Proventriculus (%) 1.05 0.84 0.96 0.91 0.76 0.07 NS
Gizzard (%) 5.50° 4.30° 4.53° 5.03% 5.18® 0.26 *

*b¢ Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15%, respectively, SEM:
standard error of means, P: Probability,"P<0.05,” P<0.01, NS: non-significant

TABLE 6. The effects of treatments on chemical composition, pH, and colour of breast muscle

Diets

Traits C! RS2.5? RS52 RS10? RS15? SEM P
Dry matter (%) 26.29 26.23 27.32 27.72 27.22 0.67 NS
Crude protein (%) 27.46 26.02 27.38 26.50 26.62 0.67 NS
Crude ash (%) 7.31 9.16 8.00 9.65 8.26 0.87 NS
Organic matter (%) 18.18 17.56 19.33 19.75 18.95 1.43 NS
Drip loss (%) 2.07 2.97 2.83 3.84 3.05 0.44 NS
Chilling loss (%) 4.40 3.17 3.53 4.65 4.02 0.52 NS
Cooking loss (%) 30.78 32.57 34.09 33.18 3291 0.79 NS
pH1 5.99 5.98 6.03 6.08 6.05 0.09 NS
pH24 6.16* 6.09% 6.05° 5.93° 6.10® 0.06 *
Meat colour
L* 55.30 54.10 56.01 57.62 54.25 1.28 NS
a* 10.57 11.63 11.31 10.66 11.02 0.57 NS
b* 1.30 1.91 2.93 3.20 1.82 0.58 NS

*be Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15% respectively, SEM:
standard error of means, P: Probability, "P<0.05, NS: non-significant
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Diets
Day Trait C! RS2.5? RS5? RS10? RS152 SEM P
14
L* 59.18° 55.79: 56.21° 54.34¢ 55.39% 0.49 wok
a* 0.801¢ 4.16¢ 5.59¢ 8.10° 10.09° 0.20 wok
b* 35.46¢ 40.32:® 41.78* 39.87° 40.98® 0.57 ok
28
L* 57.522 55.77° 56.02%® 53.92¢ 55.48" 0.58 ok
a* 0.808° 3914 5.26° 8.04° 9.76* 0.24 ok
b* 34.14¢ 42.332 42.292 39.58° 41.212 0.59 ok
42
L* 58.59° 57.23% 56.35° 56.23% 54.84¢¢ 0.45 ok
a* 0.96° 2.71¢ 4.73¢ 6.78° 8.422 0.16 wok
b* 35.85¢ 36.92% 37.27° 40.15* 37.84° 0.54 ok
56
L* 60.28° 57.17° 57.80° 58.01° 56.18° 0.64 ok
a* 0.77¢ 2.74° 3.98° 6.18° 8.11* 0.19 ok
b* 37.78° 37.71° 37.92° 40.95° 40.06* 0.46 wok
Overall
L* 51.94 52.50 49.88 53.71 52.81 0.88 NS
a* 1.97d 3.29¢ 5.07b 7.75a 7.61a 0.22 ok
b* 33.14° 34.59® 3439 40.232 37.13% 0.76 *

+b¢ Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15% respectively,

standard error of means, P: Probability, "P<0.05,” P<0.01, NS: non-significant

TABLE 8. The effects of treatments on the fatty acid composition of quail eggs

SEM:

Diets
Fatty acid Week C! RS2.5? RS5? RS10? RS15? SEM P
o 4 25.94 25.40 25.23 26.17 26.36 0.70 NS
Palmitic acid (C16:0)
8 26.49 25.84 27.06 26.29 25.85 0.04 NS
o 4 3.77 3.68 3.81 3.51 3.64 0.32 NS
Palmitoleic acid (C16:1)
8 3.03 3.86 4.08 3.54 3.18 0.26 NS
4 10.13 9.59 9.54 10.04 9.77 0.39 NS
Stearic acid (C18:0)
8 12.62* 9.71° 8.94° 8.95° 11.232 0.48 *
4 44.72 43.65 4431 45.67 45.20 0.51 NS
Oleic acid (C18:1)
8 39.62° 42.74° 50.322 45.18%® 42.49° 1.44 *
) o 4 11.3 10.76 12.09 10.76 11.43 0.55 NS
Linoleic acid (C18:2)
8 10.75 11.67 11.58 12.90 12.92 0.38 NS
4 0.11 0.17 0.19 0.14 - 0.04 NS
a-Linolenic acid (C18:3)
8 ND 0.12 0.16 ND ND 0.02 NS
. . 4 0.33 0.16 0.5 0.36 1.79 0.18 NS
Eicosanoic acid (C20:0)
8 3.52 0.27 2.77 0.1 0.13 1.18 NS
o 4 0.21 0.20 0.23 0.17 0.21 0.08 NS
Gondoic acid (C20:1)
8 0.19 0.23 0.22 0.21 0.25 0.03 NS
4 0.11 0.11 0.12 0.09 0.11 0.01 NS
Docosanoic acid (C22:0)
8 0.14 0.11 ND ND ND 0.01 NS
Eicosapentaenoic acid 4 0.84 0.72 0.69 0.0,69 0.70 0.06 NS
(C20:5, n-3) 8 0.49 0.82 0.67 0.76 0.87 0.06 NS
Docosahexaenoic acid 4 0.46 0.47 0.48 0.38 0.47 0.04 NS
(C22:6) 8 0.09 0.38 0.42 0.38 0.58 0.14 NS

+b¢ Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15% respectively, SEM:
standard error of means, P: Probability, "P<0.05, NS: non-significant, ND: not detected
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TABLE 9. Blood protein, MDA and SOD levels of the quails

Diets
Parameter C! RS2.5? RS5? RS10? RS15% SEM P
Protein 3.678 3.720 3.720 3.687 3.727 0.022 NS
MDA 2.387¢ 2.260¢ 2.265¢ 2.472° 2.590° 0.008 K
SOD 0.304° 0.312° 0.312* 0.301¢ 0.300¢ 0.0005 *oE

*b¢ Values with different superscript in a line differ significantly. C: control, RS:2.5, RS:5, RS:10, RS:15 rosehip ratio in diet as 0, 2.5, 5, 10 and 15% respectively, SEM:

standard error of means, P: Probability, ™ P<0.01, NS: non-significant

CONCLUSION

In conclusion, Rosa canina can be used as a feed
ingredient at up to 10% (RS10) in quail diets without any
negative effect on production parameters. However, the
inclusion of 15% RS in the diet decreased feed efficiency,
egg production rate, egg mass (by increasing egg weight)
and carcass weight; however, its increased carcass yield.
The RS ratio in diets did not significantly influence
breast meat colour. RS addition clearly increased redness
(a*) and moderate level of yellowness (b*) in egg yolk
colour. RS addition to diets did not significantly affect
the main fatty acid components. RS supplementation may
be recommended as a natural colorant in poultry diets in
conventional or organic egg production.
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