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Abstract

This study aimed to evaluate the growth characteristics and rearing effectiveness of cage-
raised common quails for game restocking. Based on the origin of the quails, three groups of
one-day-old birds were formed. Up to the age of 21 days, the quails were reared together, and
subsequently, they were separated by sex. The test period lasted 56 days. The rearing condi-
tions and feeding of the quails were analogous to those of domesticated quails. The following
traits were monitored: mortality (%), live body weight (g), weight gain (g), feed intake (g), and
feed conversion ratio. At 56-day-old, the average male live body weight was 110.68 g, while for
the females, it was 127.24 g (P<0.001). The cumulative feed intake was 826.9 g for males and
970.4 g for females. Quails raised until 35-day-old consumed half the amount of feed compared to
those raised until 56-day-old, with feed conversion ratios of 4.39 for males and 4.58 for females,
respectively. By 35-day-old, the males had reached approximately 87 % and the females about
80 % of the live weight of mature individuals. The results of the study provide grounds to recom-
mend common quails raising intended for game restocking up to a maximum age of 35 days. This
would increase the efficiency of their production, enable more production cycles, and optimise the
utilisation of available facilities and equipment.
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Introduction

In recent decades, poultry farming has
become the fastest-developing subsector
of animal husbandry worldwide (Mottet
and Tempio 2017). In addition to the pro-
duction from traditional poultry species

such as domestic chicken, domestic tur-
key, domestic duck, and domestic goose,
less commonly farmed species, includ-
ing game-type birds as quails, are also
gaining significance. Beyond their role in
poultry farming, some of these birds are
also in focus of game farming. For hunting
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purposes, common quail (Coturnix cotur-
nix, Linnaeus 1758) or hybrid birds (C. co-
turnix x C. japonica domestica) are bred
in game farms in some countries. These
birds are used for game restocking, dog
training, or other hunting-related activities
(Caravaca et al. 2022). Game farms spe-
cialising in the breeding, sale, and game
restocking of common quails were estab-
lished as early as the 1960s and 1970s,
primarily in some countries from South-
ern Europe like Spain, Italy, and Greece
(Lukanov 2020, Caravaca et al. 2022).
Similar efforts have also been made in
countries like Bulgaria, where the species
is a popular hunting object (Donchev and
Angelov 1971).

The common quail belongs to the ge-
nus Coturnix within the subfamily Perdic-
inae. The genus comprises six living and
two extinct species (Lukanov 2020). Ac-
cording to some taxonomic classifications,
the number of extinct species is higher,
with some, such as the brown quail, being
classified in a separate genus (del Hoyo
et al. 2014). Until a few decades ago, the
Japanese quail (Coturnix japonica, Tem-
minck and Schlegel 1848-1850) was con-
sidered as a subspecies of the common
quail. Today, however, the two species are
taxonomically distinguished.

A distinctive characteristic of the com-
mon quail is its migratory behaviour, mak-
ing it the only long-distance migratory bird
in the family Phasianidae (Kosicki et al.
2014). A significant portion of the pop-
ulation migrates from North Africa and
the Middle East to Southern and Eastern
Europe for breeding. Vertical migration in
the species has also been described, as-
sociated with agro-ameliorative measures
in the lowlands or drought (Boev 1949,
Michailov 1995a). It is estimated that be-
tween 5 % and 24 % of the global pop-
ulation breeds in Europe (EC 2009). The

common quail is classified as a species
of Least Concern (BirdLife Internation-
al 2025) with global population between
15-35 million mature individuals and ex-
tent of occurrence about 87,900,000 km?2.
Estimates suggest that the European pop-
ulation, including European Russia and
Turkey, is approximately 2.8—4.7 million
pairs (WBRU 2016). Despite this status,
a population decline has been observed
since the late 20th century (Sanderson et
al. 2009, Puigcerver et al. 2012). Similar
trend has been established for the Bulgar-
ian population of the species. It is placed
among the top three most rapidly declining
species in the country according to Hris-
tov et al. (2023). Key factors contributing
to the global population decline include
habitat loss, uncontrolled pesticide use,
climate changes (especially droughts),
wind turbine installation, nets trapping,
and other threats (Lukanov 2020). De-
tailed study of the biology and ecology of
common quail in Bulgaria was presented
by Michailov (1995b).

The domestic quail (Coturnix japoni-
ca domestica), which originates from the
Japanese quail, is widely used in agri-
culture for egg and meat production, and
as a laboratory animal (Lukanov 2019).
Domestic quails are used to enhance the
productive characteristics of captive com-
mon quail populations by crossing (Car-
avaca et al. 2022, Gonzalez-Redondo et
al. 2023). Some researchers suggest that
a significant portion of quails released into
the wild are such hybrids (Sanchez-Dono-
so et al. 2012). Despite the presence of
hybrids, no substantial genetic impact on
the wild population has been observed
(Puigcerver et al. 2007).

Raising wild quails and their hybrids in
controlled conditions can improve knowl-
edge about these birds. From the per-
spective of quail production for restock-
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ing, it is important what the growth rate of
young birds is and at what stage of their
rearing is most appropriate to be realised.
To date, there is lack of available litera-
ture on the growth characteristics of the
common quail or its hybrids from a poultry
science perspective. Data on the suitabil-
ity of these birds for cage-based rearing,
which offers several advantages over tra-
ditional methods of raising game birds,
are also absent. This context defined the
aim of the present study: to evaluate the
growth characteristics and rearing effec-
tiveness of cage-raised common quails
(C. coturnix) for game restocking.

Materials and Methods

Experimental design

The study was conducted from August
to October 2023 at the Poultry Section
Experimental Base at the Faculty of Ag-
riculture, Trakia University, Stara Zagora,
Bulgaria. Common quails (Coturnix cotur-
nix), raised for game restocking in Greece
and ltaly, were used. Hatching eggs were
received from parental flocks of the same
age, originating from captive-bred quails,
raised in the Poultry Section Experimen-
tal Base. The origin of the common quails
used was Greece (two different flocks)
and ltaly (one flock).

Based on the origin, three groups
were established and labelled as follows:
| (GR first flock), Il (GR second flock), and
Il (IT). Each group consisted of 60-day-
old quails. Up to 21-day-old, the quails
were reared in mixed-sex groups (due to
low sexing accuracy before that age). At
21-day-old, sexing was performed based
on sexual dimorphism in breast plumage
colouration: appearance of rusty coloura-

tion on the chest in males and its absence
in females, as described by Lyon (1962).
Following sexing, the birds were reared
in separate male and female groups (I _,
I, 1I_, 1, 1l _, and IIl) until the end of the
study at 56-day-old. Each newly formed
group (21-day-old) consisted of 20 males
or 20 females with body weights close to
the average for the respective population.

Experimental bird management

The quails were housed in wire-mesh floor
cages measuring 80x100x80 cm (W/L/H),
providing about 130 cm? floor area per
bird until 21-day-old and 400 cm? after
that age. Hand-fillable trough feeders,
protected from feed spillage were used.
Watering was provided with hand-fillable
vacuum drinkers of 2 L capacity with a
low water level until 14-day-old, and 3 L
universal hand-fillable vacuum drinkers
were used thereafter. Temperature and
lighting programs in the bird area were
maintained on the detailed recommen-
dations for domestic quails as presented
by Genchev (2014). During the brooding
period (up to 21-day-old), combined heat-
ing was applied: local and general. After
that, the birds were kept at a temperature
of 20-23 °C. The relative humidity was in
the range of 60-75 %. Quails were reared
for the first three days under continuous
high-intensity lighting (80—100 Ix) to facil-
itate feed and water finding. After which,
by 4 weeks of age, the light phase was
gradually reduced to 14 h, remaining until
the end of the test period. The lighting in-
tensity was about 20-25 Ix.

Feeding was conducted ad libitum,
in three-phase manner (starter, grower,
and finisher) according to the birds’ age
(Table 1), following feeding recommenda-
tions for domestic quails (Genchev 2014).
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Table 1. Component and nutritional characteristics
of the feed used.

Components Starter Grower  Finisher
<14 days 14-21 day >21 days
Corn, % 29.2 355 38.8
Wheat, % 21 23.8 27
oSA)oybean meal 44 CP, 346 258 20
?A)unﬂower meal 34 CP, 8 85 9
Fish meal 72 CP, % 2 1 0
Sunflower oil, % 0.615 0.905 1
CaHPO,-2H,0, % 1.92 1.82 1.71
CaCO,, % 1.52 1.48 1.43
\r:]lit)a(l‘n;/lon-mlneral pre- 06 06 05
NaCl, % 0.2 0.2 0.2
NaHCO,, % 0.1 0.1 0.1
L-Lysine, % 0.11 0.175 0.15
DL-Methionine, % 0.135 0.12 0.11
Nutritional characteristic

Energy-protein ratio 110.27 134.28 156.31
Mj_tig_?“zab'e energy,  11.06 11.51 11.79
Crude protein, % 24.00 20.51 18.04
Crude fiber, % 5.28 5.02 4.90
Ca, % 1.20 1.10 1.00
Av. P, % 0.50 0.45 0.40
Lysine, % 1.30 1.10 0.91
Methionine, % 0.52 0.45 0.40
mgfﬁf”'“e + Cyste- 0.92 0.81 0.73
Linoleic acid, % 1.30 1.62 1.75

Note: CP is crude protein.

Data collection

weight was measured week-
ly by using a CB 2000 scale,
with an accuracy of 0.1 g for
measurements at 1-7-day-
old,and 0.2 g at 14-, 21-, 28-,
35-, 42-, 49-, and 56-day-
old. The amount of feed
supplied and the remaining
feed from the previous day
were determined daily with
an accuracy of 0.1 g. Based
on the consumed feed and
achieved weight gain, the
FCR, and the cumulative
feed consumption was cal-
culated. From the point of
view of practical application,
generalisations of the stud-
ied parameters have been
made, with group data being
summarised.

Statistical analysis

Statistical processing of
the obtained results was
performed using the IBM®
SPSS® Statistics software
package (V26) and applying
One Way ANOVA. For sta-
tistical analysis and result
interpretation, the follow-
ing parameters were used:
mean value (x), standard
deviation (SD), and standard
error of the mean (SEM).
The text indicates the mean
+ SD values. Inter-group and
inter-sex differences were
considered statistically sig-

During the study, the following parame-
ters were monitored: live body weight (g),
weight gain (g), feed consumption (g), and
feed conversion ratio (FCR). Live body

nificant at P<0.05, using LSD Post Hoc
Test, if the data were normally distributed
(Shapiro-Wilk test, n<50) and in signifi-
cant model (F-test) (P<0.05). A Microsoft
Excel 16.0 (2018, for Windows) software
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product was used for graphic layout pur-
poses.

Results

The average weight of the quail from the
three groups at 1 day of age was 6.16
+0.74 g (group | — 6.15 +0.66 g; group |l
—5.97 +0.76 g; group Il — 6.48 £0.75 Q).
The live weight of quails at 7-day-old
ranged from 20.89 +3.36 g (group |) to
22.49 +3.38 g (group II). At 14-day-old,
was the last weighing conducted without
accounting for sex differences. The quails
from all three groups showed relative-
ly close average weights, ranging from
45.30 £5.29 g in group | to 42.71 +4.05 g
in group Il (P<0.05) (Table 2).

After sexing, during the first weighing
(on 21-day-old), female quails exhibited
a trend of higher live weight compared
to males, which persisted until the end
of the study. Statistically significant sex
differences in live weight were observed

Table 2. Live weight of common quails
from the different studied populations be-
fore sexing (x *SD).

Age, Group
days I I ]]
7 20.89 22.49 21.81
+3.36 +3.38 +2.84
14 45.30 4523 42.71
+5.29a +6.15 +4.05a

Note: With the same letters (a-a, b-b) are
marked statistically significant between-group
differences for each sex at P<0.05.

after 42-day-old (P<0.01). By the time of
sexual maturity at the end of the experi-
ment (56-day-old) the average weight of
males from the three groups was 110.68
17.1 g (Fig. 1), with intergroup variations
from 109.43 £7.9 g (group Ill ) to 111.35
+5.4 g (group | ) (P>0.05). The live weight
of females at 56-day-old averaged 127.24
1+11.3 g across the three groups, with in-
tergroup variations from 120.67 +11.4 g
(group 1) to 131.78 £11.2 g (group lII,).

140
o 100 -
=
2 80
2
>
()]
>
3 40 /

20 /

1 1day 7day 14day 21day 28 day 35day 42day 49day 56 day

e——male 6.16 2173 4441 64.84 84.18 97.26 107.65 110.25 110.68

—=female 6.16 21.73 44.41

65.37 87.64 102.38 116.39 128.11 127.24

Fig. 1. Live body weight of male and female common quails.
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Unlike males at 56-day-old, where no sta-
tistically significant differences were ob-
served in live weight, females from group
| showed statistically significant differenc-
es compared to those from groups Il and

1. (P<0.05) (Table 3).

The results for cumulative feed con-
sumption in male and female common
quails during the period of the study are
presented in Figure 2. After the sex-mixed

Table 3. Live weight of common quails from the different studied populations
after sexing (x £SD).

Age, Sex
days Male Female
Group I I m, 3 I, I,
21 6696455 641788 6339+73 6486492 6847482 6278475
28 8538465 8514+107 8202485 8826497 8976479 84.89 +7.6
35  95.06+54* 99.51%87  97.247.9 1?‘2'%1" 10441498 97.69 +8.6
105.16 . . 119.88 110.95
42 19018 M105247.50" 107.28468 11832100 1059, o
. . . 12724 131.29 125.79
49 1005346 M179+7.7* 100.44%7.2° 1202 o o
. . . 12067 129.26 13178
56 11135%54% 1112447.8" 10943579 12007, 12929 A

Note: With the same letters (a-a, b-b) are marked statistically significant between-group dif-
ferences for each sex at P<0.05. With * are marked the within-group intersexual differences at

P<0.01.

1000

900

800

700

Cumulative feed consumption, g

01 17 day 114 1-21
y day day
Emale  21.00 83.37 17045 273.07
Efemale 21.00 83.37

600
500
400
300
200
10 a1l

1-28
day day day day day

1-35 1-42 1-49 1-56

401.14 553.46 697.40 826.91

170.45 28495 44136 631.75 819.54 970.37

Fig. 2. Cumulative feed consumption in male and female common quails.
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raising period (21-day-old), differences
between the sex feed consummation be-
came apparent, deepening with age and
reaching approximately 143.5 g (14.8 %)
by the end of the study. The cumulative
feed consumption of male quails up to
56-day-old in our study was 826.9 g, while
for females, it was 970.4 g. The observed
intersexual differences are directly con-
nected to the sex-related distinctions in
live body weight (Fig. 1). Male maturation
was associated with a constant and even
a decline in feed consumption, reaching
an average daily consumption of 18.5 g
during the final week. Despite the growth
of the reproductive system in females and
their preparation for egg-laying, a similar
trend was observed, characterised by a
slight decline in average daily consump-
tion, reaching 21.5 g in the last week of
the experiment. Figure 2 illustrates the
age-related changes in cumulative feed
consumption in the all tested quails, sep-
arated by sex.

The data for FCR showed relatively

close values for feed conversion between
the two sexes, raised until 35-day-old,
with 4.39 kg for males and 4.58 kg for fe-
males (average 4.48 kg for both sexes)
(Fig. 3). As expected, with the increase in
the quails rearing period, feed utilisation
efficiency worsens, reaching an average
FCR value of 7.95 for both sexes at the
end of the test period (56-day-old).

Discussion

Mihaylov (2006) reported a similar weight
for 1-day-old common quail (C. coturnix)
— 5.99 g as in this study. Lower values,
ranging between 5.0-5.5 g, were present-
ed by Botev (1985). It should be noted
that the weight of 1-day-old quail is influ-
enced by various factors, with the most
significant being the size of the hatching
egg and the duration of the chicks’ stay
in the incubator (Genchev and Lukanov
2023). The growth of the studied popula-
tions of common quails up to 14-day-old

9
8
7
2 6
Y
s °
[
o 4
>
c
g8 3
8 2
L
TN
0 J
1-7 da 1-14 1-21 1-28 1-35 1-42 1-49 1-56
y day day day day day day day
Emale 1.33 2.17 2.89 3.49 4.39 5.44 6.68 7.89
mfemale 1.33 217 2.87 3.49 4.58 5.72 6.71 8.02

Fig. 3. FCR in male and female common quails.
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is comparable to that of light (egg-laying)
domestic quails (Anang et al. 2017, Gries-
er et al. 2018). At this age, in addition to
rapid changes in the live weight of the
birds, changes in their plumage were also
observed. From day 14th, quails enter
the phase of intensive feathering, initiat-
ing a complete replacement of embryonic
down with juvenile feathers (Genchev et
al. 2008). Consequently, sex determina-
tion based on breast colouration in com-
mon quails can be performed as early as
13-day-old, but it is most reliably done
about and after day 21st — at the begin-
ning of second juvenal plumage develop-
ment (Lyon 1962).

Analysing the data on average week-
ly growth, it can be concluded that quails
exhibit the most active growth during the
period up to 7-day-old. Relatively close
growth values were observed during the
control weighing on days 14th and 21st.
Up to 21-day-old, the growth of common
quails accounts for approximately 60%
of the total growth in males and about
54.5 % in females. After this age, the av-
erage growth values gradually decrease,
even reaching negative levels in some
subgroups during the final week of the test
period. This decline may be associated
with the birds reaching maturity. Similar
results regarding growth intensity in com-
mon quails were reported by Mihaylov
(2006). In contrast, domestic quails of the
light egg-laying type demonstrate higher
growth rates (Saatci et al. 2002, Sezer et
al. 2006, Nankinov 2016, Grieser et al.
2018), indicating a more intensive growth
pattern. Regarding the weight differenc-
es of sexually mature male and female
individuals, our findings align with those
presented by several authors studying
common quails (C. coturnix) in field in-
vestigations (Michailov 1995b, Derégnau-
court et al. 2002, Tsachalidis et al. 2007,

Qureshi et al. 2016, Bagari¢ and Dumi¢
2019). Compared to the cited sources,
the live weight of the mature quails used
in the present study shows higher values.
This can be explained by the better raising
conditions and feeding of the birds in cap-
tivity or by hybridisation. When comparing
wild common and wild Japanese quail (C.
Japonica), no significant differences in live
weight were observed (Lyon 1962, Mc-
Gowan and Kirwan 2020). It can be stated
that selection has resulted in higher live
weights in domestic quails (C. japonica
domestica) comparing with their ances-
tor (Japanese quail) and common quail.
In domestic quails, live weight is one of
the traits most strongly influenced by se-
lection, with differences from their wild
ancestors up to three times (Lukanov and
Pavlova 2020a).

The available scientific literature does
not provide information regarding feed
consumption quantity in the different com-
mon quail age periods. In this context, the
present study can serve as a foundation
for the economic evaluation of the efficien-
cy of their captive raising, as feed costs
constitute a major component in determin-
ing the production cost of a single quail
(Lukanov and Pavlova 2020b). By analys-
ing the feed consumption data, averaged
for male and female quails, it is possible to
quantify the feed requirements across the
different feeding phases (starter, grower,
and finisher) for rearing a quail until their
restocking. Based on this study, a single
quail consumes an average of about 80 g
of starter feed (up to 14-day-old), 90 g of
grower feed (up to 21-day-old), and 730 g
of finisher feed (21-56-day-old). This al-
lows for accurate planning of the feed
needed for raising quails in game farms.
The primary rearing method for common
quails intended for game restocking in-
volves floor rearing during the brooding
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period (brooder houses), followed by avi-
ary housing (open-air flight pens) (Carava-
ca et al. 2022). Typically, higher feed con-
sumption is observed raising birds under
non-caged systems due to the increased
activity levels of the birds (Ahammed et
al. 2014). Therefore, for the purposes of
game farming practice and planning, we
recommend that feed calculations for
game farms be increased by about 10 %
during the brooding period and by about
20 % thereafter, compared to the values
presented in this study where cage-rear-
ing system was used.

Analysing the results regarding com-
mon quails’ live body weight, their physi-
cal development, and feed consumption,
it can be recommended that most effec-
tive restocking age is about 35 days. This
corresponds to the average age of trans-
fer to open-air flight pens (Caravaca et
al. 2022). By this point, the quails have
achieved live body weights (approximate-
ly 87 % in males and 80 % in females) and
physical development levels comparable
to those of adult birds. Keeping them on
the farm beyond this age would increase
their production cost, reduce the number
of batches processed, and necessitate
additional rearing facilities. Quails reared
up to 35-day-old consume half the amount
of feed (on average 421.2 g) compared to
those raised to sexual maturity. This would
lead to a threefold reduction in the finish-
er phase (approximately 250 g of finisher
feed per bird). In game farms, common
quails and their hybrids with Japanese
quails are typically marketed for purposes
such as game restocking, training hunting
dogs, or shooting practice at an age range
from 45 to 85 days (Caravaca et al. 2022).

In contrast to common quail, feed
utilisation in domestic quails is generally
more efficient. FCR values for domestic
quails raised up to 35-day-old typically

range from 3.0 to 3.9 (Ray et al. 2014,
Razee et al. 2016, Pavlova et al. 2018,
Lukanov 2022, Arunrao et al. 2023, Taleb
et al. 2024). The results provided by the
feed conversion ratio are significant when
any form of production is achieved, in this
case, growth. This information could be of
importance when tracking the efficiency
of converting feed into ‘meat’ i.e., when
quails are fattened for slaughter. Typical-
ly, game farms raise common quails for
game restocking or for breeding purposes.
Fattening common/hybrid quails and pro-
ducing game type meat falls into a mar-
ket niche primarily occupied by domestic
quails. The possibility of marketing meat
from captive-raised common quails is an
opportunity that, with an appropriate mar-
keting strategy, could offer new prospects
and economic advantages compared to
their classic use for restocking.

Conclusions

The present study provides a basis to
conclude that the origin of the population
of common quails does not significant-
ly influence their growth characteristics.
By 35-day-old, common quails reach ap-
proximately 87 % of the body weight of
adult males and 80 % of adult females,
consuming an average of 421.2 g of com-
pound feed. This gives reason to recom-
mend raising common quail until about
35-day-old for restocking purpose as the
most effective.
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