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SUMMARY

The aim of this study was to evaluate the production parameters and egg quality of
Japanese quail (Coturnix japonica) as a possible response to enrichment of the birds' cages. The
study material consisted of 280 individually marked Japanese quails (563:2242). Birds at 5
weeks of age were randomly divided into 7 equal-sized groups with replication subgroups (4
per group, 10 birds in each replicate). Birds were kept in 0,5 m? cages with unlimited access to
water and feed. The differentiating factor was the presence of enrichment in the birds’ cages.
The following groups were created: 1 — control (reared without any enrichment), 2 — nest box,
3 — scratching surface, 4 — corrugated flexible tube, 5 — limestone cube, 6 — sand bath box, and
7 — feed box with holes drilled in the cover. Bird liveability and productivity indices (laying
rate, FCR, egg weight, and body weight) were recorded throughout the experiment. After 6
weeks of the experiment, 24 eggs were randomly collected from each group for qualitative
analysis. The presence of an enriched environment was shown to positively influence
production parameters and the quality of eggs obtained from Japanese quails compared to
birds kept under standard husbandry conditions.
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INTRODUCTION

Stress is a common phenomenon in intensive animal husbandry, including poultry farms. The
most common cause of stress is the inability of birds, especially those kept under intensive cage
conditions, to express their natural behaviour. Legislation (Council Directive 2007/43/EC, Council
Directive 1999/74/EC, Council Directive 98/58/EC) regulates appropriate housing conditions for
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most farmed species, including meat and laying birds, but in the latter case only for the species Gallus
gallus. No standards or recommendations have been developed for the rearing environment of
Japanese quail (Coturnix japonica), except for basic stocking density standards. At the same time.
rearing and breeding of this species is growing rapidly, for the purpose of obtaining eggs (Drabik et
al., 2020), meat (Genchev et al., 2008), or chicks for use in various research studies (Batkowska et
al., 2018; Wlazlo et al., 2022). Japanese quails (Coturnix japonica) are small birds of the Phasianidae
family, selected for meat and egg production. Owing to their fast growth rate, high laying rate, and
short generation interval, they are also a relatively good model for poultry (Baer et al., 2015). The
Japanese quail was described for the first time as a useful animal model by Padgett and Ivey (1960)
and has since become a common laboratory species in studies of avian nutrition (Sigolo et al., 2019;
Reda et al., 2020), reproductive biology, endocrinology (Ottinger et al., 2001), immunology, and
ageing mechanisms (Holmes and Ottinger, 2003), as well as in behavioural studies (Pittet et al.,
2019).

The variety of research on Japanese quails, the progressive intensity of production, and the
increasing interest in the quail as a model organism suggests that behavioural research should focus
on opportunities to improve quail housing conditions. Providing the bird with appropriate housing
conditions allows it to feel comfortable and to express natural behaviour, which is reflected in
improved welfare and increased profits for the breeder through the elimination of undesirable
behaviour, reduced treatment costs and reduced mortality. It is also associated with better production
results and higher product quality.

The welfare of laying birds can be improved in many ways, including enrichment of cages with
elements such as perches and nests, introduced by legislation (Guesdon et al., 2006), various types
of floor and/or bedding material (Blokhuis et al., 1989), equipping bird boxes with play items to
stimulate environmental exploration, such as balls, bottles, bricks, brooms, brushes, buckets,
containers, pet toys and plastic tubes (Bari et al., 2020), specially designed toys to distract birds and
reduce potential aggression (Gvaryahu et al., 1994), and access to runs. in combination with various
stocking densities (Campbell et al., 2017). These methods mainly involve additional enrichment of
the birds' living space. The most important goal, apart from welfare, is to avoid adverse effects on
performance traits and production economics. Similar concerns apply to Japanese quails, due to their
considerable activity and cognitive curiosity, which may stimulate them to over-explore the
enrichments and thus waste energy.

On the other hand, studies indicate increased stress resistance in birds kept in enriched
environments. Research on Japanese quails in this context is scarce, but both our previous
observations (Ramankevich et al., 2022) and reports of other authors (Miller and Mench, 2005;
Nazarand Marin, 2011; Laurence et al., 2015) indicate that environmental enrichment improves birds'
welfare in terms of resistance to stress or immune modulation.

We hypothesized that, despite the lack of legal requirements, additional elements in the cages of
Japanese quails would be effective at improving their welfare. However, their effect on the birds’
production performance should be investigated. The aim of this study was to evaluate the production
parameters and egg quality of Japanese quail (Coturnix japonica) depending on enrichment of the
birds' living environment.
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MATERIALS AND METHODS

The study was approved by the Local Ethics Committee for Animal Experiments (approval no
17/2021).

The study material consisted of 280 Japanese quail (563 and 2249) individually marked with
wing tags. Birds at the age of 5 weeks were sexed and randomly assigned to 7 equal-sized groups
with replication subgroups (4 per group, 10 birds in each replicate, 23 and 8%9). This experimental
design made it possible to determine the effects on both male and female Japanese quails, so that the
enrichments could be used in both production and breeding flocks. The experiment was begun after
a 7-day period of acclimatization to the new environment. Birds were kept in 0,5 m? (50x100 cm)
cages with unlimited access to water and feed. Standard temperature and ventilation were used, as
well as a light programme (17 h light: 7 h dark). The differentiating factor was the presence of
enrichment in the birds' cages. Group 1 was the control group (C), kept in standard quail cages
equipped only with drinkers and feeders. The experimental groups were as follows: 2 — nest box (N
—nest), 3—scratching surface (SC — scratcher), 4 — corrugated flexible tube (T —tunnel), 5 — limestone
cube (LC — limestone cube), 6 — sand bath box (SB — sandbox), and 7 — feeding box with holes drilled
in the cover (F — feeder). A detailed description of the environmental enrichments can be found in a
previously published study (Ramankevich, 2022).

Throughout the experiment, bird liveability and production traits, i.e. number of eggs laid. egg
weight. and birds’ body weight (using an electronic scale to within 0,1 g) were recorded at 7-day
intervals. To determine feed intake, the residual feed was also weighed every 7 days. In the case of
the group with access to a drilled feeder (F), the weight of additional feed supplied was also taken
into account.

After 6 weeks of the experiment, 24 eggs were randomly collected from each group for
qualitative analysis of the following traits:

1. Whole egg:
« weight (electronic scale to within 0,01 g) (Kern, Kern &Sohn GmbH, Balingen, Germany)
« specific gravity (measurement of egg weight both in the air and submerged in water,
according to Archimedes' principle)
« shape index (measured using a calliper as the ratio of the length of the short axis to the long
axis; Limit, Alingsds, Sweden)

2. Eggshell
« strength (force required to break the shell (N). using an Instron Mini 55 apparatus (Instron®,
Norwood, MA, USA)
« colour (measured as a % of reflected light. using a colorimeter)
« weight (electronic scale to within 0,01 g)
« thickness (measured at the equator, i.e. mid-height of the egg. using a micrometer screw)
« density (Shafey, 2002)

3. Egg albumen
« height (measured after breaking the egg on a mirror table. by contact of the EQM (Egg
Quality Measurement, TSS®, York, UK) sensor with the surface of the thick albumen)
« weight (from the difference in weight of whole egg, shell and yolk)
+ Haugh unit (Williams, 1992)
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4. Egg yolk
« colour (using a colorimeter according to Roche's 16-point scale, DSM®)
« weight (electronic balance to within 0,01 g)
« index (measured using a calliper, as the ratio of the yolk height to its diameter)

The SPSS 24.0 package (IBM SPSS, 2016) was used for statistical processing of the data. The
normal distribution of individual variables was verified using the Shapiro-Wilk test. Groups were
compared using a one-way analysis of variance according to following model:

Yij=p + ai + &ij,

where:
p — grand mean
ai — fixed effect of the factor (enrichment) (i=0, 1, 2, 3, 4, 5, 6)
&ij;— sampling error
Tukey's multiple comparison test was performed, Results were presented in tables as the mean
and standard error of the mean (SEM).

RESULTS

Differences in laying performance between groups of Japanese quails (Fig. 1) depending on the
enrichments used were found at the beginning of the laying period (weeks 1 and 2) and its end (weeks
5 and 6). In the first week, laying performance was lowest in the birds from the control group, while
the highest values were obtained for groups 2 (N) and 5 (LC). In week 2, the highest values were
observed for group 2 (N) and the lowest for group 3 (SC). Contrasting results were obtained at the
final stage of rearing. In week 5, productivity was lowest in the birds from the control group and
highest in groups 3 (SC) and 6 (SB). The highest laying performance at week 6 was recorded in group
6 (SB), and the lowest in groups 2 (N) and 4 (T).
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%)
100

920

age (wks.)

1 2 3 4 s 6
1) 1,67a 31,79ab 66,07 77,50 80,00a 81,79ab
20 7,500 44,64c 61,07 76,79 82,14ab 78,57a
----- 3(50) 4,17ab 28,93a 59,29 75,36 87,14b 85,00ab
—4m 4,17ab 38,57abc 61,79 75,36 86,43ab 79,64a
-==500) 7,500 36,43abc 60,00 74,29 85,36ab 82,50ab
""""" 6(SB) 4,17ab 42,50bc 66,07 81,43 87,86b 87,86h
—T® 6,67ab 35,36abc 65,36 79,64 85,00ab 82,86ab

Fig. 1. Laying production of Japanese quails depending on cage enrichment, a, b — means (groups)
marked with different letters differ significantly at p < 0,05; groups: 1 — control (C — kept in standard
quail cages equipped only with drinkers and feeders), 2 — nest box (N — nest), 3 — scratching surface
(SC —scratcher), 4 — corrugated flexible tube (T — tunnel), 5 — limestone cube (LC — limestone cube),
6 — sand bath box (SB — sandbox), 7 — drilled feeding box (F — feeder)

The productivity traits of Japanese quail depending on the enrichment used were analysed
throughout the rearing period. Irrespective of sex and experimental group, no significant differences
were found in the liveability of birds during the rearing period. There were also no significant
differences in body weight or mean feed intake — either per bird or per egg (Table 1). The total
number of eggs laid showed no significant statistical differences between groups. However, the
highest number of eggs laid was obtained for quails from group 6 (SB).
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Table 1

Mean values of productivity traits of Japanese quails depending on cage enrichment (part 1)

Group (enrichment)

Age

Trait (wks)

sex

1(C)

2(N)

3(SC)

4(T)

5(LC)

6 (SB)

7(F)

SEM

Liveability

%) 0-6

100

100

100

100

100

100

95

Body
weight (g)

3+9

152,43
155,21
154,74
173,33
177,06
176,50
168,25
186,75
183,05
163,50
176,06
173,55
179,50
169,19
171,25
179,00
187,88
186,10
194,00
192,31
192,65

137,86
160,41
157,13
167,00
173,38
172,10
150,50
181,63
175,40
159,75
180,06
176,00
163,50
178,50
175,50
175,25
190,31
187,30
183,75
202,75
198,95

149,75
158,28
156,85
160,40
176,47
172,45
161,25
189,69
184,00
162,00
178,13
174,90
161,80
177,00
173,20
169,75
189,25
185,35
192,75
186,25
187,55

144,88
160,97
158,23
173,50
181,69
180,05
159,75
181,69
177,30
154,00
178,88
173,90
153,00
174,75
170,40
173,80
184,07
181,50
176,50
197,25
193,10

141,86
158,05
155,64
168,50
182,88
180,00
158,50
185,50
180,10
160,50
180,75
176,70
169,75
180,38
178,25
182,75
188,06
187,00
187,25
199,19
196,80

145,38
156,70
154,81
165,25
171,63
170,35
155,75
181,50
176,35
156,75
175,31
171,60
162,50
170,38
168,80
167,50
184,19
180,85
181,00
196,13
193,10

144,38
156,53
154,50
157,00
172,63
169,50
162,25
179,06
175,70
165,50
174,88
173,00
168,40
178,60
176,05
173,75
193,38
189,45
187,75
200,69
198,10

1,540
0,770
0,730
2,750
1,430
1,310
2,330
1,210
1,350
2,300
1,390
1,340
2,910
1,460
1,340
2,980
1,350
1,320
3,050
2,110
1,820

Mean daily
feed intake
(g/bird/
day)

a B~ w N e

6

3+9
3+¢
3+9
3+9
3+€
Shi

28,79
29,62
29,97
29,99
29,96
29,46

28,53
29,49
29,75
29,97
29,89
28,74

29,16
29,60
29,96
29,95
29,65
28,88

29,03
29,88
29,98
29,78
29,19
28,82

29,28
29,78
29,98
29,98
29,98
29,30

28,73
29,67
29,98
29,99
29,82
28,50

29,00
29,69
29,88
29,98
29,71
28,59

0,050
0,030
0,020
0,010
0,050
0,070

Groups: 1 — control (C — kept in standard quail cages equipped only with drinkers and feeders), 2 — nest box (N
— nest), 3 — scratching surface (SC — scratcher), 4 — corrugated flexible tube (T — tunnel), 5 - limestone cube (LC
— limestone cube), 6 —sand bath box (SB — sandbox), 7 — drilled feeding box (F — feeder)

Significant differences were observed for egg weights between groups (Table 2), with the highest
values obtained in group 5 (LC) and the lowest in group 7 (F), but these differences were noted only
in the initial stage of laying (week 1). In the final stage of rearing, the lowest values for this trait were
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also obtained in group 7 (feeder), while the highest were recorded in group 3 (SC). In the other
groups, the values for this trait were similar. Feed conversion per egg is an indicator of production
profitability (Table 2). In the second week, the highest feed intake was noted in group 3 (SC) and the
lowest in groups 2 (N) and 6 (SB). In weeks 3 and 4, the groups showed no significant differences.
They reappeared in the fifth week of rearing, when the highest conversion was recorded in the control
group and the lowest in group 4 (T). In the final week, the feed intake required to produce one egg
was also highest in the control group, followed by groups 2 (N), 4 (T) and 5 (LC), while the lowest
value was obtained for birds in group 6 (SB).

Table 2
Mean values of productivity traits of Japanese quails depending on cage enrichment (part 2)
Grou
(enrichmpem) 1(C) 2(N) 3(SC) 4(T) 5(LC) 6(SB) 7(F) SEM
. Age
Trait (Was)
1 8,11ab  8,96cd 8,58abc 8,16ab  9,38d 8,83bcd 7,87a 0,170
2 9,65a 9,71a  9,78a  9,56a 10,05ab 10,34b 9,782 0,100
WE?;’N 3 976ab 98b 9,78ab 9,73ab 957a 96lab 9,68ab 0,060
© 4 10,52¢  10,20bc 10,10b 10,12b 9,75a  9,93ab 10,03ab 0,070
5 10,62a 10,74ab 10,97b 10,66a 10,53a 10,7lab 10,60a 0,050
6 10,85ab 10,96ab 11,17b 11,02ab 10,83ab 10,92ab 10,74a 0,070
1 - - - - - - - -
2 108,50ab 81,60a 122,35b 87,62ab 84,42ab 74,64a 84,0l1ab 3,730
FCR 3 45,44 49,62 51,38 50,67 50,42 45,61 47,84 0,730
(9/ege) 4 3886 39,34 40,78 3996 40,68 36,89 3802 0,410
5 35/42c 34,11bc 31,87ab 31,47a 33,0lab 31,8lab 32,95ab 0,240
6 36,0lb  36,61b 33,92ab 36,10b 35,60b 32,21a 34,65ab 0,310
Total
number 1-6 946 970 945 962 957 1029 983 5,150
of eggs

a-d — means (groups) marked with different letters differ significantly at p <0,05; SEM — standard error of mean;
groups: 1 — control (C — kept in standard quail cages equipped only with drinkers and feeders), 2 — nest box (N —
nest), 3 — scratching surface (SC — scratcher), 4 — corrugated flexible tube (T — tunnel), 5 - limestone cube (LC
— limestone cube), 6 — sand bath box (SB — sandbox), 7 — drilled feeding box (F — feeder); FCR — feed conversion
ratio

Table 3 shows the quality characteristics of Japanese quail eggs depending on the cage
enrichment used. Eggs from group 4 (T) had the lowest shape index value. indicating the most
elongated shape, while groups 2 (N), 3 (SC), and 7 (F) produced the roundest eggs (with the highest
shape indices). Total egg weight was highest in the group whose cages were equipped with a tunnel
(4) and the group with access to a sandbox (6), while the lowest values were found in groups 5 (LC)
and 7 (F). Regarding the proportions of individual egg elements. the share of shell in the egg weight
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did not differ significantly between the experimental groups. However, the proportion of alboumen
was lowest in eggs from the control group and highest in group 6 (SB). The reverse pattern was
shown for the proportion of yolk in the egg weight. which was lowest in the control group and highest
in group 4 (tunnel). The specific gravity was highest for eggs from birds with access to a nesting
space (group 2) and lowest in groups 4 (tunnel), 5 (limestone cube) and 6 (sandbox).

Table 3
Quality traits of Japanese quail eggs depending on cage enrichment

Group (enrichment)

) 1(C) 2(N) 3(SC) 4(T) 5(LC) 6(SB) 7(F) SEM

Trait
Egg shape index 0,791b  0,794b 0,796b 0,774a 0,789ab 0,793b  0,793b 0,001
Egg weight (g) 11,62ab 11,48ab  11,50ab 11,84b  11,27a 11,67b 11,23a 0,040
) shell 14,52 14,04 14,63 14,33 14,28 13,97 14,89 0,120
Pmp;mo” albumen  515la 5403ab 54,02ab 5283ab 54,05 5528b 53,89b 0,280
0 yolk 28,97a 31,93bc  31,35hbc 32,84c 31,67bc 30,75ab 31,22bc 0,190
Specific gravity (g/cm®) 1,071ab 1,074b  1,068abc  1,065a 1,064a 1,066a 1,067ab 0,000
weight (g) 6,03a 6,21ab 6,21ab 6,25ab  6,09ab 6,45b 6,07ab 0,040
Albumen height (mm) 4,56b 4,47ab 4,41ab 4,57b 4,12a 4,72b 4,52ab 0,040
Haugh unit 89,74b  89,22ab  88,94ab  89,52ab 87,30a  90,56b 89,69ab 0,220
pH 9,24ab  9,26ab 9,27ab 9,28b 9,28b 9,22a 9,22a 0,000
weight (g) 3,39 3,66bc 3,61ab 3,89c 3,58ab  3,59ab  3,50ab 0,020
Yolk colour (pts) 4,40a 5,00c 4,55ab 4,70abc  4,75abc  5,00c 4,80bc 0,040
index 0417b 0,409ab  0406ab  0,402ab 039%a 0420b 0,406ab 0,002
pH 6,12bc  6,07ab 6,14bc 6,19c 6,09bc 5,96a 6,08b 0,010
strength (N) 10,36a  12,26ab  13,55b 10,282 1297ab 14,76b  14,26b 0,280
colour (%) 30,25ab  31,60b 31,35b 31,60b 29,40ab 29,65ab 2590a 0,420
Eggshell weight (g) 1,70 1,61 1,68 1,70 1,61 1,63 1,67 0,010
thickness (mm) 0,177a 0,184ab  0,197ab  0,201b 0,197ab 0,195ab 0,195ab 0,001
density (g/cm®)  3,93b 3,62ab 3,55a 3,42a 3,46a 3,42a 3,63ab 0,030

a-c — means (groups) marked with different letters differ significantly at p < 0,0; SEM — standard error of mean;
groups: 1 — control (C — kept in standard quail cages equipped only with drinkers and feeders), 2 — nest box (N —
nest), 3 — scratching surface (SC — scratcher), 4 — corrugated flexible tube (T - tunnel), 5 — limestone cube (LC
— limestone cube), 6 — sand bath box (SB — sandbox), 7 — drilled feeding box (F — feeder)

Eggs from group 6 (SB) had the highest albumen weight. while the lowest value was recorded in
the control group. The albumen height was lowest in group 5 (limestone cube), and significantly the
highest in groups 1 (control), 4 (T) and 6 (SB). Similar relationships between groups were observed
in the case of Haugh units. The albumen pH value in fresh eggs was lowest in groups 6 and 7 (sandbox
and feeder) and significantly the highest in groups 4 and 5 (tunnel and limestone cube). Analysis of
egg yolk quality traits showed that yolk weight was significantly the lowest in the control group and
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the highest in group 4 (T). The yolk colour was most intensive in eggs obtained from quail in groups
2 (N) and 6 (SB) and least intensive in the control group. The lowest yolk shape index was found in
eggs from group 5 (LC), while the highest values, indicating the roundest shape, were recorded in
the control group and the group with access to a sand bath (group 6, SB). The yolk pH was also the
lowest in this group. Evaluation of eggshell quality revealed that the strength of eggshells from the
control and group 4 (tunnel) was considerably lower than in groups 3 (SC), 6 (SB) and 7 (F). Shell
weight did not differ significantly depending on the enrichment used in the quail cages. The thickest
shell was observed in eggs from birds in group 4 (T), and the thinnest in eggs from the control group.

DISCUSSION

One of the basic elements of poultry production determining flock management is the birds’
productive performance. In our study, no significant differences in body weight were observed
between groups. The results do not differ from those described by Zelenka et al. (1984). Data
presented by El-Tarabany (2016) for body weight in groups of Japanese quail subjected to heat stress
are similar to our findings. In that study the results for the control group were significantly higher,
which may indicate the role of stress in determining Japanese quail body weight.

The results of our study also showed no significant differences in daily feed intake depending on
the experimental group, and the data are consistent with those presented by Pieroni et al. (2020) for
a control group fed standard compound feed. Sahin and Kucuk (2003) found that daily feed intake
decreased with heat stress. The results obtained by the authors for the control group are similar to
those obtained in our study, which may indirectly suggest a low stress level in the birds included in
the experiment.

Egg weight .was observed to increase with the duration of the experiment. This relationship has
previously been described for hens (Zita et al., 2009) as well as for Japanese quails (Nowaczewski et
al., 2010). It should be noted that the results of our study are significantly higher than those presented
by other authors (Nagarajan et al., 1991) for birds of similar ages. In general. researchers indicate
that not only age but also stocking density (Nagarajan et al., 1991), environmental conditions, diet
(Nowaczewski et al., 2010) and heat stress (Alagawany et al., 2017) significantly affect the weight
of eggs. In our study, however, the birds were kept in identical environmental conditions and fed the
same balanced diet, so the differences observed are directly due to the enrichment of the birds' living
environment.

The quality of Japanese quail eggs, as in other poultry species. is influenced by a number of
factors associated with flock age (Nowaczewski et al., 2010), genetic background (Hrnéar et
al.,2014), diet, and flock management system. In the case of Japanese quails. shell colour also plays
an important role in determining egg quality. Eggs with standard spotting usually weigh more and
have a higher proportion of albumen than those with a plain shell (Taha. 2011; Drabik et al., 2020).
In our study all eggs were standard coloured, so the enrichment used was the only diversifying factor.
The differences observed, both in egg weight and the proportions of its individual elements, are
probably linked to the age of sexual maturity of the birds, as these characteristics change with the
age of the flock (Nowaczewski et al., 2010). However, it cannot be conclusively determined whether
the earlier start of laying in some experimental groups was linked to the enrichment or solely to
individual variability.

Interesting observations can be made concerning eggshell quality characteristics. The fact that
the best eggshell strength was obtained in the group of birds with access to a sandbox was probably
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due to intake of micro-and macroelements from the sand. Many studies confirm that the addition of
minerals to the diet of birds has a positive effect on eggshell quality (Um and Paik, 1999; Stefanello
et al., 2014). Interestingly, similar variation was not observed in the group of birds with access to a
limestone cube. Such cubes are commonly used in cage rearing of ornamental birds, mainly to meet
their mineral requirements. Unfortunately, these observations were not reflected in our study,
probably because the birds perceived the limestone as foreign objects whose colour, shape and
placement on the cage wall were unattractive to them.

CONCLUSIONS

Enrichments, which allow the quails to exhibit their natural behaviour. do not adversely affect
the number of eggs obtained, the body weight of the birds. or their liveability. This indicates that they
do not cause the birds to overexploit their environment, which could result in energy losses.

Enrichment in the form of a sandbox, introduced to provide sand baths for the birds, is at the
same time a source of mineral elements and has a positive influence on eggshell quality, including
its strength.

Enrichment of the living environment of Japanese quail (Coturnix japonica) has a positive effect
on production parameters and egg quality compared to birds kept under standard conditions.
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