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Abstract

This study investigated the effects of malt supplementation via drinking water on
growth performance, feed efficiency, carcass traits, and behavior in Japanese quail. A
total of 240 Japanese quail chicks were randomly assigned to four experimental groups:
control and 0.5% (T05), 1% (T1), or 2% (T2) malt supplementation. Malt was
administered via drinking water for seven consecutive days during weeks 3 and 5. Body
weight (BW), feed intake (Fl), feed conversion ratio (FCR), carcass traits, and behavioral
activities were evaluated. Malt supplementation did not significantly affect BW or
carcass characteristics (P > 0.05). However, Fl was significantly higher in the T1 and T2
groups than in the control and TO5 groups (P < 0.05), and drinking behavior increased
significantly in the T1 and T2 groups (P < 0.05). Higher malt supplementation levels also
resulted in poorer FCR throughout the evaluated periods (P < 0.05). Other welfare-
associated behavioral activities were not significantly affected by malt supplementation
(P > 0.05). Malt supplementation at 1% and 2% primarily affected ingestive behaviour
by increasing feed intake and drinking activity without improving growth performance
and adversely affected feed efficiency.
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Introduction

In recent years, increasing restrictions on the use
of antibiotic growth promoters in poultry production
have accelerated the search for alternative natural
feed additives capable of improving productivity, gut
health, welfare, and physiological resilience in poultry
species. Accordingly, considerable attention has been
directed toward phytogenic compounds, probiotics,
prebiotics, symbiotic, organic acids, medicinal plant
extracts, and fermentation-derived products as
sustainable nutritional strategies in modern poultry
nutrition. (Acharya and Barsila, 2025). Previous studies
demonstrated that natural feed additives may
influence growth performance, feed utilization,
intestinal morphology, immune function, oxidative
status, carcass characteristics, and behavioural
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responses in poultry under both commercial and
experimental conditions (Sahin et al., 2008; Tufan and
Bolacali, 2017; Tenério et al., 2017; Korkmaz Turgud
and Naring, 2022).

Japanese quail (Coturnix japonica) has become an
increasingly important avian model in poultry research
because of its rapid growth rate, early sexual maturity,
short generation interval, low maintenance cost, and
high sensitivity to nutritional and environmental
manipulations. Beyond its commercial value, Japanese
quail is widely used in studies investigating nutritional
interventions, feed additives, welfare conditions, and
behavioural responses. Previous research indicated
that supplementation with probiotics, symbiotic,
herbal extracts, organic acids, and phytogenic
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compounds may alter productive performance and
carcass characteristics in quail, although reported
responses remain inconsistent and appear to depend
largely on additive type, dosage, environmental
conditions, and management practices (Ayasan, 2016;
Tufan and Bolacali, 2017; Mohamed et al., 2024). In
addition, several studies suggested that behavioural
responses to nutritional interventions may provide
important complementary information regarding
physiological adaptation and welfare status in quail
production systems (Miller and Mench, 2006; Laurence
etal., 2015). Among natural feed additives, malt-derived
products have attracted increasing scientific interest
because of their rich nutritional and bioactive
composition. Malt extract and malted grains contain
soluble carbohydrates, maltose, fermentable
substrates, amino acids, vitamins, phenolic compounds,
antioxidant-active molecules, and non-starch
polysaccharides that may influence digestive physiology
and metabolic activity (Zhao et al., 2008; Qingming et al.,
2010). Furthermore, the malting process may improve
nutrient availability through enzymatic hydrolysis and
partial fermentation, thereby altering the biochemical
profile of cereal grains. For this reason, malt-derived
products have been investigated for their potential
effects on nutrient digestibility, intestinal morphology,
gut microbiota composition, and immune responses in
poultry species (Sedghi and Kakhki, 2018; Talazadeh and
Houshmandi, 2025).

Previous studies evaluating malt-derived products
in poultry reported variable but biologically important
responses associated with digestive physiology and
productive performance. Sedghi, and Kakhki, (2018)
observed that barley malt extract supplementation
improved jejunal morphology and influenced growth-
related parameters in broiler chickens. Similarly,
Talazadeh and Houshmandi (2025) reported that malt
extract  supplementation  altered  Lactobacillus
populations within the digestive tract of broilers,
suggesting a potential modulatory effect on gut
microbiota. In addition, studies investigating malted
sorghum products demonstrated alterations in feed
utilization efficiency, growth performance, and
physiological responses in poultry species (Fanimo and
Akinola 2006; Moses et al., 2024). Collectively, these
findings indicate that malt-derived compounds may
influence gastrointestinal function and nutrient
utilization through both nutritional and microbial
pathways. Despite these potential benefits, malt-
derived products may also exert antinutritional effects
depending on supplementation level and cereal source.
Barley-derived B-glucans and other soluble non-starch
polysaccharides are known to increase intestinal digesta
viscosity, impair nutrient diffusion, and reduce feed
utilization efficiency in poultry species (Jacob and
Pescatore, 2014; Nguyen et al., 2021). Thus, the
effects of malt supplementation may depend on the
balance between its potentially beneficial components and
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the antinutritional effects associated with soluble
non-starch polysaccharides (Jacob & Pescatore, 2014;
Nguyen et al., 2021). Although fermentation-derived
feed additives have received increasing attention in
poultry nutrition, information regarding malt
supplementation administered via drinking water
remains limited, particularly in Japanese quail.

Behavioural traits are increasingly recognized as
valuable indicators of animal welfare and adaptive
physiological status in poultry production systems.
Feeding activity, drinking behaviour, locomotion,
resting, preening, feather pecking, and aggressive
interactions may provide important insights into
nutritional adequacy, environmental adaptation,
stress responses, and social stability. Previous studies
demonstrated that nutritional interventions and
environmental enrichment strategies may influence
welfare-associated behavioural activities in Japanese
quail, although behavioural responses are often
variable and context dependent (Miller and Mench,
2006; Laurence et al., 2015; Tendrio et al., 2017). In
particular, feather pecking and aggressive interactions
are commonly considered important indicators of
social stress and environmental discomfort in poultry
species. Therefore, evaluating behavioural responses
together with productive performance may provide a
more comprehensive understanding of the biological
consequences of novel nutritional interventions.

Research on malt-derived products in poultry has
focused mainly on broiler chickens, while information
on their effects in Japanese quail remains limited,
particularly when administered via drinking water.
Therefore, this study aimed to evaluate the effects of
different levels of malt supplementation via drinking
water on growth performance, feed utilization, carcass
characteristics, and behavioural responses in Japanese
quail reared under enriched cage conditions.

Materials and Methods

This study was conducted at the Animal Research
Facilities of the Department of Animal Science, Faculty of
Agriculture, Akdeniz University, Tilrkiye, using Japanese
quail (Coturnix japonica) as animal material. All animal care,
housing, handling, and experimental procedures used in
the present study were conducted in accordance with the
regulations of the Republic of Tirkiye Ministry of
Agriculture and Forestry regarding animal welfare and
were performed under the standard practices and
conditions accepted by the Akdeniz University Local Ethics
Committee for Animal Experiments. Fertile eggs were
obtained from a healthy breeding flock maintained at the
same research facility. A total of 400 freshly collected eggs
were incubated in a fully automatic commercial incubator
without prior storage. During the first 14 days of
incubation, the temperature and relative humidity were
maintained at 37.5°C and 55%, respectively. On day 14, the
eggs were transferred to the hatcher, where the
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temperature and relative humidity were adjusted to
37.2°C and 65%, respectively, until hatching. Following
hatching, 240 healthy quail chicks were randomly
selected, individually wing-banded, and weighed at
hatch. Chicks were initially reared in battery-type
heated brooder cages during the first 2 weeks of age at
a stocking density of 75 cm?/bird. At 3 weeks of age, sex
was determined based on external phenotypic
characteristics, including plumage coloration and breast
feather pattern. The final experimental population
consisted of 112 females and 128 males. Following sex
determination, birds were randomly allocated to the
four treatment groups and replicate cages, while
maintaining the male-to-female ratio as balanced as
possible across treatments and replicate cages. Birds
were  subsequently  transferred to  enriched
experimental grower cages.

The experiment was conducted using four malt
supplementation treatments. Male and female birds
were housed together within each replicate cage,
reflecting the conventional mixed-sex rearing system
used for Japanese quail. Following sex determination,
the 112 females and 128 males were randomly
distributed among treatments and replicate cages
while maintaining the sex ratio as balanced as
possible. Each treatment consisted of two replicate
cages with 30 birds per cage. Malt supplementation
was administered through the drinking water at the
replicate-cage level. Feed intake was recorded at the
cage level, whereas body weight was recorded
individually for each bird. Individual FCR values were
calculated by dividing the average feed intake per
bird within each replicate cage by the individual body
weight gain of each bird during the corresponding
period. Experimental groups consisted of a control
group receiving plain drinking water and 3 malt
extract treatment groups receiving 0.5% (5 mL/L), 1%
(10 mL/L), or 2% (20 mL/L) malt extract
supplementation via drinking water. Each treatment
consisted of 2 replicate cages with 30 birds per cage.
Malt extract supplementation was applied only
during weeks 3 and 5 of the experimental period for
7 consecutive days in each supplementation phase,
whereas birds received unsupplemented drinking
water during weeks 4 and 6. Feed and water were
provided ad libitum throughout the study. Birds were
housed in enriched cages containing wood-shaving
litter material approximately 4 cm in depth, perches,
scratching and walking areas, dust-bathing facilities,
and hanging enrichment objects designed to
stimulate exploratory behavior and improve animal
welfare conditions. Stocking density was adjusted
according to welfare-oriented housing
recommendations adapted for quail production
systems. A lighting schedule of 23 h light and 1 h
darkness was applied throughout the experiment.
Ambient temperature was gradually reduced from
approximately 35°C at hatch to 24°C by the end of the
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second week and thereafter maintained between 22
and 24°C until the end of the experiment. Relative
humidity was maintained between 50 and 60%. All
birds received the same basal mash diet formulated to
meet nutrient requirements for growing Japanese
quail. The diet contained approximately 24% crude
protein and 2,900 kcal/kg metabolizable energy. The
ingredient composition and calculated nutrient
content of the basal diet are presented in Table 1. No
growth-promoting antibiotics or additional feed
additives were included in the basal diet.

Individual body weight measurements were
obtained weekly from hatch to 6 weeks of age using a
digital balance with a precision of 0.01 g. Feed intake
was recorded on a cage basis and calculated weekly.
Feed conversion ratio (FCR) values were calculated by
dividing feed intake by body weight gain for the
corresponding experimental period. Mortality was
monitored and recorded daily throughout the study.
Overall mortality remained below 3% and did not differ
among treatment groups; therefore, mortality data
were not presented separately in the Results section.
Behavioral observations were performed during week 5
and week 6 using the focal sampling method.
Observations were conducted twice daily at 10:00 and
15:00 h. From each treatment group, 10 birds (5 females
and 5 males) were randomly selected for behavioral
monitoring. Each bird was recorded for 5 min using a
digital video camera system, and recordings were
subsequently analyzed by 3 trained observers using
Observer XT software (Noldus Information Technology,
Wageningen, the Netherlands). Behavioral parameters
were classified into performance-related and welfare-
related activities, including feeding, drinking, walking,
standing, scratching, preening, wing stretching, and
resting behaviors. In addition, undesirable behaviors
such as feather pecking, aggressive pecking, and
jumping were evaluated. Both frequency and duration
of behavioral activities were determined, and
behavioral time budgets were calculated as percentages
of total observation time. In addition, undesirable
behaviors such as feather pecking, aggressive pecking,
and jumping were evaluated. Both frequency and
duration of behavioral activities were determined, and
behavioral time budgets were calculated as percentages
of total observation time. In addition, undesirable
behaviors such as feather pecking, aggressive pecking,
and jumping were evaluated. Feather pecking was
defined as pecking directed toward the feathers or
plumage of another bird without an overt aggressive
interaction. Aggressive pecking was defined as forceful
pecking directed toward another bird, typically involving
the head, neck, or body, as part of an agonistic
interaction. Jumping was defined as an event in which a
bird propelled itself upward from the cage floor with
both feet leaving the ground simultaneously. Both
frequency and duration of behavioral activities were
determined, and behavioral time budgets were
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calculated as percentages of total observation time. At
the end of the 6-wk experimental period, birds were
subjected to slaughter procedures following a 4-h feed
withdrawal period. Pre-slaughter live weights were
individually recorded. Birds were slaughtered by
severing the jugular vein and carotid artery to allow
complete bleeding, followed by scalding, defeathering,
and evisceration procedures. Hot carcass weights were
recorded immediately after evisceration, excluding
edible visceral organs but including neck and abdominal
fat. Heart, liver, and empty gizzard weights were also
determined as edible visceral organ components.
Carcasses were subsequently stored at 4°C for 24 h,
after which cold carcass weights and carcass part
weights, including breast, leg, wing, and neck-back
portions, were measured using a digital scale with 0.01
g sensitivity. All statistical analyses were performed
using R software (R Core Team, Vienna, Austria). For
individually measured traits, including body weight,
carcass characteristics, and behavioral variables, data
were analyzed using models including malt
supplementation treatment, sex, and the treatment x
sex interaction as fixed effects. Replicate cage nested
within treatment was included as a random effect to
account for the clustering of birds housed within the
same cage. For feed intake (Fl) and feed conversion ratio
(FCR), which were measured at the cage level in mixed-
sex groups, the replicate cage was considered the
experimental unit, and only the effect of malt
supplementation treatment was evaluated. Therefore,
sex-specific FI and FCR were not calculated. When
significant treatment differences were detected,
Tukey’s multiple-comparison test was used. Results are
presented as least-squares means and pooled standard
error of the mean (SEM). Statistical significance was
declared at (P < 0.05).

Results and Discussion

The effects of malt supplementation via drinking
water on growth performance, feed intake (Fl), and feed
conversion ratio (FCR) of Japanese quail are presented
in Table 2. Malt supplementation did not significantly
affect body weight at 28, 35, or 42 d of age (P > 0.05).
Nevertheless, numerically greater body weights were
observed in birds receiving 1% and 2% malt
supplementation compared with the control group
throughout the experimental period. At 42 d of age, the
highest body weight was recorded in the T2 group
(217.94 g), whereas the control group exhibited the
lowest value (204.94 g). Sex significantly influenced
body weight at all evaluated ages (P < 0.05), with
females consistently exhibiting greater body weights
than males. No significant treatment x sex interaction
was detected for BW28, BW35, or BW42 (P > 0.05).

In contrast to body weight, FI values were
significantly affected by malt supplementation at all
evaluated periods (P < 0.05). Birds receiving 1% and 2%
malt supplementation exhibited markedly greater feed
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consumption compared with the control and TO5
groups. At 42 d of age, Fl values reached 774.10 and
782.23 gin T1 and T2 groups, respectively, whereas the
control group consumed 684.34 g feed. Female quails
also consumed significantly more feed than males
throughout the study (P < 0.001). Similar to body weight
traits, no significant treatment x sex interaction was
detected for Fl values (P > 0.05).

Feed conversion ratio was negatively influenced
by higher levels of malt supplementation. Birds receiving
1% and 2% malt supplementation exhibited significantly
greater FCR values at 28, 35, and 42 d of age compared
with the control and TO5 groups (P < 0.01). At 42 d of
age, FCR values increased from 3.46 in the control group
to 3.76 and 3.73 in T1 and T2 groups, respectively.
Neither sex nor treatment x sex interaction significantly
affected FCR values (P > 0.05).

The absence of significant body weight responses
despite increased feed consumption suggests that malt
supplementation stimulated feed intake without
proportionally improving growth efficiency. Similar
findings were reported by Korkmaz Turgud and Naring
(2022), who observed that dietary maca
supplementation increased feed consumption in
Japanese quail without significantly affecting final body
weight or carcass traits. Likewise, Tufan and Bolacali
(2017) reported that synbiotic supplementation
affected FI and FCR more markedly than body weight
responses in Japanese quail. These findings collectively
suggest that natural feed additives may alter feeding
behavior and nutrient utilization without necessarily
producing proportional increases in growth rate.

The increased Fl observed in malt-supplemented
groups may be associated with the palatable
composition of malt-derived compounds, including
soluble carbohydrates and fermentable substrates.
Malting barley contains substantial levels of phenolic
compounds and antioxidant-active components that
may influence metabolic activity and digestive
physiology (Zhao et al., 2008). In addition, malt-derived
fermentable carbohydrates and bioactive compounds
may stimulate appetite and gastrointestinal activity,
thereby increasing feed consumption.

However, the impaired FCR observed at higher
supplementation levels may be associated with the B-
glucan fraction naturally present in barley-derived
products. Barley B-glucans are known to increase
intestinal digesta viscosity, reduce nutrient digestibility,
and impair feed utilization efficiency in poultry (Jacob &
Pescatore, 2014).

Similarly, Nguyen et al. (2021) reported that non-
starch polysaccharides and glucan fractions can influence
digestive function and nutrient utilization in poultry
species. Therefore, although malt supplementation may
have enhanced feed palatability and stimulated ingestive
activity, excessive intake of soluble B-glucan-rich
compounds may have limited efficient nutrient utilization,
ultimately resulting in poorer feed conversion efficiency at
higher supplementation levels.
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The effects of malt supplementation via drinking
water on carcass characteristics and abdominal fat
deposition are presented in Table 3. Dietary malt
supplementation did not significantly affect carcass
weight, carcass part weights, or abdominal fat
deposition in Japanese quail (P > 0.05). Nevertheless,
numerically greater carcass and breast weights were
observed in birds receiving the highest level of malt
supplementation. The T2 group exhibited the greatest
carcass (157.86 g) and breast weight values (63.64 g),
whereas the control group showed the lowest carcass
weight (140.07 g). Similarly, abdominal fat values
numerically  increased  with  increasing  malt
supplementation levels, although differences among
treatment groups were not statistically significant (P >
0.05). Sex significantly affected several carcass
characteristics. Female quails exhibited significantly
greater carcass, breast, leg, wing, and neck-back weights
compared with males (P < 0.05). In contrast, abdominal
fat deposition was not significantly influenced by sex (P
> 0.05). No significant treatment x sex interaction was
detected for carcass traits or abdominal fat values (P >
0.05). The significant sex effect observed for carcass and
carcass part weights in the present study is consistent
with previous reports in Japanese quail. Tufan and
Bolacali (2017) reported that female quails had higher
BW at 42 d of age and showed higher breast, breast skin,
abdominal fat, and visceral organ percentages, whereas
males had higher carcass yield, wing, neck, and other
carcass part percentages. Similarly, Naring and Geng
(2021) reported significant sex effects for slaughter-
carcass traits at 42 d of age, and Karakelle et al. (2023)
also observed significant sex-related differences in
several slaughter and carcass characteristics. Therefore,
the higher carcass, breast, leg, wing, and neck-back
weights observed in females in the present study are
most likely associated with the greater final body weight
of female quails rather than a sex-specific response to
malt supplementation. This interpretation is further
supported by the absence of significant treatment x sex
interactions for all carcass traits and abdominal fat. The
lack of significant carcass responses despite increased
feed intake suggests that additional nutrient
consumption induced by malt supplementation did not
proportionally enhance tissue accretion. Similar findings
were reported by Korkmaz Turgud and Naring (2022),
who observed that dietary maca supplementation in
Japanese quail did not significantly alter carcass yield
despite numerical differences among treatment groups.
Likewise, Tufan and Bolacali (2017) reported limited
effects of synbiotic supplementation on carcass
characteristics in growing quails. These findings
collectively indicate that natural feed additives may not
consistently induce substantial carcass responses,
particularly when growth performance improvements
remain limited. The numerically greater carcass and
breast weights observed in the T2 group may indicate
that malt supplementation partially supported muscle
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through increased nutrient intake and energy availability.
Malt-derived products contain readily fermentable
carbohydrates and bioactive compounds that may
stimulate digestive activity and nutrient absorption
(Zhao et al., 2008). However, the absence of statistically
significant differences suggests that these potential
metabolic advantages were insufficient to induce
marked carcass improvements under the present
experimental conditions.

The effects of malt supplementation via drinking
water on performance-related and social behavioral
activities of Japanese quail are presented in Table 4.
Among the evaluated behavioral parameters, only
drinking behavior was significantly affected by malt
supplementation (P < 0.05). Birds receiving 1% and 2%
malt supplementation exhibited markedly greater
drinking activity compared with the control and T05
groups. The highest drinking behavior value was
observed in the T1 group (4.03%), whereas the control
group exhibited the lowest value (2.42%). In contrast,
feeding, walking, standing, scratching, preening, wing
stretching, and resting behaviors were not significantly
influenced by malt supplementation (P > 0.05).
Likewise, sex and treatment x sex interactions did not
significantly affect any behavioral parameter evaluated
in the present study (P > 0.05).

The increased drinking behavior observed in birds
receiving higher levels of malt supplementation was
consistent with the increased Fl values detected in the
same groups. Because malt supplementation was
administered via drinking water, the elevated drinking
activity likely reflected both increased palatability and
greater voluntary water consumption associated with
malt-derived soluble compounds. Malt products contain
soluble carbohydrates, fermentable substrates, and
phenolic compounds that may alter flavor perception
and gastrointestinal activity (Zhao et al.,, 2008).
Increased water intake may therefore represent a
physiological response associated with enhanced
ingestive activity and metabolic demand.

Despite numerical increases in feeding and locomotor
activity in T1 and T2 groups, the absence of significant
differences for most behavioral traits suggests that malt
supplementation did not markedly alter the general
behavioral repertoire of Japanese quail. Similar findings
have been reported in studies evaluating natural feed
additives and environmental enrichment strategies in
quail. Miller and Mench (2006) reported that
environmental enrichment interventions did not
consistently modify all behavioral activities despite
affecting certain welfare-associated responses. Likewise,
Laurence et al. (2015) demonstrated that behavioral
responses to environmental or nutritional interventions
may remain relatively stable under non-stressful rearing
conditions. The lack of significant effects on resting,
preening, scratching, and standing behaviors further
suggests that malt supplementation did not induce
detectable behavioral discomfort or physiological stress.
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nutritional stressors. In the present study, the stability of
these behavioral parameters indicates that malt
supplementation was behaviorally well tolerated under
the experimental conditions applied.

Interestingly, feeding  behavior  numerically
increased in T1 and T2 groups, paralleling the elevated Fl
values observed in Table 2, although these differences did
not reach statistical significance. This pattern suggests
that malt supplementation may have stimulated ingestive
motivation without substantially altering overall activity
allocation within the daily behavioral time budget.
Collectively, the behavioral findings support the
interpretation that malt supplementation primarily
influenced ingestive behavior, particularly water
consumption, rather than broader social or locomotor
behavioral patterns in Japanese quail.

The effects of malt supplementation via drinking
water on aberrant behavioral activities of Japanese quail
are presented in Table 5. Feather pecking, aggressive
pecking, and jumping behaviors were not significantly
affected by malt supplementation, sex, or treatment x
sex interaction (P > 0.05). Although numerically greater
feather pecking values were observed in the T2 group,
differences among treatment groups remained
statistically insignificant. Similarly, aggressive pecking
and jumping behaviors showed only minor numerical
fluctuations among experimental groups.

The absence of significant alterations in aberrant
behaviors suggests that malt supplementation did not
induce detectable behavioral stress or social instability
in Japanese quail. Feather pecking and aggressive
pecking are generally considered important welfare-
associated indicators in poultry species because these
behaviors are commonly associated with social stress,
environmental discomfort, nutritional imbalance, or
elevated stocking density. In the present study, the
stability of these behavioral traits indicates that malt
supplementation neither exacerbated nor suppressed
undesirable social interactions among birds.

Similar findings have been reported in studies
evaluating nutritional and environmental interventions
in Japanese quail. Miller and Mench (2006) reported
that environmental enrichment strategies did not
consistently reduce aggressive pecking or feather
pecking behavior under all experimental conditions.
Likewise, Taskin et al. (2017) demonstrated that some
management-related interventions may  alter
productive performance without substantially affecting
aggressive or abnormal behavioral activities in quail. In
addition, Tendrio et al. (2017) observed that although
certain phytogenic additives may influence welfare-
associated behavioral patterns, behavioral responses
are often variable and highly dependent on additive
type, dosage, and environmental conditions.

The lack of treatment effects on aberrant
behaviors in the present study may indicate that malt
supplementation primarily influenced ingestive and
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and metabolic responses rather than neurobehavioral
or social behavioral pathways. This interpretation is
supported by the significant increase in drinking activity
observed in Table 4 together with the absence of major
changes in locomotor, comfort-related, or aggressive
behaviors. Collectively, the behavioral findings suggest
that malt supplementation via drinking water was
behaviorally safe under the present experimental
conditions and did not negatively affect social welfare
indicators in Japanese quail.

Conclusions

Malt supplementation via drinking water did not
significantly affect body weight, carcass characteristics,
or aberrant behavioral activities in Japanese quail under
the conditions of the present study. However, birds
receiving 1% and 2% malt supplementation exhibited
significantly greater feed intake and drinking behavior,
indicating that malt-derived compounds may stimulate
ingestive activity and voluntary consumption patterns.
Despite increased feed consumption, higher malt
supplementation levels adversely affected feed
conversion ratio, suggesting that increased nutrient
intake was not efficiently converted into growth
performance.

The absence of major alterations in comfort-related and
aggressive behavioral activities further indicated that
malt supplementation was behaviorally well tolerated
and did not negatively affect welfare-associated
behavioral indicators in Japanese quail. The findings of
the present study suggest that malt supplementation
primarily influenced ingestive and metabolic responses
rather than productive performance or social behavioral
patterns.

Because the present study focused mainly on
productive, carcass, and behavioral parameters, further
studies investigating intestinal morphology, digestive
enzyme activity, gut microbiota composition, and
nutrient digestibility are needed to better clarify the
physiological mechanisms underlying the observed
responses to malt supplementation in poultry species.

Ethical Statement

Animal care, management, and all experimental
procedures performed in this study were conducted in
accordance with the regulations of the Republic of
Tiirkiye Ministry of Agriculture and Forestry and under
the conditions recommended by the Akdeniz University
Local Ethics Committee for Animal Experiments (No: E-
74568308-010.01-1539713)
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Table 1. Ingredient composition and calculated nutrient content of the basal diet fed to Japanese quail during the experimental period

Ingredients Inclusion (%)
Corn 51.50
Soybean meal 41.50
Vegetable oil 3.00
Limestone 1.25
Dicalcium phosphate 1.60
Salt 0.35
DL-methionine 0.30
L-lysine 0.15
Vitamin-mineral premix* 0.35
Total 100.00
Calculated nutrient composition

Metabolizable energy, kcal/kg 2,900
Crude protein, % 24.00
Calcium, % 0.98
Available phosphorus, % 0.42

* Vitamin-mineral premix supplied per kilogram of diet: vitamin A, 17,060 IU; vitamin D3, 4,100 IU; vitamin E, 27 mg; vitamin K3,
0.99 mg; vitamin B12, 0.015 mg; folic acid, 0.8 mg; pantothenic acid, 15 mg; riboflavin, 5.4 mg; niacin, 45 mg; thiamine, 2.7 mg;
biotin, 0.07 mg; pyridoxine, 5.3 mg; manganese, 90 mg; zinc, 83 mg; iron, 121 mg; copper, 12 mg; iodine, 0.5 mg; selenium, 0.3 mg.

Table 2. Effects of malt supplementation via drinking water on growth performance, feed conversion ratio (FCR), and feed intake (Fl)

BW28 BW35 BW42 FCR28 FCR35 FCR42 FI28 FI35 Fl42
C 121.23 169.94 204.94 3.00b 3.24b 3.46b 342.39b 528.86b 684.34b
TO5 129.27 172.92 201.66 3.01b 3.25b 3.47b 365.42b 536.86b 671.04b
T1 136.94 180.57 213.36 3.18a 3.54a 3.76a 411.43a 613.33a 774.10a
T2 138.24 183.10 217.94 3.20a 3.51a 3.73a 417.75a 615.49a 782.23a
Female 143.65 192.14 228.26 3.14 3.45 3.67 427.60 635.87 807.71
Male 119.19 161.13 190.69 3.06 3.34 3.55 340.90 511.40 648.15
C* Female 126.86 178.29 215.70 3.08 3.32 3.53 368.30 568.43 735.03
C* Male 115.59 161.59 194.18 2.93 3.17 3.39 316.48 489.28 633.65
TO5* Female 143.97 189.97 222.01 2.97 3.21 3.42 404.88 586.03 732.05
TO5* Male 114.57 155.86 181.31 3.05 3.29 3.52 325.95 487.69 610.03
T1* Female 151.82 195.94 229.14 3.25 3.67 3.91 466.23 685.78 857.78
T1* Male 122.07 165.20 197.57 3.11 3.43 3.63 356.63 540.88 690.42
T2* Female 151.96 204.35 246.19 3.26 3.58 3.81 470.98 703.23 905.98
T2* Male 124.52 161.85 189.69 3.14 3.45 3.67 364.54 527.75 658.49
SEM 3.26 3.83 4.80 0.03 0.03 0.04 10.89 13.99 18.14
P Values
T 0.231 0.589 0.632 0.008 0.001 0.002 0.046 0.041 0.046
Sex 0.001 0.001 0.001 0.118 0.216 0.329 0.001 0.001 0.001
T*sex 0.701 0.707 0.646 0.368 0.400 0.303 0.754 0.628 0.541

BW28, BW35, BW42 = Body weight at 28, 35, and 42 days of age (g); FCR28, FCR35, FCR42 = Feed conversion ratio at 28, 35, and
42 days; FI28, FI35, FI42 = Feed intake at 28, 35, and 42 days (g); C = Control group; T = Treatment; TO5 = 0.5% malt supplementation;
T1 = 1% malt supplementation; T2 = 2% malt supplementation; SEM = Standard error of the mean.a,b: Treatment means within the
same column with different superscripts differ significantly (P < 0.05).
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Table 3. Effects of malt supplementation via drinking water on carcass traits and abdominal fat

Carcass Breast Leg Wing Neck-Back Abdominal Fat

C 140.07 55.73 32.57 12.32 40.43 1.35
TO5 143.92 57.45 34.21 12.25 37.41 1.33
T1 148.94 57.87 32.90 11.82 45.18 1.61
T2 157.86 63.64 34.45 13.26 43.47 1.88
Female 159.29 62.03 37.28 13.55 44.67 1.62
Male 136.10 55.32 29.78 11.28 38.58 1.46
C* Female 145.86 57.39 35.61 12.84 42.23 1.44
C* Male 134.27 54.08 29.53 11.80 38.63 1.26
TO5* Female 154.77 60.87 36.31 12.99 41.20 1.56
TO5* Male 133.07 54.04 32.10 11.50 33.62 1.09
T1* Female 158.75 58.62 36.53 13.21 48.93 1.88
T1* Male 139.13 57.13 29.27 10.43 41.42 1.34
T2* Female 177.78 71.25 40.66 15.15 46.30 1.60
T2* Male 137.94 56.03 28.23 11.38 40.65 2.15
SEM 3.67 1.67 0.99 0.34 1.15 0.08
P Values

T 0.395 0.422 0.883 0.521 0.082 0.102
Sex 0.002 0.049 0.001 0.001 0.010 0.348
T*sex 0.616 0.504 0.552 0.515 0.914 0.118

Carcass = Cold carcass weight (g); Breast, Leg, Wing, Neck-Back = Carcass part weights (g); Abdominal Fat = Abdominal fat weight
(g); C = Control group; T = Treatment; TO5 = 0.5% malt supplementation; T1 = 1% malt supplementation; T2 = 2% malt
supplementation; SEM = Standard error of the mean.

Table 4. Effects of malt supplementation via drinking water on time budget of performance-related and social behavioural activities

. L . . . . Wing .

Feeding Drinking Walking Standing Scratching Preening Stretching Resting
C 8.80 2.42b 13.31 31.14 241 11.11 0.66 27.91
TOS 8.67 2.76b 13.65 29.92 3.29 11.04 0.84 27.42
T1 10.01 4.03a 14.49 27.31 2.92 10.59 0.67 27.65
T2 10.65 3.72a 13.88 28.36 2.86 10.32 0.75 26.93
Female 9.39 3.26 13.64 28.25 3.00 10.88 0.69 28.55
Male 9.68 3.20 14.03 30.12 2.73 10.65 0.77 26.41
C* Female 9.36 2.04 13.02 30.22 291 10.40 0.62 29.10
C* Male 8.24 2.80 13.60 32.06 191 11.83 0.69 26.73
TO5* Female 8.50 2.99 12.11 29.97 3.61 11.57 0.92 28.08
TO5* Male 8.85 2.53 15.19 29.87 2.96 10.51 0.77 26.75
T1* Female 9.48 4.28 13.17 27.00 2.78 11.02 0.55 29.37
T1* Male 10.55 3.78 15.82 27.62 3.05 10.17 0.79 25.94
T2* Female 10.22 3.75 16.27 25.80 2.71 10.54 0.66 27.64
T2* Male 11.08 3.69 11.50 30.92 3.01 10.10 0.83 26.22
SEM 0.39 0.14 0.58 0.83 0.13 0.49 0.04 0.77
P Values
T 0.237 0.000 0.892 0.346 0.123 0.938 0.344 0.976
Sex 0.710 0.812 0.742 0.265 0.289 0.819 0.323 0.169
T*sex 0.738 0.320 0.096 0.726 0.169 0.797 0.347 0.953

Feeding = feeding behaviour (%), Drinking = drinking behaviour (%), Walking = locomotor activity (%), Standing = standing behaviour
(%), Scratching = scratching behaviour (%), Preening = preening behaviour (%), Wing stretching = wing stretching behaviour (%),
Resting = resting behaviour (%), C = control group, TO5 = 0.5% malt supplementation, T1 = 1% malt supplementation, T2 = 2% malt
supplementation, SEM = standard error of the mean. a,b: Means within the same column with different superscripts differ
significantly (P < 0.05).
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Table 5. Effects of malt supplementation via drinking water on time budget of aberrant behaviours

Feather Pecking Aggressive Pecking Jumping

C 1.006 0.940 0.287
TO5 0.921 1.095 0.396
T1 1.102 0.929 0.299
T2 1.182 1.037 0.308
Female 0.986 1.026 0.327
Male 1.119 0.974 0.318
C* Female 1.063 0.987 0.282
C* Male 0.948 0.893 0.292
T05* Female 0.696 1.144 0.409
T05* Male 1.146 1.045 0.383
T1* Female 1.108 0.923 0.339
T1* Male 1.095 0.936 0.260
T2* Female 1.079 1.051 0.278
T2* Male 1.285 1.023 0.337
SEM 0.054 0.055 0.018
P Values

T 0.376 0.665 0.157
Sex 0.222 0.643 0.799
T*sex 0.261 0.978 0.587

Feather pecking = feather pecking behaviour (%), Aggressive pecking = aggressive pecking behaviour (%), Jumping = jumping
behaviour (%), C = control group, TO5 = 0.5% malt supplementation, T1 = 1% malt supplementation, T2 = 2% malt supplementation,
SEM = standard error of the mean.



