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Abstract

An experiment was conducted to evaluate the effects of broiler breeder age on the growth performance, nutrient metabo-
lism, and intestinal histomorphometry of the progeny during early life. A total of 180 one-day-old Cobb 500® chicks, with
an average initial body weight of 45.82+£2.21 g, were assigned to a completely randomized design with three treatments,
six replicates, and 10 birds per replicate. The treatments consisted of chicks derived from broiler breeders aged 39, 51,
and 69 weeks. Productive performance, gastrointestinal tract histomorphometry, and nutrient metabolism were evaluated.
Chicks originating from older breeders (69 weeks) presented superior growth performance, whereas those from younger
breeders (39 weeks) presented greater nutrient metabolism. With respect to intestinal morphology, progeny from older
breeders presented more developed intestinal structures at 1 and 21 days of age, whereas at 7 days of age, chicks from
younger breeders presented more pronounced intestinal morphometric characteristics. Broiler breeder age influences the
early performance, intestinal development, and nutrient metabolism of progeny. Older breeders favor early growth and
intestinal maturation, whereas younger breeders enhance protein metabolism, highlighting the relevance of breeder age in
early broiler management. These findings provide integrated evidence linking breeder age to growth performance, intes-
tinal development, and nutrient metabolism during early life.
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Introduction increasing production and commercialization of meat and

related products. Advances in genetic selection, animal

The global population has grown exponentially in recent
decades, resulting in increased demand for animal-derived
foods. In this context, broiler chickens have become one of
the main sources of high-quality protein, providing essen-
tial nutrients while being produced efficiently within a
short production cycle and at a relatively low cost (Mottet
and Tempio 2017). According to Borges et al. (2021), the
poultry industry has experienced continuous growth, with
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welfare, housing and environmental management, nutri-
tion, and the development of new technologies have been
decisive factors for the consolidation of broiler production
systems (Brasso et al. 2025).

To ensure the competitiveness and sustainability of this
sector, proper evaluation of broiler breeder production is
essential (Ramukhithi et al. 2023). The industrial produc-
tion of day-old chicks represents a strategic segment within
the poultry industry and plays a critical role in the success
of the production chain. Egg incubation, which transforms
fertile eggs into day-old chicks, marks the beginning of the
broiler production cycle, and breeder age is one of the main
factors affecting hatchery productivity (Tona et al. 2022).
Currently, the increasing demand for day-old chicks has led
to extended breeder flock cycles, resulting in a greater pro-
portion of eggs produced by older breeders (Mesele 2023).
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Genetic improvement programs have therefore focused
on increasing laying persistency, which may directly affect
the quality of hatching eggs and day-old chicks, ultimately
influencing broiler performance throughout the production
cycle (Molenaar et al. 2023). Broiler production at all opera-
tional levels depends fundamentally on a consistent supply
of high-quality day-old chicks (Kdseman et al. 2020).

Artificial incubation enables the efficient production of
large numbers of chicks, and the incubation period accounts
for approximately 30% of the total broiler production cycle
(Gongalves et al. 2013). The quality of chicks delivered to
farms is a key determinant of productive success, as perfor-
mance parameters and intestinal histomorphometric devel-
opment are closely associated with feed efficiency (Rysman
et al. 2023). Therefore, factors that influence chick quality
during embryonic development, such as breeder age, may
have important consequences for early growth and physi-
ological development.

Intestinal development during the early life of broiler
chickens plays a crucial role in determining nutrient diges-
tion and absorption capacity. According to Uni et al. (1996),
the intestinal morphology of chicks markedly changes
between 4 and 21 days of age, characterized by increases
in villus volume and crypt depth, which reflect increased
absorptive capacity. Subsequent studies confirmed that
posthatch epithelial development varies among intestinal
segments, with the duodenum showing rapid villus devel-
opment by 7 days of age, whereas the number of villi in
the jejunum and ileum continues to increase until approxi-
mately 14 days post-hatch (Uni et al. 1998).

Birds with greater absorptive capacity, associated with
increased villus height and density, generally show improved
feed efficiency. Maiorka et al. (2016) reported that embryos
derived from older breeders presented significantly taller
villi in the duodenum, jejunum, and ileum; however, the vil-
lus density was greater in embryos from younger breeders.
Similarly, Fernandes et al. (2014) reported that chicks from
younger breeders exhibit deeper intestinal crypts than those
from older breeders, which may directly affect nutrient uti-
lization. These findings indicate that breeder age may influ-
ence intestinal morphology and nutrient utilization during
early life.

Although previous studies have demonstrated that
breeder age influences chick weight and early performance,
limited information is available regarding the combined
effects of breeder age on intestinal histomorphometry and
nutrient metabolism during early broiler development.
Understanding these physiological responses is essential
for optimizing early nutrition and management strategies in
commercial broiler production systems. However, studies
that integrate growth performance, intestinal histomorphom-
etry, and nutrient metabolism within a single experimental
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framework, especially under real-world production condi-
tions, remain scarce.

We hypothesize that breeder age differentially affects
intestinal morphology, nutrient metabolism, and growth
performance of broiler chickens during the early growth
phase. Therefore, the objective of this study was to evaluate
the effects of broiler breeder age on nutrient metabolism,
growth performance, and intestinal histomorphometry in
broiler chickens.

Materials and methods

The experiment was conducted at the Experimental Poul-
try Facility of the Department of Animal Science, School of
Veterinary and Animal Science, Federal University of Goias
(UFG), Goiania, Goids, Brazil. All experimental procedures
were approved by the Ethics Committee on the Use of Ani-
mals (CEUA/UFG) under protocol no. 076/18.

A total of 180 one-day-old Cobb 500® broiler chicks,
with an average initial body weight of 45.82+2.21 g, were
used in the performance trial. In addition, two extra chicks
from the same breeder flocks were used exclusively for
intestinal histomorphometric analysis at day 1 and were not
included in the experimental units.

After the initial sampling at day 1, birds were allocated to
a completely randomized design with three treatments, six
replicates, and 10 birds per replicate. Birds were sexed at
placement using the feathering method, and each replicate
was initially composed of five males and five females.

The treatments were defined according to the age of the
broiler breeders from which the chicks originated: 39, 51,
and 69 weeks. The experimental period lasted 25 days and
was divided into two performance phases (1-7 and 8-21
days), followed by a metabolizability assay (21-25 days).

The birds were reared on floor pens (2.10 x 2.50 m), total-
ing 18 experimental units, equipped with pendulum drinkers
and feeders, and littered with rice husks. Pens were located
inside a masonry poultry house with clay tile roofing, con-
crete floors, wire-mesh sidewalls, a negative ventilation
system, infrared heating lamps, and misting devices. Feed
and water were provided ad libitum throughout the experi-
mental period. The environmental temperature and relative
humidity were monitored daily, and continuous lighting was
provided via infrared lamps.

All birds received the same basal diet based on corn and
soybean meal, supplemented with crystalline amino acids
and vitamin—mineral premixes, formulated to meet the
nutritional requirements of Cobb 500® broilers according
to Rostagno et al. (2017). The diet compositions and calcu-
lated nutrient levels for the prestarter and starter phases are
presented in Table 1.
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Table 1 Ingredient composition and calculated nutrient levels of the
experimental diets

Ingredient composition (%) Phases

1-7 days 8-21 days
Comn 54.491 56.381
Soybean meal 37.018 34.854
Dicalcium phosphate 1.907 1.682
Soybean oil 1.473 2.234
Limestone 0.907 0.829
Salt 0.442 0.428
L-Lysine 1.545 1.475
DL-Methionine 0.806 0.761
Premix' 0.400 0.400
TOTAL 100.000 100.000
Nutrients composition
Metabolizable energy (kcal/kg) 2.975 3.050
Crude protein (%) 24.27 23.31
Calcium (%) 0.971 0.878
Available phosphorus (%) 0.463 0.419
Sodium (%) 0.225 0.218
Digestible lysine (%) 1.307 1.256
Digestible Met+Cys (%) 0.967 0.929
Digestible threonine (%) 0.863 0.829
Digestible tryptophan (%) 0.235 0.226

'Vitamin—mineral premix: guaranteed levels per kilogram of prod-
uct: vitamin A, 1,750,000 IU; vitamin Ds, 500,000 IU; vitamin E,
3,000 IU; vitamin Ks, 375 mg; vitamin Bi, 400 mg; vitamin B,
1,250 mg; vitamin Bs, 750 mg; vitamin Bi2, 2,500 pg; folic acid,
250 mg; pantothenic acid, 3,250 mg; niacin, 8,000 mg; biotin, 2.5 mg;
choline, 80 g; iron, 10 g; copper, 2,500 mg; manganese, 20 g; zinc,
18 g; iodine, 250 mg; selenium, 75 mg; bacitracin, 13.75 g; sodium
salinomycin, 16.5 g

At 7 and 21 days of age, growth performance param-
eters, including feed intake (g), body weight (g), weight
gain (g), and feed conversion ratio (kg/kg), were evalu-
ated. Feed intake was calculated as the difference between
the feed offered and the feed refused for each experimen-
tal unit. Body weight was determined by dividing the total
pen weight by the number of birds in each unit. Weight gain
was calculated as the difference between the final and initial
body weights. Feed conversion ratio (FCR) was calculated
as the ratio of feed intake to body weight gain and adjusted
according to the number of birds present in each experimen-
tal unit over time, considering the planned removal of birds
at 7 and 21 days of age. Performance from 1 to 7 days was
calculated based on the initial number of birds, whereas per-
formance from 8 to 21 days considered the reduced number
of birds after sampling.

For intestinal histomorphometric analysis, sampling at
day 1 was performed using additional birds that were not
part of the experimental units. At 7 and 21 days of age, two
birds per replicate were randomly selected from each exper-
imental unit, ensuring that selected birds had body weights
within +£10% of the average weight of the respective

experimental unit. Thus, the number of birds per replicate
was reduced from 10 to 8 (at day 7) and from 8 to 6 birds
(at day 21). This reduction in bird number per replicate was
inherent to the sampling procedure and occurred uniformly
across all treatments. Performance variables were calcu-
lated considering the actual number of birds present in each
experimental unit at each evaluation period.

The birds were fasted for six hours, weighed, and eutha-
nized by cervical dislocation. Samples of the duodenum,
jejunum, and ileum were collected, and 5-cm segments
from each portion were excised for analysis of villus height,
crypt depth, and the villus-to-crypt ratio.

The samples were longitudinally opened, fixed on poly-
styrene boards, and immersed in 10% buffered formalin for
24 h. Subsequently, the samples were stored in 70% ethanol
and sent to the Histopathology Laboratory of the Depart-
ment of Veterinary Medicine for slide preparation. Histo-
logical processing followed the methodology described by
Luna (1968), and the sections were stained with hematoxy-
lin and eosin (H&E). Images were obtained at 5% magnifica-
tion using a Leica DM 4000B optical microscope coupled to
a computer. Morphometric measurements were performed
via ImagelJ software. Villus height was measured from the
upper base of the crypt to the villus tip, the crypt depth from
the lower base to the upper base of the crypt, and the villus-
to-crypt ratio was calculated accordingly.

After the performance phase (1 to 21 days), the remaining
six birds per replicate were used in the metabolizability trial,
totaling 108 Cobb 500" broilers (54 males and 54 females)
at 21 days of age, with an average initial body weight of
645.58+42.23 g. Birds were distributed in a completely ran-
domized design with three treatments, six replicates, and six
birds per replicate, according to broiler breeder age (39, 51,
and 69 weeks).

The birds were housed in 18 galvanized steel metabolic
cages (0.40x0.50 m) equipped with trough feeders, drink-
ers, and excreta collection trays lined with plastic sheets.
The metabolizability assay was conducted from 21 to 25
days of age using the total excreta collection method, as
described by Sakomura and Rostagno (2016). Excreta were
collected twice daily, placed in identified plastic bags, and
stored at —20 °C.

The samples were pre-dried in a forced-air oven at
55+5 °C, ground in a Wiley mill, and analyzed accord-
ing to Silva and Queiroz (2002). Nutrient metabolizability
coefficients were calculated following classical procedures
(Matterson et al. 1965; Batal and Parsons 2002; Noy and
Sklan 2002). Nitrogen balance was calculated as the differ-
ence between nitrogen intake and nitrogen excretion, based
on feed intake and total excreta collection, as described
by Sakomura and Rostagno (2016). Metabolizability

@ Springer



256 Page4of8

Tropical Animal Health and Production (2026) 58:256

coefficients were expressed as the percentage of retained
nutrients and energy relative to intake.

Statistical analysis

Data were initially evaluated for normality of residuals via
the Shapiro—Wilk test and homogeneity of variances via
Levene’s test. After the assumptions were met, the data
were subjected to analysis of variance (ANOVA). When
significant effects were detected, the means were compared
via Tukey’s test at a significance level of a=0.05. Statisti-
cal analyses were performed via R software (R Core Team
2021). The statistical model adopted was as follows:

Yij=p+ A +¢e45

where Yj; is the observed value of the dependent variable,
p is the overall mean, A; is the fixed effect of breeder age
(1=39, 51, and 69 weeks), and & is the random error associ-
ated with the observation.

Results

Broiler breeder age significantly affected broiler perfor-
mance from 1 to 7 days of age (P£<0.05). Chicks derived
from younger breeders (39 weeks) presented lower final
body weights and lower feed intakes, whereas chicks from
older breeders (69 weeks) presented higher final body
weights and higher feed intakes. The variables of the birds
from breeders aged 51 weeks did not differ from those of
the other treatments. No significant effects of breeder age

Table 2 Growth performance (final body weight, weight gain, feed
intake, and feed conversion ratio) of broilers from breeders of different
ages from | to 7 and 1 to 21 days of age

Breeder age (weeks) FBW (g) WG (g) Fl(g) FCR (kg/kg)
1-7 days of age

39 133.1b 922 116.8b  1.301
51 146.7ab  100.5 128.0ab 1.276
69 149.5a 101.6 133.2a 1313
P value 0.019 0.096  0.022 0.647
SEM 3.786 3.838 3.521 0.028
CV (%) 6.12 9.23 6.81 5.43
1-21 days of age

39 631.4 495.7 588.0 1.689
51 643.0 496.3 596.9 1.631
69 662.4 512.9 614.5 1.658
P-value 0.465 0.805 0.557 0.764
SEM 17.443 19.378 17.283  0.056
CV (%) 6.62 12.14  7.06 8.27

Means followed by different letters within a column differ by Tukey’s
test (P<0.05). SEM=standard error of the mean; CV =coefficient of
variation. n =06 replicates per treatment (10 birds per replicate)
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were detected for the remaining performance variables or
for the cumulative period from 1 to 21 days of age (P>0.05)
(Table 2). No mortality was observed during the experimen-
tal period.

Breeder age significantly influenced the intestinal his-
tomorphometry of one-day-old chicks (P<0.05). Progeny
from older breeders (69 weeks) presented greater villus
height in all segments of the gastrointestinal tract. How-
ever, in the duodenum, these values were similar to those
observed in chicks from 51-week-old breeders, whereas
in the ileum, they were similar to those from 39-week-old
breeders. Crypt depth in the duodenum was greater in chicks
from 39-week-old breeders than in those from 69-week-old
breeders. In the jejunum, chicks from older breeders pre-
sented greater crypt depth, whereas no effect of breeder age
was observed in the ileum. The villus height—crypt depth
ratio was greater in chicks from older breeders across all
intestinal segments, although similar values were observed
between chicks from 39- and 69-week-old breeders in the
ileum (Table 3).

At seven days of age, breeder age continued to affect
intestinal histomorphometry (P<0.05). Chicks from
51-week-old breeders presented greater villus height in the
duodenum, whereas those from 69-week-old breeders pre-
sented the lowest values. No differences in jejunal villus
height were detected among the treatments. In the ileum,
chicks from 39- and 69-week-old breeders presented greater
villus height. Crypt depth in the duodenum was not affected
by breeder age; however, deeper crypts were observed in
the jejunum and ileum of chicks from 39- and 51-week-
old breeders. The VH-to-crypt depth ratio did not differ in
the duodenum but was greater in the jejunum and ileum
of chicks from older breeders, with intermediate values
observed in chicks from 51-week-old breeders (Table 3).

At 21 days of age, breeder age significantly affected
intestinal morphology (P<0.05). Chicks from 69-week-old
breeders presented greater villus height in all intestinal seg-
ments. In the duodenum, chicks from 51-week-old breeders
presented the lowest villus height, followed by those from
39-week-old breeders. In the jejunum, chicks from 51- and
69-week-old breeders presented similar villus heights, both
of which were greater than those of younger breeders. In the
ileum, the villus height was lower in chicks from 39- and
51-week-old breeders. Crypt depth was not affected in the
duodenum or ileum; however, in the jejunum, chicks from
39-week-old breeders presented deeper crypts. The VH-to-
crypt depth ratio was greater in the duodenum and ileum of
chicks from older breeders than in the jejunum of chicks
from 51- and 69-week-old breeders (Table 3).

Breeder age also influenced nutrient metabolism
(P<0.05). Chicks from younger breeders (39 weeks) pre-
sented a greater coefficient of crude protein metabolism. For
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Table 3 Villus height, crypt depth, and villus-to-crypt ratio in the duodenum, jejunum, and ileum of broiler chickens at one, 7 and 21 days of age
from breeders of different ages

Variables Breeder age (weeks) P-value SEM (6\%
39 51 69

one-day-old

Duodenum Villus height (pm) 517.5b 5728 a 573.0a 0.012 14.812 13.36
Crypt depth (um) 609.2 a 570.0 ab 505.8b 0.002 1.993 17.74
Villus-to-crypt ratio 8.7b 10.3 ab 12.0a <0.001 0.547 26.50

Jejunum Villus height (pm) 361.5b 350.7b 609.5 a <0.001 21.039 23.88
Crypt depth (um) 502.3b 48340 5833 a 0.001 1.976 18.89
Villus-to-crypt ratio 740 7.6b 10.6 a <0.001 0.495 28.93

Ileum Villus height (pm) 340.7 a 249.6b 3255a <0.001 10.187 16.69
Crypt depth (um) 609.1 607.2 558.7 0.351 2.770 23.41
Villus-to-crypt ratio 6.1a 420 6.0a <0.001 0.331 30.63

7-day-old

Duodenum Villus height (um) 823.1 ab 895.5a 753.8b <0.001 24.118 14.63
Crypt depth (um) 159.9 171.2 167.6 0.286 5.117 15.39
Villus-to-crypt ratio 5.3 53 4.7 0.089 0.240 23.57

Jejunum Villus height (um) 785.0 825.8 769.8 0.148 20.710 13.05
Crypt depth (um) 190.1a 1772 a 146.4b <0.001 5.935 17.33
Villus-to-crypt ratio 42D 4.8 ab 54a <0.001 0.198 20.68

Ileum Villus height (pm) 501.8a 297.1b 463.0 a <0.001 18.508 22.00
Crypt depth (um) 138.0a 127.5a 111.2b <0.001 3.246 12.93
Villus-to-crypt ratio 3.7b 24c¢ 42a <0.001 0.163 23.72

21-day-old

Duodenum Villus height (pm) 1202.5b 1068.3 ¢ 1459.7 a <0.001 35.270 14.18
Crypt depth (um) 247.1 232.7 233.9 0.168 5.905 12.41
Villus-to-crypt ratio 490 4.6b 6.4a <0.001 0.216 20.35

Jejunum Villus height (um) 7272b 12033 a 1274.1 a <0.001 44.550 20.85
Crypt depth (um) 2392 a 206.1b 229.1 ab 0.016 8.115 18.05
Villus-to-crypt ratio 3.1b 59a 57a <0.001 0.205 20.95

Ileum Villus height (um) 936.4b 9319b 13512 a <0.001 31.138 14.51
Crypt depth (um) 225.3 211.4 203.5 0.238 9.160 21.46
Villus-to-crypt ratio 44b 45b 6.8a <0.001 0.222 21.32

Means followed by different letters within a row differ by Tukey’s test (P<0.05). SEM — Standard error of the mean; CV — Coefficient of varia-

tion

n=6 replicates per treatment; two birds per replicate were sampled for histomorphometric analysis

mineral matter metabolism, chicks from 39- and 69-week-
old breeders presented higher coefficients than did those
from 51-week-old breeders (Table 4).

Discussion

Broiler breeder age markedly influenced the early growth
performance and intestinal development of the progeny,
particularly during the first week of life. The lower body
weight and feed intake observed in chicks from younger
breeders during this period are attributed mainly to reduced
hatch weight and less advanced gastrointestinal tract devel-
opment, which limit physical feed intake capacity and delay
early growth (Maiorka 2002). In contrast, chicks from older
breeders, which originate from heavier eggs, generally pres-
ent greater nutrient demands and feed intake to support

accelerated growth, as energy and protein requirements
increase with body weight (Meurer et al. 2008).

These results are consistent with previous studies report-
ing inferior early performance in chicks derived from
younger breeders and superior initial growth in progeny
from older breeders (El-Sabry et al. 2015; Castro et al.
2020). However, the absence of performance differences up
to 21 days of age suggests the occurrence of compensatory
growth, whereby chicks from younger breeders overcome
initial disadvantages owing to the high growth potential
characteristic of the starter phase (Tona et al. 2004; Meurer
et al. 2008).

The superior intestinal development observed in prog-
eny from older breeders across the evaluated ages indicates
enhanced absorptive capacity, as evidenced by greater vil-
lus height and a greater VH-to-crypt depth ratio. Intestinal
maturation is strongly influenced by nutrient availability

@ Springer
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Table 4 Metabolizability coefficients and nitrogen balance of broilers from breeders of different ages determined by total excreta collection

Breeder age (weeks) Dry matter metabolizabil- Crude protein metaboliz-  Ether extract metaboliz-  Ash metabolizability =~ Nitro-
ity (%) ability (%) ability (%) (%) gen
balance
(@
39 76.42 59.45a 80.87 3895a 38.55
51 76.35 53.25b 83.80 25.85b 31.87
69 74.17 53.37b 82.52 36.25a 35.05
P-value 0.061 0.019 0.073 <0.001 0.251
SEM 0.648 1.407 0.778 1.663 2.626
CV(%) 1.71 5.08 1.89 9.88 14.94

Means followed by different letters within a column differ by Tukey’s test (P<0.05). SEM =standard error of the mean; CV =coefficient of varia-

tion. n=06 replicates per treatment (6 birds per replicate)

during embryogenesis, particularly lipids from the yolk
and proteins from the albumen, which are present in greater
amounts in eggs laid by older breeders (Uni et al. 1996;
Gongalves et al. 2013). Studies have shown that embryos
and chicks from older breeders exhibit more advanced
intestinal mucosal development, including longer villi and
deeper crypts, from late incubation through early posthatch-
ing, favoring nutrient digestion and absorption (Maiorka et
al. 2016; Cardeal et al. 2022).

From a physiological perspective, increased villus height
combined with moderate crypt depth reflects a more mature
intestinal epithelium with improved absorptive efficiency
and controlled epithelial turnover (Uni et al. 1998; Kuzmuk
etal. 2005). This morphological pattern represents metabolic
adaptation to increased nutrient uptake and is directly asso-
ciated with improved early growth performance (Gomes et
al. 2007). The present findings corroborate previous reports
demonstrating enhanced intestinal development in chicks
derived from older breeders (Maiorka et al. 2000; Agostinho
et al. 2012; Leandro et al. 2017; Machado et al. 2020).

Despite the superior intestinal morphology observed in
chicks from older breeders, higher crude protein metabo-
lism was detected in progeny from younger breeders. This
response may be associated with deeper intestinal crypts,
indicative of increased epithelial renewal, which can
enhance the digestion and absorption of specific nutrients
during early life (Fernandes et al. 2014). Nevertheless, the
metabolizability coefficients observed in this study were
lower than those typically reported for commercial broiler
systems, possibly reflecting differences in management con-
ditions and physiological maturity (Luegas et al. 2015; Fer-
nandes et al. 2015; Borsatti et al. 2016).

Additionally, the absence of vaccination in the present
study may have influenced nutrient utilization. Immune sys-
tem development begins during embryogenesis and plays
a crucial role in posthatch performance. Insufficient mater-
nal immune protection may increase competition between
the intestinal microbiota and the host for nutrients, thereby
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negatively affecting performance and metabolism (Baurhoo
et al. 2009).

Overall, the results indicate that older breeders have
advantages in terms of early intestinal development and
initial performance, likely due to improved egg nutrient
composition and more advanced embryonic gastrointesti-
nal maturation. Conversely, chicks from younger breeders
appear to rely on compensatory mechanisms, particularly
protein metabolism, to support growth during early life.

Conclusions

Broiler breeder age significantly influences early intestinal
development and nutrient utilization in broiler chickens.
Progeny from older breeders showed more advanced intesti-
nal morphology and greater villus development, which may
contribute to improved absorptive capacity during early life.
Conversely, chicks from younger breeders presented greater
crude protein metabolizability, suggesting differences in
digestive efficiency associated with intestinal epithelial
turnover. These findings highlight the importance of con-
sidering breeder age when establishing early nutritional and
management strategies in broiler production systems.
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