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ABSTRACT

The aim of this study was to follow-up the physiological variations in
the development of the bone tissue, associating them with the egg
production curve. This study was carried out in the facilities of the
Faculdade de Medicina Veterindria e Zootecnia of the UNESP, Botucatu,
Brazil. Twenty-three families of Ross broiler breeders were used, each
family consisting of 13 females and 1 male, distributed in 23 pens of
5.0m2 each. The management was that recommended by the genetic
company manual (Agroceres Ross, 2003), with daily feeding until 6™
week of age; and birds were fed according to a 5:2 schedule (5 days
fed, 2 days of fasting) between 7 and 17 weeks of age, returning to
daily feeding starting at 18 weeks of age. Birds did not receive afternoon
calcium supplementation. On the fourth week of rearing, 84 females
were removed for bone analyses of the right tibia and femur, using
optical densitometry in radiographic images technique. These analyses
were sequentially carried outin 4, 8, 12, 15, 20, 24, 30, 35, 42, 47, and
52 week-old birds. The egg production curve of the birds was followed-
up and associated to bone mineral density results. For bone mineral
density evaluation (BMD) birds were divided by weight categories as
light, intermediate, or heavy within each data age. BMD values of the
tibias were not influenced by weight range, but by the age at collection.
On the other hand, interactions were found among femur BMD values
and weight and age categories. There was no correlation between
eggshell quality and femur BMD. A negative correlation (-0.15) was
observed between tibia BMD and eggshell percentage. It was possible
to conclude that the egg production has little influence on bone mineral
density of the birds probably because there was no need of bone mineral
mobilization during the production period, since the observed egg
production was below that observed under commercial conditions.

INTRODUCTION

Brazilian poultry industry has grown faster than other sector of the
economy, presenting significant advances both in genetics and nutrition
with consequent better production (Nicolau, 1996). In this context, broiler
breeder production is paramount, as its objective is to produce high quality
hatchable eggs at increasingly lower costs. Therefore, adequate nutrition
is essential to allow birds to express their full genetic potential. Nutritional
requirements of most nutrients are based on production responses, but, in
some cases, health is the main criterion. A vitamin- and mineral-deficient
feed may cause characteristic lesions, although the first symptoms of
deficiency of these nutrients are also accompanied by a decrease in
production parameters (Calderén, 1994; Hudson et a/,, 2000).

Breeder broiler calcium requirement is very high, particularly during
the period of active eggshell formation. Calcium used for eggshell
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formation derives directly from the duodenum and
jejunum, and indirectly from medullar bone through a
bone resorption process (Kienholz et al., 1961,
Landauer, 1967; Wilson et a/, 1980; Wilson, 1983;
Luquetti et a/, 2002; Julian, 2005). The proportion of
calcium derived from these two sources varies
according to the period of the day. During the night,
when dietary calcium sources are not available, birds
mobilize calcium from the bones, whereas during the
day, most calcium comes from the diet. It is known
that the higher the contribution of bone calcium for
eggshell formation, the worst is eggshell quality.

Medullar bone undergoes through periods of bone
deposition and bone resorption. Bone resorption can
be minimized when larger particles are fed, such as
oyster meal, because these are digested more slowly
during the night, extending calcium supply directly from
the gastrointestinal tract. According to Julian (2005),
the use of calcium in large particles (larger than
0.75mm) is good to maintain eggshell quality, as these
particles are stored in the gizzards, ensuring the
presence of calcium in the digestive tract during
eggshell formation.

However, the supplementation of calcium during
the afternoon is controversial. Some authors carried
out studies using different particle sizes, forms, and
times of calcium particle availability. In some cases, no
improvement in eggshell specific weight and resistance,
or in hatchability and chick viability were observed (Reis
et al, 1995; Novo et al, 1997; Zhang & Coon, 1997;
Maggioni, 1998).

Phosphorus also has an important role in the normal
bone system development of broiler breeders and of
embryos, as well as in egg hatchability (Harms et a/,
1964; Julian, 2005). Singsen et a/. (1962) suggested
that 0.4% available phosphorus is required for
maximum hatchability of birds housed in cages. Later,
Wilson et a/. (1980) determined that broiler breeders
required 0.31% phosphorus for normal hatchability.
Current recommendations are of 0.35 - 0.45%
available phosphorus, depending on the rearing stage
of broiler breeders (Agroceres Ross, 2003). Excessive
phosphorus consumption, resulting from a combination
of dietary phosphorus and other sources, may cause
poor eggshell quality, and indirectly worse hatchability
(Wilson et a/., 1980).

Eggshell quality can be estimated by specific gravity
and its relationship with shell porosity, as there is a
positive correlation between eggshell quality and
eggshell thickness, and a negative correlation with the
concentration of pores (Peebles & Brake, 1987).
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Therefore, specific weight is an easy method to assess
eggshell thickness, and it is widely used to determine
its relation with hatchability in broiler breeders.

As the laying period progresses, egg weight
increases, eggshell becomes thinner, and internal
quality worsens. There is also a high incidence of eggs
with no shell. At a determined moment, the hen stops
laying eggs. Eggshell quality decreases as egg
production is reduced. These changes are associated
with an increase in egg size and with a lower intestinal
absorption of minerals by the birds (Leeson & Summers,
2000; Luquetti et al,, 2002). Therefore, the bone system
is used to supply the mineral needs of the body,
ensuring the balance between calcium and phosphorus
absorption and requirements.

Bone tissue resistance results from calcium and
phosphorus deposition as hydroxyapatite during the
process of bone mineralization (Field, 1999; Bruno,
2002).

In the present study, it was possible to better
understand broiler breeder development during growth,
development, and production stages with the aid of
bone densitometry and other analysis. This study aimed
at establishing a relation between bone density, egg
production, and eggshell quality, taking into account
broiler breeders development stages.

MATERIAL AND METHODS

This study used 280 Ross 308 females and 40 Ross
308 males. Birds were housed in the experimental
facilities of Faculdade de Medicina Veterinaria e
Zootecnia of UNESP-Botucatu, from August 2003 until
August 2004, in a masonry house divided in 24 pens of
5m2 each, with an average density of 2.6 birds/m2in a
at an average density of 2.6 birds/m2. The house was
darkened with a cover with a light retention capacity
of 80%, and special dark curtains (black-out curtains).
Starting on the 18" week of rearing, birds were
submitted to natural light, curtains remained opened
during the day, and the cover was removed.

During grower and developer periods, males were
kept in pens separate from females. On week 18, birds
were mated, and divided in 24 pens, with a density of
2.8 birds/m?, with a total number of 14 birds per pen.
Twenty-two pens were allocated to the experiment,
whereas the two remaining pens housed replacement
males.

Feed nutritional levels and rearing stages were
determined according to the genetic company manual
(Agroceres Ross, 2003) recommendations. Rearing was



Almeida Paz ICL, Mendes AA, Quinterio
RR, Vulcano LC, Takahashi SE, Garcia RG,
Komiyama CM, Balog A, Pelicia K,
Wescheler FS, Scudeller PSO, Piccinin A

divided in 6 stages: grower (0 to 5 weeks), developer |
(6 to 13 weeks), developer Il (14 to 19 weeks), pre-lay
(20 to 24 weeks), lay starter (25 to 45 weeks), lay
finisher (46 to 52 weeks), whereas cockerels were
offered a specially formulated feed.

Feeds were manufactured at the feed mill of FMVZ-
UNESP/Botucatu, in an automatic mixer with 500-kg
capacity. Feed preservative BHT was added at 100 g
BHT/1000 kg feed.

The genetic line manual recommendations were
adopted for feeding and weight control. Feed was
offered ad /ibitum on the first week, and controlled
thereafter. Birds were fed daily from 1 to 6 weeks,
and, from week 7 to week 17, a 5:2 feeding regime
was adopted 5 days feeding, and 2 days fasting) at
the beginning of he 7" week. Feed was again daily
offered daily starting on week 18. No afternoon
supplementation of calcium was offered, and calcium
particle size was the same as that offered to broilers.

Data were collected 11 times for evaluation of
optical density in radiographic images of broiler breeder
tibiae and femura in order to obtain bone mineral
density values. Data were collected on weeks 4, 8,
12,15, 20, 24, 30, 35,42,47, and 52, considering critical
rearing ages of physiological development and of egg
production.

On the forth rearing week, 84 females were
randomly designated to analysis groups. The same
individual birds were evaluated during the entire
experiment, and 5 birds were sacrificed per
radiographic collection. These birds were transported
to the Veterinary Hospital of FMVZ, where they were
submitted to x-ray examination using a portable
commercial x-ray apparatus, which was calibrated and
applied a focus-film distance of 63 cm. The 47kVp X
2mAs radiographic technique was applied to the samples
collected on weeks 4, 8, and 12 weeks, and this technique
was later changed to 47kVp X 4mAs for samples collected
on weeks 15, 20, 24, 30, 35, 42, 47, and 52.

All radiographic films were of the same brand, with
green background and 18x24 c¢m frames, equipped
with rare earth metal frames. A phantom aluminum
scale was placed in the central area of the frame, in
parallel and 3.0 cm distant from the studied region.
This scale was used as densitometric reference. The
phantom consists of 20 degrees, with the first degree
being 0.5 mm thick, followed by 0.5 mm variations up
to the 20™ degree. Each degree presented an area of
15 x 5 mm. Radiological procedures were commonly
used in clinical routines, and development and fix were
performed in a standard automatic processor.
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The region standardized for reading was the right
tibia proximal epiphysis and the right femur distal
epiphysis. Radiographic optical density readings (bone
mineral density) were carried out using the software
CROMOX® ATHENA 3.1, and all readings followed the
same pattern. Radiographs were scanned, and the
images were analyzed using a 10-mm high and a 35-
55-mm wide (depending on bone size) opening reading
window. Bone density readings of the tibiae used a 0°
axis, whereas the reading axis of the femura followed
the inclination of the bone diaphysis, which varies
between -27° and 32°, based on a horizontal axis with
0° inclination. Birds were submitted to fasting until the
end of each radiograph collections.

Individual weights of broiler breeders used for other
analyses were also utilized to follow up their growth
curve. Duly identified breeders were weighed in semi-
analytical scales, with 2-g precision, in the experimental
house. Birds were weighed on the same dates as those
of bone mineral density evaluation.

In order to follow up the production curve and to
associate it to bone development, five daily egg
collections were carried out. Weekly averages were
calculated, and egg production was expressed as
percentage. Eggs were submitted to specific weight
and eggshell percentage analysis using a method
adapted from Castelld et a/ (1989). Eggs for eggshell
quality analyses were collected using nest traps, which
allowed egg identification. Nest traps were placed two
days before and two days after collection of eggs for
radiographic image. All eggs laid by the breeders of
the studied group were analyzed, and therefore the
number of analyzed eggs per collection was different.
Eggs, duly identified, were submitted to specific gravity
and eggshell percentage analyses in order to establish
the relation between these measures and bone
development measures. The method suggested by
Castelld et a/. (1989) was used to mearure specific
gravity and eggshell percentage.

Data were submitted to analysis of variance for
repeated measures of the SAEG (1998) statistical
package. Egg quality curves were fitted using
regression equations. Correlations between these
characteristics and bone mineral density were analyzed
using the test of Pearson (Gomes, 1982) at 5%
significance level.

RESULTS AND DISCUSSION

Body weight data shows that females were about
10% lighter as compared to the weight recommended
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by the genetic line manual (Agroceres Ross, 2003), and
therefore, a growth curve was specially calculated for
this flock, following the curve trend, and avoiding
sudden weight increase, and production problems On
the other hand, males were heavier than the manual
recommendations, probably because birds were
housed in small pens, which allowed dominance of the
males that hence did not suffer the stress of hierarchy
establishment. Table 1 shows the average body weight
values of all birds included in the study, according to
week of age. Table 2 presents weekly egg production
values, expressed as percentage per weekly bird
number, and total number during the weeks.

It is important to stress here that the egg production
of the experimental birds (analyzed group) cannot be
compared to that of a commercial flock, as these
breeders were submitted to significant stress due to
transportation of 12 km to the Veterinary Hospital for
radiographic image collections. Another source of stress
was the visits of undergraduate student classes of the
School of Veterinary Medicine and Animal Science of
FMVZ-UNESP, campus de Botucatu. Despite
maintaining complete silence, they caused a drop in
egg production. Therefore, egg production of these
birds was much lower than the estimated egg
production of the genetic line manual (Agroceres Ross,
2003), in addition to starting lay later, on week 27
instead of on week 25. Egg production peak was also
lower and not persistent.

Only with the purpose of evaluating bone mineral
density results using the technique of optical
densitometry in radiographic images, birds were
divided into three weight classes: light (1), intermediate
(2), and heavy (3) within each collection age. The results
are presented in Table 3. as expected, age influenced
live weight. Weight increase as the bird aged, within
each weight range (p<0.05).

Bone Mineral Density of Tibae and Femura of Broiler
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Table 2 - Weekly egg production of broiler breeders.

Age Production Production Production genetic
(weeks) week (%) line standard (%)
27 1 0.43 43.00
28 2 4.20 71.00
29 3 9.70 80.00
30 4 19.98 83.50
31 5 29.33 84.50
32 6 39.54 83.0
33 7 47.74 83.50
34 8 45.29 82.50
35 9 60.74 81.00
36 10 71.26 80.00
37 11 66.05 78.50
38 12 68.86 77.00
39 13 58.96 76.00
40 14 56.63 75.00
41 15 45.36 74.00
42 16 43.46 73.00
43 17 37.73 72.00
44 18 31.24 71.00
45 19 30.86 70.00
46 20 42.55 69.00
47 21 51.94 68.00
48 22 49.27 67.00
49 23 47.13 66.00
50 24 46.29 65.00
51 25 4491 64.00
52 26 43.31 63.00

Bone mineral density (BMD) of the tibiae was not
affected by weight class, only by collection age. The
lowest values were found at four weeks of age, but
these were not statistically different from those found
up to 30 weeks of age, when the breeders started to
produce eggs (19.98%). Tibia BMD between 35 and
52 weeks of age were not significantly different,
despite a trend for higher values for the ages of 35
and 52 weeks. At 35 weeks of age, birds were entering
the period of peak of egg production (60.74%), which
may indicate an increase in calcium deposition in the
tibiae to supply the requirement for laying. On 52
weeks of age, production was 43.31%, possibly

Table 1. Average male and female weight.

Age Female average Male average Female standard Male standard
(weeks) weight (g) weight (g) generic line weight (g) generic line weight (g)

0 44 44 - -

4 754 587 -

8 1070 1196 790

12 1460 1520 1220

15 1595 1912 1540

20 1852 2460 2300 -

24 2657 3075 2950 3950

30 3168 3980 3450 4280

35 3391 4738 3540 4360

42 3395 5001 3620 4530

47 3573 5203 3650 4590

52 3578 5213 3730 4640
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indicating that breeders were depositing calcium in the
tibiae because production was declining.

BMD values found for broiler breeders are higher
as compared to broiler values. Tibia BMD values found
by Almeida Paz et a/. (2004) for broilers were between
1.46 and 1.77 mm Al. When studying tibia BMD of 53-
day-old broilers, Louzada (1997) found values between
1.77 and 1.96 mm Al. These values are consistent to
those found in 4 to 15-week-old female breeders.
However, in an experiment carried out by Oliveira et
al. (2005), bone density values found for 42-day-old
broilers tibiae were similar to those found in the present
study, ranging from 2.47 and 3.50 mm Al.

Weight class influenced only femur bone mineral
density (BMD), with an interaction (p<0.05) between
collection age, live weight, and BMD. Weight increased
as bird aged, but live weight did no influence BMD until
24 weeks of age (pre-laying period). After 30 weeks
of age, body weight affected BMD, with higher BMD
values observed with heavier weights. There was an
exception at 47 weeks of age, when weight class had
no effect on BMD values — at this age, there was a
sudden increase in egg production (from 42.55% in
the previous week to 51.94% during this week), when
a decrease in BMD level was also observed.

As previously mentioned, female weight in the
present study was lower than the average weight
recommended by the genetic company. Taking into
consideration that only the collection at 30 weeks of
age represents the laying period with a 19.98%
production rate, and that the light-weight breeders
were not producing eggs, it is possible that the increase
in femur BMD values at this age and weight class were
due to a higher calcium mobilization for eggshell
formation (Wilson et a/., 1980; Wilson, 1991). This may
be an indication of a possible reduction in BMD values

Bone Mineral Density of Tibae and Femura of Broiler
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on week 47, when egg production increased 9.34%
in a single week.

Graphs 1 and 2 show the behavior of tibia and femur
BMD values according to collection ages. These value
followed a linear trend, both for tibae and femura. It is
possible to observe that tibia BMD values changed less
as compared to femur DMO. This may indicate that
femura deposit more minerals, and make them more
easily available if needed. According to Julian (2005),
the femur of layers is the main bone responsible for
calcium supply for eggshell formation when dietary
calcium is not available. The author observed that the
femura of calcium-deficient layers are fragile, porous,
and have thin walls.

Table 4 shows results of eggshell quality traits during
the production period, egg weight increased as bird
aged, but these differences were marked only
between the first two weeks and the other weeks.
Eggshell percentage had a similar behavior as that
observed for egg weight, with a gradual increase in
these values as a function of collection age. Similar results
were found by Luquetti et a/. (2002), when studying the
effect of breeder age on eggshell quality. In the study of
Pedroso et al (2005), an increase in egg weight and in
eggshell percentage as the breeder aged was also found;
however, eggshell percentage values were much lower
than those found in the present study, ranging from 5.88
t0 6.30%. In an experiment on the influence of breeder
age on egg quality, Ferreira et a/. (2005) also found
increase in egg weight, but lower eggshell percentage
as breeder aged. These authors found eggshell
percentages ranging between 8.85 and 9.22%, which
were similar to those found in the present study. Brito et
al. (2004) also observed a 9.40-9.48% range in eggshell
percentage in an experiment testing different feeds
for commercial layers.

Table 3 - Weight gain (g) and bone mineral density (milimeter aluminum) value of tibiae and femura of birds in the studied group
classifid by collection age and body weight range (1=light, 2=intermediate, 3=heavy).

Age Live weight (g) Tibia BMD (mm Al) Fémur BMD (mm Al)

(weeks) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
4 650cG 755bH 886aH 764 1.28 1.37 1.48 1.37E 1.10aD 1.35aE 1.59aF 1.34
8 902cF 1066bH 1289aG 1086 2.00 2.31 2.29 2.20CDE 2.30aCDh 2.52aCDE 2.84aEF  2.55
12 1184cE 1438bG 1721aEF 1448 2.54 2.46 2.28 2.42CDE 3.03aBCD 3.19aDE 3.61akEF  3.28
15 1319DcE  1573bF 1864aE 1585 1.89 1.82 1.91 1.88DE 2.36aCDh 1.90aE 2.03aF 2.10
20 1512cD 1847bE 2270aD 1876 2.13 2.25 1.99 2.12CDE 3.07aBCD 3.55aDE 3.35aDEF 3.32
24 2182cC 2640bD  3173aC 2665 2.05 4.46 2.09 2.87BCDE  3.33aBCD 3.79aDE 4.32aCDE 3.81
30 2661cB 3184bC 3663BaC 3169 2.19 2.98 3.66 2.94BCDE 4.98cBCD 7.73bABC 10.74aAB 7.81
35 2913cA 3412bB  3880aABC 3402 3.23 3.60 6.70 4.51AB 10.70bAB 9.83bAB 16.94aAB 12.49
42 3083cA 3412bB 3880aABC 3500 3.10 3.67 3.88 3.55ABC 6.69bBCD 6.92bABC 20.02aA 11.21
47 3110cA 3562bAB 4024aABC 3565 3.76 3.78 4.06 3.86ABC 5.67aBCD 6.03aBC  6.63aC 6.11
52 3083cA 3571bAB 4157aABC 3603 3.96 3.50 7.63 5.03A 6.95bABCD 9.36bAB 12.94aAB 9.75

Mean 2055 2417 2801 2.56 2.93 3.43 4.56 5.10 7.70
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Table 4 - Bone mineral density (BMD) and eggshell characteristics
of the birds in the studied group.

Age Egg weight Specifc Eggshell BMD BMD

(weeks) (9) gravity (%) tibia Femur
30 61.71B 1083.89A 8.90 B 3.38 8.23AB
35 64.11B 1078.13B 9.03B 3.71 10.33A
42 68.55A 1078.09B 9.44AB 3.61 7.14AB
47 69.22A 1079.42AB 9.49A 3.82 6.04B
52 71.89A 1082.60A 9.88A 4.55 9.94A

Means followed by different letters in the columns are significantly
different by the test of Tukey (p<0.05).

Specific gravity presented the highest values in the
first and in the last collection (30 and 52 weeks),
whereas weeks 35 and 42 presented the lowest values,
and collection on week 47 was not different from the
other weeks. Similar results were found by Gomes et
al. (2005) in a study of the effect of broiler breeder
genetic line and age on eggshell percentage. In that
trial, eggshell percentage with specific gravity higher
than 1080 decreased as age increased; however, the
studied ages were 30, 45, and 60 weeks.

Table 5 shows the shows the correlations between
egg external quality traits and bone mineral density.
Significant correlations were observed as to eggshell
quality, with the highest value for the correlation
between specific gravity and eggshell percentage. This
was expected, because specific egg weight is

80

Bone Mineral Density of Tibae and Femura of Broiler
Breeders: Growth, Development and Production

influenced by eggshell weight (Castello et a/, 1989).
Similar results were obtained by Peebles & Brake (1987)
and North & Bell (1990), who mention the influence of
eggshell percentage and eggshell weight on specific
gravity.

Table 5. Correlations between eggshell quality and bone mineral
density of broiler breeders in lay.

Egg weight Specific Egg BMD BMD
(9) gravity shell (%) tibia femur
Egg weight 1.00
Sp. gravity 0.27 1.00
Eggshell (%) -0.45 0.69 1.00
BMD tibia -* - -0.15 1.00
BMD femur - - - 0.67 1.00

Pearson’s correlations at 5% significance.*Non significant correlations
are expressed here as “-"

According to Hudson et a/. (2000), nutritional
deficiencies may cause drop in egg production and
reduced quality. This is corroborated by Calderén
(1994), in a revision on this subject. Nevertheless, in
the present study, no correlation (p>0.05) was found
between eggshell quality traits and femur BMD,
whereas there was a low-value negative correlation
between tibia BMD and eggshell percentage. These
findings support the notion that breeders did not use
bone calcium and phosphorus for eggshell formation.

According to Maggioni (1998), the use of bone
calcium for eggshell formation occurs when the
available dietary calcium does not supply the
requirements. This is corroborated by Julian (2005), who
asserts that, when there is no available dietary calcium,
the bird removes calcium from the medullar bones,
which can cause bird’s death. The feeds used in the
present study followed the recommendations of the
genetic line manual (Agroceres Ross, 2003), with no
afternoon calcium supplementation. The results showed
that birds do not need to remove bone calcium for
eggshell formation, as tibia and femur bone mineral
density presented low or no correlation with eggshell
quality.

Graph 3 shows the egg production curve and the tibia
and femur bone mineral density curves of the
experimental birds. Tibia BMD curve follows the egg
production curve, whereas the femur BMD curve
decreases on week 47, when egg production increased.

CONCLUSION

It was possible to conclude that egg production had
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Graph 3 - Bone mineral density and egg production curves of
broiler breeders

little influence on bone mineral density of broiler
breeders, probably because there was no need to
mobilize bone minerals during the production period
as egg production was below to that usually found
under commercial conditions.

Bone mineral density of broiler breeders showed a
trend to increase as bird aged, until 30 weeks of age,
when birds started to lay. On the 47" week of age,
there was a 9.39% increase in egg production, with a
significant decrease in femur bone mineral density,
which may indicate that this bone is responsible for
the supply of minerals for eggshell formation, if needed.
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