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SUMMARY

The poultry-breeding industry worldwide has focused on the development of hybrids for
meat or egg production. In Costa Rica, there is a popular belief that commercial broilers have
a high growth rate because they are raised with steroid hormones. This study was conducted
to assess BW, nutritional state, and serum concentrations of some steroid hormones in a rep-
resentative sample of 600 male and female Cobb 500 broilers from commercial farms and to
compare them with a control group of 38 Cobb 500 broilers of both sexes reared in an experi-
mental station. Control birds were weighed weekly during the 40-d experiment. Feed for the
control group was prepared by personnel at the Investigation Center in Animal Nutrition of the
University of Costa Rica and was supplied ad libitum. Commercial birds were blood sampled,
weighed, and slaughtered at 40 d of age. All biochemical analyses were performed at the Fac-
ulty of Microbiology or the Hematological Investigation Center and Related Sicknesses of the
University of Costa Rica. Compared with commercial birds, control birds had lower mean BW
(2,004 £ 168 vs. 2,127 + 260 g; P = 0.004) and higher serum concentrations of total cholesterol
(3.72 £ 1.01 vs. 3.12 + 0.49 mmol/L; P < 0.001). No significant differences were observed in
mean serum concentrations of triglycerides and steroid hormones between the control and ex-
perimental groups. We conclude that the high BW and growth rate reached by these broilers in
approximately 6 wk was not due to circulating steroid hormone levels.
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DESCRIPTION OF PROBLEM

Throughout the world, consumption of chick-
en meat continues to increase in both developed
and developing countries. Scheuermann et al.
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[1] predicted that chicken will become the over-
all meat of choice by the year 2020 because of
its nutritive qualities and availability for many
people at affordable prices [2]. Therefore, in
the last decades, the broiler industry worldwide
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has focused on the development of hybrids or
genetically modified birds for meat or egg pro-
duction. Meat birds have been selected over the
last 50 yr for rapid growth and high yield [3,
4]. Nevertheless, there has also been increas-
ing concern regarding the use of hormones as
growth promoters in several fattening animals
reared for human nutrition, especially cattle [5].
Some authors have also noted a possible asso-
ciation between these exogenous substances
found in meat, dairy products, and eggs and an
increase in the incidence of different types of
cancers (breast, ovarian, or testicular) and as-
sociated diseases [6]. Some experts have even
questioned the effect of these hormones over a
long period of time [7]. In Costa Rica, there is
a popular belief that commercial broilers have
a high growth rate because they are raised with
steroid hormones. However, no scientific stud-
ies have been performed that support this belief
because investigations in Costa Rica have fo-
cused more on consumer perceptions regarding
the nutritional value of poultry meat.

Growth enhancers, such as antibiotics, anti-
fungals, and probiotics, have been widely used
as an economical and safe way to increase BW
and improve the nutritional status of many ani-
mals, to reduce the rate of diseases, and to im-
prove the preservation of meat products, thereby
diminishing costs and increasing producer prof-
its [8].

Steroid hormones are very powerful com-
pounds that have wide biological effects in
animals and humans. In both, estradiol, proges-
terone, and testosterone occur naturally and in
identical molecular forms [9]. These steroids,
when ingested by humans via meat consump-
tion, would have the same biological activity in
the human body as the hormones produced natu-
rally by the organism [10]. Additionally, these
natural or synthetic steroids have a very limited
linkage or bonding to human plasma proteins,
remaining free in the bloodstream and thereby
increasing their potential effects [5]. Recent
studies in prepubertal children have demon-
strated that even small differences in hormone
levels and very low doses of steroid hormones
can have significant biological effects [6].

Both the US Food and Drug Administration
(FDA) and the USDA have established a limit
on acceptable exposure to these hormones (1%
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or less), which is based on their daily produc-
tion (DP) in the populations with a smaller DP,
which means prepubertal boys for estradiol and
progesterone, and prepubertal girls for testos-
terone [5, 9, 11, 12]. In these studies, the FDA
stated, “Although not all sex steroids are dem-
onstrated carcinogens, current evidence supports
our conclusion that all endogenous sex steroids
and synthetic compounds with similar biological
activity should be regarded as suspect carcino-
gens” [9]. The FDA also concluded that this 1%
value was supported by scientific evidence, was
reasonable, and reflected sound public health
policy [9]. Equally, the USDA concluded in its
study that “the combined USDA, FDA, and EPA
programs to control residues in meat and poultry
have been effective in reducing the incidence of
violative residues in meat and poultry products
and in reducing potential risk” [12].

The limit values mentioned above are also
found in the “Thirty-Second Report of the Joint
Committee of Food Additive Experts of the
FAO/WHO: Evaluation of Certain Remainders
of Veterinary Drugs in Foods” [6], which con-
sidered the DP of estradiol and progesterone in
prepubertal boys to be 6 and 150 pg/d, respec-
tively, and the DP of testosterone in prepubertal
girls to be 32 ng/d [9, 10]. Nevertheless, this
maximal secure intake of natural sex steroids
has been questioned because the DP rates on
which it is based are very doubtful [5, 6].

Because of improvements in BW and FE of
meat-producing animals, sexual steroid admin-
istration has been used as a practice in animal
production, mainly in beef cattle, increasing in
the United States over almost 50 yr; however,
in the United States, sex steroids are not used
for rearing poultry. In addition, the use of sex
hormones for rearing livestock, either poultry or
cattle, has been officially prohibited in the Euro-
pean Community since 1989 [5]. In Costa Rica,
no prohibitions exist on the use of hormones in
either poultry or cattle, except for Decree 7269-
A of September 11, 1975, which bans the use
of diethylstilbestrol for poultry or cattle rearing
[13].

The substances that have been more widely
used are the estrogens, especially 17p-estradiol,
or progesterone or testosterone in combination
with estradiol [6]. In many publications, a sig-
nificant difference has been demonstrated be-
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tween the hormonal levels of treated and non-
treated cattle [11]. However, the use of steroid
hormones in poultry is not a legal practice in the
United States, and studies in broilers are practi-
cally nonexistent or null, which may be a result
of the substances being banned.

In Costa Rica, a popular belief is that com-
mercial broilers grow very rapidly because they
are raised with steroid hormones. To our knowl-
edge, to date no studies have been performed in
Costa Rica related to this statement. Therefore,
this study was conducted to assure consumers
that steroid hormones are not being adminis-
tered to birds.

MATERIALS AND METHODS
Selection of the Bird Sample

A total of 646 broilers (Cobb 500) [14] at
40 d of age were collected live from different
broiler producers in the country between August
and November 2007. One-half the birds were
males and one-half were females. The average
industry broiler density in Costa Ricais 13 to 15
birds/m®. All the bird procedures followed were
approved by the Institutional Council on Animal
Care of the University of Costa Rica.

The participation of the different broiler
producers in the study was promoted by the
National Camera of Poultry Farmers of Costa
Rica. The 5 main broiler-producing companies
in the country participated in the investigation.
For each producer, the number of farms visited
was calculated proportionally to the participa-
tion of that company in national production. The
farms were selected randomly on the day before
the birds were weighed and blood sampled, and
the companies were notified on the same day as
the experimental procedures. A total of 19 com-
mercial farms, distributed among 5 provinces
in Costa Rica, were visited. On each farm, 34
broilers were randomly selected (one-half males
and one-half females).

Birds in the Control Group

The control group was composed of 38 one-
day-old Cobb 500 broilers from the hatchery
of the Industrial Bird Processing Plant [15],
from eggs produced by a single lot of breed-
ers. These control birds were grown at the Ex-

perimental Station Fabio Baudrit Moreno at the
University of Costa Rica. Broilers received 24
h of light. They were maintained in a 3-m* pen
with a placement density of 12.5 birds/m* and
were raised to 40 d of age. All birds received
a combined vaccine against infectious bronchi-
tis (Massachusetts soft strain), infectious bursal
disease, and Newcastle (live virus strain B1)
viruses [16]. Water and food were supplied ad
libitum daily during the experiment. Feed was
prepared by the staff of the Investigation Center
in Animal Nutrition of the University of Costa
Rica. The starter, grower, and finishers diets of
the control group are specified in Table 1. Nutri-
ent levels were according to Cobb 500 require-
ments.

On d 40 of the experiment, birds in the con-
trol group were weighed with a digital scale,
with a sensitivity of £2 g, just before they were
blood sampled using a sterile 5-mL syringe and
21-gauge x 1.5-in. needle.

Data and Blood Sample Collection
in Control and Commercial Broilers

The sex of birds was determined by direct
observation of the superior crest of the bird. The
BW of the birds was determined with a digital
scale (sensitivity of £2 g). A sample of blood
was collected from each broiler from the wing
or radial vein using a sterile 5-mL syringe and
21-gauge X 1.5-in. needle. Samples were col-
lected into plain Vacutainer tubes [17], and se-
rum was obtained by centrifugation at 4,025 x
g for 5 min at 25°C. Samples were stored indi-
vidually at —20°C until biochemical tests were
performed. All hemolyzed serums were elimi-
nated from the study to avoid interference with
the hormone and lipid analyses.

Biochemical Analysis

Serum hormone levels were determined us-
ing quantitative enzyme-linked immunoassays,
according to the instructions of the manufactur-
ers [18, 19]. The assay sensitivities for estradiol,
progesterone, growth hormone, and testosterone
were 36.7 pmol/L, 0.16 nmol/L, 0.66 ng/L, and
0.14 nmol/L, respectively. The serum levels of
total cholesterol and triglycerides were deter-
mined by enzymatic colorimetric reactions us-
ing an automated liquid chemistry analyzer [20].
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Table 1. Ingredient and nutritional composition of diets of birds in the control group

Item Starter Grower Finisher

Ingredient, %
Corn, yellow 52.30 64.49 67.12
Soybean oil, acidulated 3.40 2.80 3.06
Soybean meal (48%) 39.00 27.80 25.54
Limestone 1.60 1.58 1.42
Sea salt 0.50 0.46 0.39
pL-Methionine 0.33 0.28 0.24
L-Lysine hydrochloride 0.14 0.22 0.22
L-Threonine 0.03 0.07 0.07
Mono-dicalcium phosphate (21% phosphorus) 1.40 1.30 1.20
Broiler premix' 130 1.00 0.75

Calculated nutritional composition
ME, kcal/kg 2,980 3,075 3,125
CP, % 22.75 18.5 17.5
Methionine, % 0.65 0.55 0.50
Methionine + cysteine, % 1.01 0.85 0.79
Lysine, % 1.37 1.15 1.10
Threonine, % 0.90 0.77 0.73
Calcium, % 1.00 0.95 0.87
Available phosphorus, % 0.46 0.42 0.40
Sodium, % 0.19 0.18 0.17

'Broiler premix supplied (per kg of starter, grower, and finisher diets): vitamin A, 12,000, 10,000, and 8,000 IU; vitamin D3,
4,000, 3,500, and 3,000 IU; vitamin E, 40, 25, and 20 mg; vitamin K, 3.5, 3.0, and 2.5 mg; vitamin By, 3.5, 3.0, and 2.5 mg;
vitamin B,, 8, 7, and 6 mg; niacin, 60, 50, and 40 mg; pantothenic acid, 14, 12, and 10 mg; vitamin Bg, 4, 3.5, and 3.0 mg;
biotin, 0.15, 0.125, and 0.10 mg; folic acid, 1.5, 1.1, and 0.8 mg; vitamin B, 0.02, 0.015, and 0.013 mg; choline, 375, 300, and
250 mg; manganese, 100, 100, and 90 mg; iron, 45, 40, and 37 mg; zinc, 100, 100, and 90 mg; copper, 15, 15, and 13 mg; io-
dine, 1.0, 1.0, and 1.0 mg; and selenium, 0.3, 0.3, and 0.3 mg. The coccidiostat in the starter and grower diets was salinomycin
sodium (60 ppm). The growth promoter in the starter diet was bacitracin methylene disalicylate (75 ppm).

Intraassay CV for total cholesterol and triglycer-
ides were 2.0 and 3.1%, respectively.

Data Analysis

Statistical analysis was performed with SPSS,
version 15.0 for Windows [21]. Student’s r-test
was used for the analysis of normally distributed
data, and the Mann-Whitney U-test was used for
skewed data. Outliers (mean + 3 SD) were ex-
cluded from the analysis. Data were categorized
by sex of the broilers, and results are presented
as means = SD, with 95% CI as ranges. Nonpara-
metric Spearman’s correlation coefficients were
calculated to determine the association between
BW and biochemical variables. To detect whether
mean serum levels of biochemical variables and
BW varied across the different broiler-produc-
ing companies, one-way ANOVA analysis was
performed. All statements of significance were
based on testing at a P < 0.05 level.

RESULTS AND DISCUSSION
Control Bird Group

The control group consisted of 38 broilers
(23 females and 15 males; 60.5 and 39.5%, re-
spectively). Male birds presented a mean BW
significantly higher than female broilers of the
same age (40 d). Likewise, male birds had high-
er mean serum levels of testosterone than female
birds (3.33 + 2.77 vs. 0.82 + 0.92 nmol/L; P <
0.001) and a tendency for higher triglyceride
levels, although the difference was not signifi-
cant in the latter case (P = 0.068; Table 2). No
significant differences were observed among the
other hormones and total cholesterol between fe-
male and male control birds. Wide variability in
testosterone and growth hormone levels was ob-
served in this group. In the control group, mean
feed intake during the first 21 d was 1,036 g with
the standard diet (data not shown).
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Commercial Bird Group

The commercial group sample consisted
of 600 broilers, one-half females and one-half
males (Table 2). Male birds presented a mean
BW significantly higher than female broilers of
the same age (40 d). Male birds also had higher
mean serum levels of testosterone (1.99 + 2.17
vs. 1.354 1.59 nmol/L; P <0.001) and total cho-
lesterol (3.20 = 0.57 vs. 3.11 + 0.53 mmol/L ;
P = 0.035) than female chicks. In contrast, fe-
male birds had significantly higher mean levels
of estradiol than male broilers (44 + 17 vs. 37
+ 3 pmol/L; P < 0.001). No differences were
observed in mean serum levels of progesterone,
growth hormone, and triglycerides between the
2 groups. Wide variability in testosterone and
growth hormone levels was also observed in
commercial fowl.

Table 3 shows the mean values for BW, lipid
profile, and steroid hormones according to the
commercial groups or the control group. Signifi-
cant differences were observed only between the
control and experimental groups for mean BW
and serum concentrations of total cholesterol
and triglycerides. Control birds presented lower
BW and triglyceride levels than commercial
birds. Serum total cholesterol levels were higher
in the control group than in the different com-
mercial groups. No significant differences were

observed in mean serum concentrations of ste-
roid hormones between the different commer-
cial groups and the control group of broilers.

When the total populations of commercial
and control birds were compared, significant
differences were observed in mean BW and total
cholesterol concentrations. Control birds had a
mean BW lower (by 123 g) and serum concen-
trations of total cholesterol higher (3.72 + 1.01
vs. 3.12 £ 0.49 mmol/L; P <0.001) than birds in
the commercial group. No significant differenc-
es between the control and experimental groups
were observed for mean serum concentrations
of triglycerides and steroid hormones (estradiol,
growth hormone, progesterone, and testoster-
one; Table 4).

Correlations (r <0.200) were low between the
BW of the commercial birds and the observed
steroid hormone levels. Likewise, triglyceride
concentrations correlated weakly with total se-
rum cholesterol levels (r = 0.212) and BW of the
broilers (r = 0.071; data not shown).

The large-scale broiler industry in Costa Rica
represents approximately 52 million chickens
raised for human consumption each year. Sever-
al commercial broiler hybrids have been used in
Costa Rica, such as Ross, Cobb 500, and Hub-
bard. However, the most frequently used hybrid
is currently Cobb 500 because it seems to adapt

Table 2. Serum hormonal levels and nutritional status parameters of broilers in the control and commercial groups

at 40 d of age (n = 638)’

Control group

Commercial group

Female Male Female Male
Variable (n=23) (n=15) P-value* (n=300) (n=300) P-value*
BW, g 1,938 + 143 2,105+ 154 0.002 1,953 £ 178 2,291 + 208 <0.001
(1,666 to 2,316) (1,850 to 2,430) (1,122 t0 2,636) (1,636 to 2,860)
Estradiol, pmol/L 38+4 37+1 0.351 44 +17 3743 <0.001
(37 to 55) (35 to 38) (37 to 128) (37t0 73)
Progesterone, nmol/L 0.21+0.14 0.18 £0.06 0.415 0.22+0.15 0.24+0.16 0.160
(0.16 to 0.80) (0.16 t0 0.32) (0.16 to 0.80) (0.16 to 0.80)
Testosterone, nmol/L 0.82+0.92 333+2.77 <0.001 1.35+1.59 1.99+2.17 <0.001
(0.17 to 3.47) (0.35t0 10.41) (0.17 to 7.63) (0.17 to 10.41)
Growth hormone, ng/L 22+£26 20+30 0.829 18 £28 17+£29 0.483
(1 to 100) (1 to 120) (1to 170) (1 to 180)
Total cholesterol, 3.64+0.83 385+1.25 0.537 3.11+0.53 3.20+0.57 0.035
mmol/L
(1.14t0 5.21) (1.35t0 6.84) (1.14 t0 6.71) (1.35t0 6.84)
Triglycerides, mmol/L 1.10+0.31 1.28 +£0.25 0.068 1.24+0.57 1.25+0.46 0.801

(0.56 to 1.71)

(0.86 to 1.71)

(0.07 to 5.75)

(0.06 to 3.23)

'Values presented are the means + SD of the different variables; n = number of birds. Numbers in parentheses are ranges.
*Significant difference at P < 0.05 (Mann-Whitney).

GTOZ ‘9T Yore |\ uo Ariqgi] 4SDN e /Bio'seuinolpioxoidel;/:dny wouy pspeojumoq


http://japr.oxfordjournals.org/

Research Report

JAPR

284

Downloaded from http://japr.oxfordjournals.org/ at UCSF Library on March 16, 2015

(VAONY Aem-1) S0°0 > J 18 SUBIW Ud2M)Qq OUIJIP JUBIJIUSIS,
"soZuel d1e sasayjuRIed Ul SIqUINN “SPIIq JO JOqUINU = U

(IL10195°0) (28101 67°0) (Lyzorzrn (€T°€ 0 9%°0) (To'z™20'1) ($L°$0190°0)
100°0> 0S0FLIT 0€'0F 660 PEOFILT €SOFEST LTOFPS'T vSOFSI'T /oW ‘SAPLIdIASLIL,
(#8901 $1°1) (0€% 01 68°1) (10¥ 91 $T°7) LTy 9207 @T1¥ 9 +97) (1L901 017
100°0> 10T F2L'E Y0 F80°€ WOF06T ISOFSIE 9€'0FST'E 0S0FCI'E J/jowu ‘[013}$3[0Y0 [E}0L,
(o191 1) (9101 1) (001 03 1) (sg1 03 1) (091 03 1) (08103 1)
vZI1o LTFIT EEFIT 61 F 11 YT F 61 b F 9T LTFIT 7T/3U “oUOWLIOY [IMOID)
(I7°01 0 L1°0) (#6'9 03 6€°0) (€9°L03L1°0) (#6901 L1°0) (#6901 L1°0) (20691 L1°0)
Y0€°0 TTTFIST ESTFH9T €OTFTIT 6€TFLIT 96’ T F80'T SUTFPLT 7J/10WU QUOISOISA],
(08°0 01 91°0) (08°0 01 91°0) (T€0 01 91°0) (T€0 01 91°0) (T€0 91 91°0) (08°00191°0)
¥SE0 110 F0T0 €I0F2T0 LOOF0T0 LOOFITO 800 F €20 61'0F¥T0 J/1owu QuoI)saFoid
(5501 L€) (82103 L) (Ss01L€) (26 01 LE) (ss 01 L€) (82101 LE)
€6£°0 €FLE TI F6€ 9F6¢ SIF 1Y 9F6¢ SIF IV /10wd ‘orpensg
(0€¥°T 01999°7) (08L°T O3 4LS°T) (98T O ¥LLT) (098°C 01 £89°1) (289°C 01 96L°1) (TSL'TMTTI‘D)
1200 891 F #00°C 8ETTF6SI°T 8TTF 01T 9T F6V1T €9TF LIIT LOTFIIIT 3mg
#ON[eA- (8¢ =1) (06 =1) (og=1) (06 =1) (0g =1 (09¢ =w) S[qeLIeA
dnoi3 jonuo) q Auedwo) d Auedwo) D Auedwo) g Auedwo) v Auedwo)

,(8€9 = u) ebe jo p oy

1e dnoJb |os3u0D By} Woy spliq pue saluedwod Ja|loig Jualaylp 8y} Woli spaig Jo (QSF) siejeweled SN)e)s [eUOHLINU PUB S[9AS| [BUOWIOY WNJSS Ueaw jo uosiedwo) ¢ ajgeL


http://japr.oxfordjournals.org/

HOLST-SCHUMACHER ET AL.: STEROID HORMONES IN BROILERS 285

Table 4. Serum hormonal levels and nutritional status parameters in broilers from the commercial and control

groups at 40 d of age (n = 638)’

Commercial Control
Variable group (n = 600) group (n = 38) P-value*
BW, g 2,127 £ 260 2,004 + 168 0.004
(1,122 to 2,860) (1,666 to 2,430)
Estradiol, pmol/L 41+13 37+£3 0.114
(37 to 128) (37 to 55)
Progesterone, nmol/L 0.23+0.16 0.20+0.11 0.190
(0.16 to 0.80) (0.16 to 0.80)
Testosterone, nmol/L 1.65+1.90 1.81 +£2.23 0.603
(0.17 t0 9.02) (0.17 to0 10.41)
Growth hormone, ng/L 17+£29 21 +£27 0.442
(1 to 180) (1 to 120)
Total cholesterol, mmol/L 3.12+0.49 3.72+1.01 <0.001
(1.89 t0 6.71) (1.14 to 6.84)
Triglycerides, mmol/L 1.25+0.53 1.17+0.30 0.331

(0.06 to 5.75)

(0.56 to 1.71)

'Values presented are the means + SD of the different variables. n = number of birds. Numbers in parentheses are ranges.

*Significant difference at P < 0.05 (Mann-Whitney).

satisfactorily to climatic conditions in the coun-
try and to present an excellent growth rate and
FCR.

The broiler industry worldwide has genetical-
ly refined the broiler chicken for rapid growth,
efficient feed conversion, and development of
broad-breasted muscles. However, the birds are
subject to congestive heart failure and heart at-
tacks and often have difficulty walking because
ofleg disorders [14]. Because of the rapid growth
of these birds, they reach an average market BW
of 2.2 kg in 6 or 7 wk [22]. Recently, Radu et al.
[23], who evaluated some features of meat pro-
duction in Cobb 500 chicken hybrids, reported
mean BW of 2,296 + 50 g in males and 2,169 +
44 g in females, with a mean BW of 2,232 + 37
g in both sexes. These data are consistent with
the mean BW reached by our bird control group
and are close to the average BW for live broilers
marketed in Costa Rica. Although a significant
difference was found in BW between the com-
mercial and control groups in our experiment,
the differences could be explained in terms of
the diet or space in the pens where the birds
were raised. Commercial poultry houses in Cos-
ta Rica are for flocks of 10,000 to 20,000 broil-
ers each (average placement density of 13 to 15
birds/m?), limiting the space and contributing to
a sedentary life, and thereby a rapidly increasing
BW in the birds.

Very little information is available in the lit-
erature concerning serum steroid hormone con-
centrations in Cobb 500 broilers. Both female
and male birds produce progesterone, testoster-
one, and estradiol, but in different proportions
according to the sex of the broiler [24]. Second-
ary sexual characteristics in male and female
chicks are under the control of androgens and
estrogens, respectively. In the male, androgens
are responsible for the growth, size, and color-
ing of the comb; the plumage and bill color; the
structure of the feathers, vocalizations; and be-
havior [25]. Testosterone is the principal steroid
produced and secreted by the testes of sexually
mature chickens [26]. In the female, estrogens
control the color and shape of plumage and the
sexual behavior of the birds. As expected, in our
study significant differences in testosterone and
estradiol concentrations were found between
commercial female and male birds. Male broil-
ers naturally have higher serum testosterone
concentrations; thus, they present a greater BW
than female birds. This characteristic was ob-
served in both the commercial and control male
groups in the present study. No differences were
found in serum estradiol concentrations between
female and male control birds, probably because
the number of broilers was low (n = 38).

Blood levels of testosterone have also been
demonstrated to exhibit a diurnal rhythm [27,
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28] and pulsatile release [29, 30]. This behavior
of steroid hormones can explain the wide range
of growth hormone and testosterone concentra-
tions found in commercial and control broilers.

No important differences were observed in
serum concentrations of steroid hormones be-
tween the commercial and control birds. We
suggest that the high BW and growth reached by
these broilers by 6 wk of age was not related to
the administration of steroid hormones as growth
promoters. Several additional factors support the
idea that hormones are not good growth promot-
ers in broilers. First, steroid hormones in nonlay-
ing birds are very short-lived in the bloodstream
because they have a higher metabolic clearance
rate than in laying birds. The biologically active
half-life of progesterone in the circulation of
birds is approximately 11 min. The half-life of
estradiol in the circulation has been calculated at
approximately 28 min [31]. Second, genetically
manipulated chickens, such as Cobb 500, live
at a higher metabolic limit. An increase in their
growth rate probably would increase the mor-
tality of these broilers because of caloric stress
[14]. Third, administering hormones as growth
promoters is difficult because these must be in-
jected into the birds, a practice that is not practi-
cal on farms with thousands of broilers. Fourth,
steroid hormones are expensive and their sale is
restricted by several companies.

Finally, the lipid profile, represented in this
case by the total cholesterol and triglyceride
analyses, is commonly used as a nutritional sta-
tus parameter. The differences observed in serum
total cholesterol and triglyceride levels between
broilers from the different broiler companies and
those from the control group suggest that each
producer has its own nutritional strategy.

Although serum is a good representative ma-
trix of the different tissues of the organism, the
meat would have been a more appropriate tis-
sue in which to investigate hormones as growth
promoters. This limitation of our study must be
considered when interpreting the data. Further
surveys are needed to assess steroid hormone
concentrations and lipid content in the breast
muscle of broilers used for human nutrition.

CONCLUSIONS AND APPLICATIONS

1. To our knowledge, this is the first study
in Costa Rica to quantify serum steroid
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hormones in broiler chicken hybrids des-
tined for human consumption.

2. We observed no statistical differences
in mean serum concentrations of steroid
hormones in broilers between the com-
mercial and control groups.

3. Similar BW of the birds were recorded
in both groups at 40 d of age.

4. We conclude, based on these findings,
that the high BW and growth reached
by these broilers by approximately 6 wk
of age were not due to administration of
steroid hormones.
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