ISSN 1682-8356
ansinet.org/ijps

INTERNATIONAL JOURNAL OF

POULTRY SCIENCE

ANSI|zez

308 Lasani Town, Sargodha Road, Faisalabad - Pakistan
Mob: +92 300 3008585, Fax: +92 41 8815544
E-mail: editorijps@gmail.com




3 OPEN ACCESS International Journal of Poultry Science

ISSN: 1682-8356
DOI: 10.3923/ijps.2017.288.295

@ CrossMark

Research Article
Effects of Light Ingress through Ventilation Fan Apertures on
Selected Blood Variables of Male Broilers

H.A. Olanrewaju, J.L. Purswell, S.D. Collier and S.L. Branton

USDA, Agricultural Research Service, Poultry Research Unit, P.O. Box 5367, Mississippi State, MS 39762-5367

Abstract

Background and Objective: Increasing broiler house size and ventilation capacity have resulted in increased light ingress through
ventilation system component apertures. The effective photoperiod for broilers may create local increases in light intensity, which may
alsoimpact broiler’ body homeostasis. This study was conducted to investigate the influence of aperture light ingress in grow-out houses
on selected blood variables of male broilers reared to 63 days of age. Materials and Methods: Sixty male broiler chicks were randomly
distributed to each of 16 environmentally-controlled rooms (960 total birds). Birds were provided a diet formulated to meet or exceed
NRC recommendations with feed and water provided ad /ibitum. The two treatments consisted of a constant (C) light intensity at 2.5 Ix
at 16L:8D based on prescriptive intensities in typical heavy broiler lighting programs and a variable (V) light intensity and photoperiod
program that was based on field measurements near tunnel fans in a solid walled broiler house. The lighting program to 35 days was
identical for both treatments and the treatments were initiated at 36 days. Blood samples were collected from the wing brachial vein of
6 birds per room on day 35 (before treatments) and 63, which were then analyzed immediately for whole blood physiological variables.
Selected blood plasma biochemistry, enzyme activities and electrolyte levels were evaluated. Results: In comparison to broilers exposed
toa'C lightintensity of 2.5 Ix, broilers exposed to 'V’ lighting that mimicked areas near tunnel fans, had significantly lower levels of pH,
Ca?, K, CK and higher levels of angap, which were within physiological acid-base ranges. Also, age have significant contributor effects
on most selected variables. In addition, blood glucose and plasma corticosterone concentrations were not affected by treatment,
suggesting an absence of physiological stress and an uncompromising welfare of the birds. Conclusion: It is concluded that there may
be a need to mitigate light ingress through ventilation system components to improve live performance of broilers.
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INTRODUCTION

Lighting programs for broiler production are formulated
partially to provide some control over growth trajectory and
to minimize adverse behaviors'. However, the lighting
environment within a modern solid-walled broiler house can
vary with construction practices (fan placement, evaporative
pad length, interior reflectivity, etc.) as well as environmental
control methods (tunnel vs. perimeter ventilation) and may
alter the effectiveness of the prescribed lighting program.
Fairchild et a/? found that light leakage through tunnel fans
resulted in delayed onset of drinking as broilers responded
primarily to sunlight, rather than the photoperiod of artificial
lighting. Increasing broiler house size and ventilation capacity
have resulted in increased light ingress through ventilation
system components. Light ingress may alter the effective
photoperiod for broiler chickens and create local increases in
light intensity. This shift in photoperiod may act to result in
increased bird activity, restrict feed consumption and thus
negatively affect live performance and house uniformity.
Conversely, the change in the length of the photoperiod
can be an alternative way to improve the welfare,
immune response and consequently, the performance of
birds. However, it is important to recognize that many
environmental variablesincluding photoperiod can potentially
influence blood reference ranges from which birds are
sampled. It has been reported that physical stress
induced by photoperiod, prolonged handling, orrestraint
canresultinacidosis, increased creatine kinase (CK), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH)
activities, elevated potassium (K*) levels and decreased
glucose (GLU) concentrations in the blood**. Exposure of
poultry toinadequate micro-environmental factors during the
course of poultry production has an adverse impact on
physiological variables such as blood acid-base balance,
electrolytes and metabolites, which can lead to production
inefficiencies, compromised animal well-being and increased
animal morbidity and mortality°.

Blood analyses along with other biochemical evaluations
have been used to assess the health status of animals®”.
Changes in major selected blood variables are routinely used
to determine various influences of environmental, nutritional
and pathological factors®8. Changes in acid-base balance may
signal early symptoms of diseases and influence the early
manifestation of clinical signs and therapeutic effectivenessin
both domestic animals and human beings®!°. The basal
corticosterone levels that increase in response to stress have
been found to be consistently and significantly higherin birds
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housed under UV deficientlighting''. Stress responses are also
integrally involved with acid-base balance in several
species''2. Furthermore, changes in the levels of various blood
chemistry parameters as a function of age represent another
set of physiological alterations which can be observed for
variables such as alkaline phosphatase (ALP) and total
cholesterol™. It has been documented that green muscle
disease in broilers is associated with large increase in plasma
CK and AST activities', which can have either nutritional or
genetic causes'™. In this study, the influence of light-ingress
through fan apertures on selected blood physiological
variables, plasma biochemistry and enzyme activities of
broilers were examined. The sameindividual birds, treatments
and conditions were used as part of an investigation of male
broilers reared to 63 days of age and that were exposed to
either a constant light intensity of 2.5 Ix for 18L:6D or a
variable light intensity to mimic light ingress through tunnel
fans reported in a previous manuscript's.

MATERIALS AND METHODS

Bird husbandry: All procedures relating to the use of live birds
in this study were approved by the USDA-ARS Institutional
Animal Care and Use Committee at the Mississippi State,
Mississippi location. A total of 960 male 1-day-old Ross X Ross
708 chicks were purchased from a commercial hatchery. Upon
arrival, chicks were weighed and allocated to 16 groups
with equated BW; initial BW was 44 g and was not
different between treatments (p 0.33). Chicks were
randomly distributed into 16 environmentally-controlled
rooms (60 chicks/room). Each environmental room had a
floor area of 2.3X2.6 m (5.98 m?) with a room volume of
14.95 m3 (ceiling height = 2.5 m). Each room contained 3 cm
deep fresh pine shavings, tube feeders and a 7-nipple
watering system. Chicks were vaccinated for Marek's,
Newcastle and infectious bronchitis diseases at the hatchery.
At 12 days of age, birds received a Gumboro vaccination via
water administration. The chicks remained in their respective
rooms from 1-63 days of age (experimental period). Birds were
provided a 4-phase feeding program (starter: 1-14 days,
grower: 15-28 days finisher: 29-42 days and withdrawal:
43-63 days). Diets were formulated to meet NRC' nutrient
recommendations for each feeding phase. Starter feed was
provided as crumbles and subsequent feeds were provided as
whole pellets. Feed and water were offered ad libitum.
Temperature and RH on day 1 were maintained at 32%£1.1°C
and 50%5%, respectively and were held constant across all
treatments. Temperature was decreased as the birds
progressed in age until it reached 15.6°C at 49 days of age.
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Experimental treatments: A
experimental design with room serving as the experimental
unit was used and included 2 treatments with 8 replicates
treatment. Lighting was provided with a broad spectrum
dimmable 6W LED bulb in a typical A19 shape. Light intensity
was controlled with a phase-control electronic dimmer and
lightintensity switching was controlled with a programmable
logic controller. The lighting program employed to days 35
was identical for both treatments. The treatment period was
initiated at day 36 to mimic onset of tunnel ventilation use
and consisted of two treatments: constant (C) light
intensity at 2.5 Ix at 16L: 8D based on prescriptive intensities
in typical heavy broiler lighting programs and a variable (V)
light intensity and photoperiod program based on field
measurements near tunnel fans in a solid walled broiler house
at 15 min intervals over a 7 days period. The resulting
photoperiod was 18L:6D with a peak intensity of 35 Ix.
Lighting was changed to 5 Ix at 23L: 1D 48 h prior to
processing for the C lighting program and the minimum
light intensity for the V lighting program was also
increased to 5 Ix. Lightintensity settings were verified from the
center and four corners of each room at bird level (30 cm)
using a photometric sensor with National Institute of
Standards and Technology-Traceable calibration (403125,
Extech Instruments, Waltham, MA) for each intensity
adjustment. The light bulbs were cleaned weekly in order to
minimize dust build-up, which would otherwise reduce their
intensity.

completely randomized

Measurements

Blood collections and chemical analyses: On days 35
(day before initiation of the treatments) and 63, blood
samples were collected from a brachial vein of 6 randomly
selected chicks from each room. The birds were then returned
to the appropriate rooms without unnecessary discomfort
using proper housing and handling techniques, as described
by the NRC'8. All bleedings were completed within 45 sec after
birds were caught. Blood samples (3 mL) were collected
directly into heparinized (50 IU mL~") monovette syringes and
were drawn directly from the syringes into a blood gas
electrolyte analyzer (ABL-80 CO-OX Flex, Radiometer America,
Westlake, OH) forimmediate analysis of pCO,, pO,, HCO;™, pH,
Hct, Hb, sO,, glucose (Gluc), anion gap (angap), osmolality
(Osmo) and electrolytes (Na*, K*, Ca?* and CI7). This ABL-80
CO-OX Flex blood gas electrolyte analyzer was set to
reflect a broiler body temperature of 41.5°C as per
the manufacturer's instructions. The mean corpuscular
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hemoglobin concentration (McHc) in g dL=" was calculated
using the standard formula:

Hbx100
Hct

In addition, arterial oxygen saturation (Sa0,), which is the
amount of oxyhemoglobin (O,Hb) in blood expressed as a
percent of the total amount of hemoglobin able to bind
oxygen (O,Hb + deoxyhemoglobin) was calculated using the
following standard formula:

_ 100x O,Hb
O,Hb + deoxyhemoglobin

Sa0,

The needle mounted on each monovette syringe was
then removed, a cap was placed over the needle port and the
syringes containing the blood samples were plunged into ice.
After all birds were bled, the iced samples were transferred to
the laboratory and centrifuged at 4,000 rpm for 20 min at4°C.
Two milliliters of each of the plasma samples from the syringes
were stored in 2.5 mL graduated tubes at -20°C for later
chemical analyses. Plasma samples were removed from the
freezer, thawed and analyzed for corticosterone using a
universal microplate spectrophotometer (Bio-Tec Instruments
Inc., Winooski, VT) with ELISA reagent assay test kits (EIA-CS
Kit, Enzo Life Sciences, Farmingdale, NY), according to the
manufacturer’s instructions. In addition, analyses of the
plasma concentrations and activities of albumin (ALB), total
bilirubin (TBILI), blood urea nitrogen (BUN), creatinine (CREAT),
total protein (TP), uric acid (UA), cholesterol (CHOL), low
density lipoprotein (LDL-C), high density lipoprotein (HDL),
triglycerides  (TRIG), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), amylase (AMYL), aspartate
aminotransferase (AST), creatine kinase (CK), gamma-glutamy!
transferase (GGT), lactate dehydrogenase (LDH) and lipase
(LIP) were measured using ACE-AXCEL (Alfa Wassermann
DiagnosticTech, West Caldwell, NJ) through biochemistry and
enzymatic rate reactions. Some of these blood parameters are
indicators of internal organ health and systemic homeostasis.

Statistical analysis: Data were analyzed using PROCMIXED in
SAS"inacompletely randomized design with room serving as
the experimental unit and with 8 replicates treatment.
Treatment and age served as fixed effects and room served as
arandom effect in analysis of the main and interactive effects
of treatment and age. Means comparisons on days 35 and 63
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were separated using Fisher's least significant differences, with
significance considered at p<0.05 unless otherwise stated.

RESULTS

Table 1 shows the main effects of treatment and age on
major selected blood physiological variables. In comparison
with broilers reared under the ‘C’ treatment, broilers reared
under the V' treatment had significantly lower levels of pH
(p<0.015), Ca%" (p<0.041), K* (p<0.001) and higher levels of
angap (p<0.026). There was a major influence of age on most
examined blood physiological variables. Broilers reared up to

63 days of age in comparison to those at 35 days of age, apart
from BW, had higher levels of pCO, (p<0.043), Ca?* (p<0.041),
K* (p<0.001), angap (p<0.026) and Osmo (p<0.044), along
with reduced levels of pH (p<0.015), pO, (p<0.032), sO,
(p<0.014), Sa0, (p<0.027), Na* (p<0.036), CI~ (p<0.032) and
GLU (p<0.042) with a small increase in HCO;™. However, no
effect of treatment or age was noted on Hb, Hct, McHc and
CORT on any of the sampling days. The influence of treatment
and age on selected blood plasma biochemistry variables are
presented in Table 2. As shown in Table 2, there was no effect
of treatments noted on selected blood plasma biochemistry
variables. However, broilers reared up to 63 days of agein

Table 1: Combined main effects of fan-induced photoperiod on selected blood physiological variables of male broilers reared to 63 days of age’

Days
35 63
Variables Baseline Constant? Variables? SEM p-value
Body Weight (Kg) 2.165° 4.9272 4.921° 0.103 0.028
pH 7.40° 7.32° 7.29¢ 0.008 0.015
pCO, (mmHg) 57.02° 60.34° 63.52° 0.130 0.043
pO, (mmHg) 69.56° 51.39° 47.61° 1.052 0.032
HCO;~ (mmHg) 27.57 28.55 27.88 0.327 0.058
s0O,% 52.23° 47.80° 4413 1.726 0.014
Sa0, % 76.38° 73.36° 70.75° 1.595 0.027
Hb (gdL™") 8.87 8.79 8.63 0.103 0.275
Hct (%) 27.87 27.28 26.81 0.309 0.290
McHc (g dL™) 32.22 32.23 32.21 0.013 0.116
Ca?* (mEq L) 2.976¢ 3.102° 3.008° 0.011 0.041
Na* (mEq L") 153.152 151.60° 152310 0914 0.036
K* (mEq L) 4.131¢ 4.5482 4.231° 0.063 0.001
Cl=(mEqL™) 111.01° 109.46° 109.36° 0.271 0.032
Anion Gap (mEq L") 18.02¢ 18.20° 19.28° 0324 0.026
GLU (mg dL™") 273.57° 262.69° 254.56° 297 0.042
Osmo (mOs kg™) 316.23° 333.62° 319.97¢ 4.90 0.044
CORT (pg mL™") 1994.36 2014.25 1987.46 156.4 0.158

*bMeans within a row not sharing a common superscript are significantly different at p<0.05, 'Table values are least square means of eight replicate pens for each
treatment, 2Constant = Broilers subjected to a constant light intensity of 2.5 Ix, 3Variable = Broiler subjected to a variable light intensity to mimic light leakage through

tunnel fans. Effective photoperiod was 18L: 6D with a peak intensity of 35 Ix

Table 2: Influence of fan induced photoperiod on selected blood plasma biochemistry of male broilers reared to 63 days of age’

Days

35 63
Chemistry assays baseline Contant? Variables? SEM p-value
Albumin (ALB), g dL™! 0.906° 1.049° 1.057° 0.058 0.018
Bilirubin, or total (TBILI), mg dL~" 0.546 0.557 0.420 0.083 0.118
Blood urea nitrogen (BUN), mg dL™! 0.9872 0.733° 0.700° 0.282 0.017
Creatinine (CREAT), mg dL™ 0.148° 0.1792 0.1852 0.097 0.038
Total protein (TP), g dL™ 2.210° 2.870° 2.993° 0.195 0.032
Uric acid (UA), mg dL™ 6.733° 5.874° 5.773° 0.275 0.003
Cholesterol (CHOL), mg dL~" 85.28° 99.232 104.20° 7.906 0.028
Low density lipoprotein (LDL-C), mg dL~' 16.21° 26.20° 25472 2.818 0.004
High density lipoprotein (HDL), mg dL~' 71.672 60.67° 63.63° 4.887 0.016
Triglycerides (TRIG), mg dL™! 33.13° 46.63° 43.37° 4.483 0.002

*bMeans within a row not sharing a common superscript are significantly different at p<0.05, 'Table values are least square means of eight replicate pens for each
treatment, 2Constant = Broilers subjected to a constant light intensity of 2.5 Ix, 3Variable = Broiler subjected to a variable light intensity to mimic light leakage through

tunnel fans Effective photoperiod was 18L: 6D with a peak intensity of 35 Ix
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Table 3: Influence of fan induced photoperiod on selected blood plasma enzymes activities of male broilers reared to 63 day of age'

Days

35 63
Enzyme assays baseline Contant? Variables? SEM p-value
Alanine aminotransferase (ALT), U L' 3.45° 2.15b 2.190 1310 0.025
Alkaline phosphatase (ALP), U L' 134172 954.93° 1063° 139.230 0.044
Amylase (AMYL), U L™ 495.65° 438.07° 43457° 12.850 0.042
Aspartate aminotransferase (AST), U L™ 256.23° 329.33¢ 408.43° 56.060 0.015
Creatine kinase (CK), U L™ 21,362.0¢ 25,593.0° 21,578.0° 379.580 0.031
Gamma-glutamyl transferase (GGT), U L~ 10.256° 12.567° 13.700° 0.743 0.014
Lactate dehydrogenase (LDH), U L~ 984.73° 1,221° 1,3252 20.010 0.035
Lipase (LIP), U L™ 19.56° 13.35° 11.733° 1.938 0.024

»bMeans within a row not sharing a common superscript are significantly different at p<0.05, 'Table values are least square means of eight replicate pens for each
treatment, 2Constant = Broilers subjected to a constant light intensity of 2.5 Ix, 3Variable = Broiler subjected to a variable light intensity to mimic light leakage through

tunnel fans, Effective photoperiod was 18L: 6D with a peak intensity of 35 Ix

comparison to those at 35 days of age had higher levels of ALB
(p<0.018), CREAT (p<0.038), TP (p<0.032), CHOL (p<0.028) and
LDL-C (p<0.004), TRIG, (p<0.002) along with reduced levels of
plasma UA (p<0.003) and HDL (p<0.016). There were no
effects of treatment or age noted on TBILI. The influence of
treatment and age on blood plasma enzymes activities are
presented in Table 3. In comparison with broilers reared
under C treatment, broilers reared under the V treatment
only had lower activity levels of CK. Broilers reared up to 63
days of age in comparison to those at 35 days of age had
higher enzyme activity levels of AST (p<0.015), CK (p<0.031),
GGT (p<0.014), land LDH (p<0.035) along with reduced
activity levels of ALT (p<0.025), AMYL (p<0.042) and LIP
(p<0.024).

DISCUSSION

The live performance and processing yields results of
male broilers reared to 63 days of age that were exposed to
either ‘C’ or 'V’ treatments indicated that feed consumption
and feed conversion were significantly increased for the V'
light treatment birds but, BW gain and mortality were not
different between treatments, indicating that mitigating light
ingress may reduce feed requirements’s. The present study in
which the same individual birds, treatments and conditions
were used indicated that baseline acid-base status of broilers
reared under the V treatment had only significantly lower
levels of pH, Ca%*, K* and higher levels of angap in comparison
with broilers reared under the C treatment. However, these
blood variables values were within normal physiological
ranges. There was a major influence of broiler age on the
variables examined. The levels of most examined blood
physiological variables at 63 days of age differed significantly
from those at 35 days. There was a significant increase in
venous pCO, with concomitant decrease in pO, in birds at
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63 days of age. This may have been due to tissue metabolism
requirement of the growing and mature birds, while the small
increase in HCO;~ may have contributed to a shift toward
metabolic alkalosis. They would subsequently trigger
respiratory renal compensation via an increase in pCO? %, The
reduced pO, and sO, observed in broilers reared up to 63 days
of age, may be due to inadequate blood oxygenation and
hypoxemia, which may increase the risk of hypoxia2'. These
changes include reductions in systemic venous p0O,, sO, and
increased pCO, associated with a small increase in HCO;~ 22,
The combination of these changes may lead to acute
respiratory acidosis due to hydrogen ion (H*, acid)
accumulation. Modern broiler chickens are able to consume
large quantities of feed and grow rapidly due to genetic
selection, resulting in high oxygen demand. When oxygen
intake is low (low pO,, sO,) relative to BW, the heart essentially
pushes the blood through the lungs with more pressure to
increase the amount of oxygen available for the bird’s
metabolism. However, because both lung and cardiovascular
volume within lung tissue is fixed in birds, unlike in mammals,
a point is eventually reached whereby the lungs may no
longeraccommodate more blood being supplied by the heart
and this may have a negative effect on the body (poor
oxygenation). However, observed acid-base changes in the
present study remained within normal acid-base homeostasis
and physiological ranges for this species.

Although respiratory acidosis does not always have an
appreciable effect on plasma or serum electrolyte levels, it
may sometimes cause some small changes in Ca?" and K*
levels. As shown in Table 1 in this study, birds reared up to
63 days of age in comparison to those at 35 days of age had
higher K*, which may be associated with a higher BW, since K*
ion concentration have been shown to be involved in many
metabolic processes, including amino acid absorption and
transport, protein synthesis and acid-base balance®. It has
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been documented that K* is the monovalent cation which
regulates protein synthesis in the cell and that relatively small
decreases in intracellular K* result in a reduction in protein
synthesis?. It has also been reported that older birds have
higher blood Ca*" concentrations than younger ones®. A
significant decrease in plasma Cl= concentration may be
related to an increase in HCO,~ as part of an attempt to assure
electro-neutrality according to Stewart’s theory of strong lon
difference (SID). In this case, after a pulmonary response to
increasing pCO,, renal response starts in an effort to regulate
Na* and (I~ ion concentrations which are major SID
determinants. The subsequent Na*, CI" and K* levels were
significant difference in the two age groups where Na*and CI°
concentrations were higherin 35 days old broilers, whereas K+
concentrations were higher in 63 days old broilers.

There was no effect of treatment noted on any of the
selected blood plasma biochemistry variables. However, in
comparison to those boilers at 35 days of age, boilers at
63 days of age had higher levels of ALB, CREAT, TP, CHOL, LDL,
TRIG and lower levels of BUN, UA and HDL. It has been
documented that certain plasma and serum biochemical
variables including ALB, TP and CHOL levels were lower in
younger broiler chickens in comparison to adult birds®. The
levels of TP have been reported to be influenced by age,
environment and physiological state, among other factors?.
In addition, the age-related increases in TP concentrations
may be the reflection of a more prolific protein synthesis
process as the birds grow older. Albumin constitutes a large
part of the protein fraction of plasma and the age-related
changes in ALB values in the present study were consistent
with those of TP, since ALB will increase when protein intake
increases. This specifically occurs after the protein requirement
for maintenance and growth is met. In the present study, the
concentration of CREAT increased with age, which is similar to
other reports?. It has been reported that the CREAT
concentration is directly proportional to muscle mass, which
is further related to age and physical activity?. In addition,
Bell?® indicated that 50% of the calcium present in blood is
bound to ALB, which may explain the higher concurrent TP,
ALB and Ca?* levels in broilers at 63 days of age. The higher
levels of CHOL, LDL and TRIG observed in 63 days old broilers
have been reported in other studies?. These higher values
correspond to their low mobilization by tissues and to their
intense synthesis by the liver®, On the other hand, the lower
TRIG and CHOL levels at 35 days of age may be due to the
bird's high energy requirement at that age in association with
an increase in the rate of body development®. In the present
study, levels of UA decreased with age, which agrees with
other studies®?. Any changes in protein catabolism are mainly
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reflected in serum UA concentrations. Earlier studies on
poultry revealed age-dependent changes in blood UA
concentrations and a direct relationship between the amount
of ingested protein and serum UA levels has been reported®.
The decrease in the levels of UA observed in the broilers at
63 days of age in the present study is supported by the finding
of Szabo et a/®. In the present study, the change in diet from
finisher (29-42 days) to withdrawal (43-63 days) for older birds,
results in a significant decrease in plasma UA, which may be
duetoreduced protein percentage valuesin broiler of 63 days
of age diet? Szabo et a/?® and Bowes et a/3' showed a direct
relationship between the amount of ingested protein and
blood UA levels. Bowes et a/3' reported concurrent
concentrations of CREAT and BW weight in chickens and
suggested that CPK activity declines as metabolic rate
decreased. Similar to our results, Peebles et a/*? also detected
the tendency of HDL levels to decrease with age in meat-type
chickens. Atendency of serum TRIG to increase with age, were
also observed in chickens by Peebles et a/®. The significant
increase in both TRIG and GLUC concentrations with age
observed in broilers at 63 days of age may be due to an
increase in BW in birds, as reported by Alonso et a/.34. The
relative decrease in metabolic rate at older age may result in
a reduced intake of GLUC and TRIG from the blood.

In the present study, the plasma activity of all (ALT, ALP,
AMYL, AST, CK, GGT, LDH and LIP) enzymes changed as a
function of broiler age. The plasma activities of AST, CK, GGT
and LDH progressively increased with age, which is consistent
with the observations of other studies®. These changes may
be due to an increase in liver metabolism and to significant
changesinmuscle development, as observed by Szabo eta/?.
On the other hand, the plasma activities of ALT, ALP, AMYL
and LIP decreased at an older age, which may due to
increased bone development. The significant age-dependent
activity of the plasma enzymes in the present study may be
due to the biochemical changes of different organ systems,
whose enzyme activities increase with age3. Tissue
development and modification during the growing period
could induce high plasma enzyme activity. For instance,
increased activity of ALP in 35 days old broilers may be due to
rapid bone development associated with osteoblastic activity
rather than liver injury. Alkaline phosphatase activity also
displayed high activity valuesin 35 days old broilers compared
with 63 days broilers, which is in agreement with Costa et a/?.
This enzyme is normally higher in young animals when bone
metabolism is intense relative to older animals. The higher
levels of LDH and K* in 63 days broilers may be a reflection of
their larger muscle mass. An age-related decrease in LDH
activity has been reported in chickens®. The more intense
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basal metabolism of 35 days old broilers could explain the
higher plasma activity of AMYL and LIP than 63 days old
broilers. Lower serum Ca*"and K* concentrations confirm this
hypothesis since it has been reported that when these enzyme
activities increase, Ca** and K* concentrations decrease®.
Finally, the values found for each selected variables (blood
physiological variables, plasma biochemistry and enzyme
activities) are in broad agreement with those reported in the
literature would be very useful in detecting not only
environmental welfare conditions of broilers but also
metabolic-nutritional disorders of broilers.

CONCLUSION

From a physiological perspective, the significant
age-related (days 35 and 63) variations of some selected blood
physiological variables, plasma biochemistry and enzyme
activities observed are in broad agreement with those
reported in the literature and contribute by enhancing our
knowledge of homeostasis variation and the range of various
blood metabolites in developing male broilers.

SIGNIFICANCE STATEMENTS

It was observed significant increases in FCR and feed
consumption for the V' lighting treatment under growth
performance as reported in the previous manuscript' and an
uncompromising welfare of these birds in the present study,
the authors suggest there may be a need to mitigate light
ingress through ventilation system components to improve
live performance of broiler chickens.

ACKNOWLEDGMENTS

The authors wish to express their appreciation to the
animal care staff and engineering technicians at USDA-ARS
Poultry Research Unit for their efforts during the conduct of
this experiment.

REFERENCES

1. Olanrewaju, H.A., J.P. Thaxton, W.A. Dozier lll, J. Purswell,
W.B. Roush and S.L. Branton, 2006. A review of lighting
programs for broiler production. Int. J. Poult. Sci., 5: 301-308.

2. Fairchild, B.,, M. Czarick, M. Hicks and C. Brown, 2016.
Broiler perception of lighting program day length in
tunnel-ventilated houses during hot weather. Poult. Sci.,
95:224-224.

294

3.

Olanrewaju, H.A,, J.L. Purswell, S.D. Collier and S.L. Branton,
2013.Interactive effects of photoperiod and lightintensity on
blood physiological and biochemical reactions of broilers
grown to heavy weights. Poult. Sci., 92: 1029-1039.

Ognik, K. and M. Krauze, 2016. The potential for using
enzymatic assays to assess the health of Turkeys. World's
Poult. Sci. J., 72: 535-550.

Olanrewaju, H.A., J.P.Thaxton, W.A. Dozier llland S.L. Branton,
2007. Electrolyte diets, stress and acid-base balance in broiler
chickens. Poult. Sci., 86: 1363-1371.

Kral, 1. and P. Suchy, 2000. Haematological studies in
adolescent breeding cocks. Acta Veterinaria Brno,
69: 189-194.

Olanrewaju, H.A,, S. Wongpichet, J.P. Thaxton, W.A. Dozier IlI
and S.L. Branton, 2006. Stress and acid-base balance in
chickens. Poult. Sci., 85: 1266-1274.

Ross, J.G., G. Christie, W.G. Halliday and R.M. Jones, 1978.
Haematological and blood chemistry comparison values for
clinical pathology in poultry. Vet. Rec., 102: 29-31.

Brobst, D., 1975. Evaluation of clinical disorders of acid-base
balance. J. Am. Vet. Med. Assoc., 166: 359-364.

Gunnerson, KJ., 2005. Clinical review: The meaning of
acid-base abnormalities in the intensive care unit part
I-epidemiology. Crit. Care, 9: 508-516.

. Maddocks, S.A., AR. Goldsmith and I.C. Cuthill, 2002.

Behavioural and physiological effects of absence of ultraviolet
wavelengths on European starlings Sturnus vulgaris. ). Avian
Biol., 33: 103-106.

Sandercock, D.A., R.R. Hunter, G.R. Nute, M.A. Mitchell and
P.M. Hocking, 2001. Acute heat stress-induced alterations in
blood acid-base status and skeletal muscle membrane
integrity in broiler chickens at two ages: Implications for meat
quality. Poult. Sci., 80: 418-425.

Samour, J,, 2000. Avian Medicine. Mosby Inc., London,
pp: 170-218.

Siller, W.G. and P.A.L. Wight, 1978. The pathology of deep
pectoral myopathy of Turkeys. Avian Pathol., 7: 583-617.
Hudecki, M.S., S.P. Povoski, C.C. Gregorio, J.A. Granchelli and
CM. Pollina, 1995. Efficacy of drug regimen exceeds
electrostimulation in treatment of avian muscular dystrophy.
J. Applied Physiol., 78: 2014-2019.

Purswell,JL.and H.A. Olanrewaju, 2017. Effect of fan induced
photoperiod on live performance and yield of male broiler
chickens. J. Applied Poult. Res., 26: 236-239.

NRC., 1994. Nutrient Requirements of Poultry. 9th Edn.,
National ~Academy Press, Washington, DC.,, USA,
ISBN-13: 9780309048927, Pages: 155.

NRC., 1996. Guide for the Care and Use of Laboratory Animals.
The National Academies Press, Washington, DC, USA,
ISBN-13: 9780309053778, Pages: 125.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Int. J. Poult. 5ci, 16 (8): 288-295, 2017

SAS.,2008.SAS Proprietary Software Release 9.2. SAS Institute
Inc., Cary, NC,, USA.

Korte, M., A. Sgoifo, W. Ruesink, C. Kwakernaak, S. van Voorst,
C.W. Scheele and H.J. Blokhuis, 1999. High carbon dioxide
tension (PCO,) and the incidence of cardiac arrhythmias in
rapidly growing broiler chickens. Vet. Rec., 145: 40-43.
Prakash,E.S.and T.Madanmohan, 2006. What does one mean
by arterial blood oxygenation? Adv. Physiol. Educ., 30: 46-47.
Wideman, R.F.,,M.R.Fedde, C.D.Tackettand G.E. Weigle, 2000.
Cardio-pulmonary function in preascitic (hypoxemic) or
normal broilers inhaling ambient air or 100% oxygen. Poult.
Sci., 79: 415-425.

Hamm, L.L., KS. Hering-Smith and N.L. Nakhoul, 2013.
Acid-base and potassium homeostasis. Semin. Nephrol.,
33:257-264.

Lubin, M. and H.L. Ennis, 1964. On the role of intracellular
potassium in protein  synthesis.  Biochim. Biophys.
Acta-Specialized Sect. Nucl. Acids Relat. Subj., 80: 614-631.
Costa, N.D., D.E. McDonald and R.A. Swan, 1993. Age-related
changes in plasma biochemical values of farmed emus
(Dromaius novaehollandiae). Aust. Vet. J., 70: 341-344.

Bell, D.J., 1971. Plasma Enzymes. In: Physiology and
Biochemistry of the Domestic Fowl, Bell, D.J. and B.M.
Freeman (Eds.). Academic Press Inc., London, pp: 964-972.
Arzour-Lakehal, N., C. Benlatreche, A. Boukerrou and B. Siliart,
2015. Effect of age on selected plasma indices of biochemical
and mineral metabolism in two strains of broiler chickens.
Int. J. Poult. Sci., 14: 411-419.

Szabo, A., M. Mezes, P. Horn, Z. Suto, G.Y. Bazar and
R. Romvari, 2005. Developmental dynamics of some blood
biochemical parameters in the growing turkey (Meleagris
gallopavo). Acta Veterinaria Hungarica, 53: 397-4009.

Oguz, H., F. Kurtoglu, V. Kurtoglu and Y.O. Birdane, 2002.
Evaluation of biochemical characters of broiler chickens
during dietary aflatoxin (50 and 100 ppb) and clinoptilolite
exposure. Res. Vet. Sci., 73: 101-103.

30.

31.

32

33.

34.

35.

36.

37.

38.

Almeida, J.G.,, S.L. Vieira, B.B. Gallo, O.R.A. Conde and
A.R. Olmos, 2006. Period of incubation and posthatching
holding time influence on broiler performance. Rev. Bras.
Cienc. Avic., 8: 153-158.

Bowes, V.A, RJ. Julian and T. Stirtzinger, 1989.
Comparison of serum biochemical profiles of male broilers
with female broilers and White Leghorn chickens. Can. Vet.
Res., 53:7-11.

Peebles, E.D., J.D. Cheaney, J.D. Brake, CR. Boyle and
M.A. Latour, 1997. Effects of added dietary lard on body
weight and serum glucose and low density lipoprotein
cholesterol in randombred broiler chickens. Poult. Sci.,
76:29-36.

Peebles, E.D., J.D. Cheaney, J.D. Brake, C.R. Boyle, M.A. Latour
and C.D. McDaniel, 1997. Effects of added lard fed to broiler
chickens during the starter phase. 2. Serum lipids. Poult. Sci.,
76:1648-1654.

Alonso, J.C, V. Huecas, JA. Alonso, M. Abelenda,
R. Munoz-Pulido and M.L. Puerta, 1991. Hematology and
blood chemistry of adult white storks (Ciconia ciconia). Comp.
Biochem. Physiol. Part A: Physiol., 98: 395-397.

Agawane, S.B. and P.S. Lonkar, 2004. Effect of probiotic
containing Saccharomyces boulardii on experimental
ochratoxicosis in broilers: Hematobiochemical studies. J. Vet.
Sci., 5: 359-367.

Cilliers, S.C,, JJ. du Preez, JS. Maritz and J.P. Hayes,
1995. Growth curves of ostriches (Struthio camelus)
from Oudtshoorn in  South Africa. Anim. Sci.,
61:161-164.

McDaniel, L.S. and H.L. Chute, 1961. Enzyme activity levelsin
chicken plasma. Am. J. Vet. Res., 22: 99-103.

Bertoni, G. F.P. Cappelli, A. Baldi, A. Borghese and
E. Duranti et a/, 2000. Interpretation of metabolic profiles in
farming animals. Prog. Nutr., 2: 51-76.

This article was prepared by a U.S. Government employee as part of official duties and cannot be copyrighted. Mention of trade names or commercial products in this
publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the USDA

295



	IJPS.pdf
	Page 1


