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ABSTRACT

Sample storage and fasting times leads to some changes of blood metabolites in broilers.
Therefore, a study was conducted with the aim to assess the influence of storage and
fasting times in serum and plasma fractions on glucose, total cholesterol, triacylglycerols,
Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), and Gamma-
Glutamyl Transferase (GGT) concentrations in broilers. A total of 70 male broiler
chickens fasted at 7 times (0, 2, 4, 6, 8, 10, and 12 hours) to collect blood fractions (serum
and plasma) stored at -20°C for 0, 30, and 60 days. Glucose and GGT were affected by
fasting timesxblood fraction. Serum glucose concentration decreased linearly (= 2.48 mg
dL™"), whereas total cholesterol and plasma GGT increased linearly (= 0.92 mg dL' and =
0.19 TU L, respectively) with fasting time. There was a quadratic effect on plasma
glucose and serum GGT (maximum at 3.95 hours and minimum at 5.22 hours of fasting,
respectively), and triacylglycerol (minimum at 8.75 hours of fasting) and ALT
concentrations (maximum at 8.45 hours of fasting). Glucose, total cholesterol, AST, ALT,
GGT concentrations were higher in serum, while triacylglycerol was higher in plasma.
Glucose concentration had the lowest values at 30 days, while ALT was higher on day 0.
However, GGT concentrations were lower on days 0 and 30. Samples of plasma for
glucose, ALT, and GGT stored at -20°C for long periods should be avoided. In addition,
serum samples and 6 hours fasting are recommended for the assessment of blood
biochemical metabolites in broilers.

Keywords: Biochemical metabolites, Blood fractions, Liver enzyme of broilers, Poultry
research.

INTRODUCTION assess bird  performance,
satisfactory  feed conversion

promoting

The assessment of biochemical parameters
in poultry research can be better targeted,
allowing the measurement of the
concentration of several blood biochemical
constituents that can be used as indicators of
metabolic disorders, nutritional status, and in
the diagnosis of diseases. Experiments
involving broiler chickens commonly aim to

compromising the metabolism and health
integrity of the birds. The changes that occur
in the metabolism of birds can be caused by
the inclusion of ingredients, additives,
chemotherapeutics, or other components of
the diet (Hagan ef al., 2022), in addition to
environmental effects, which can alter the
nutritional status and health of the animals.
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Therefore, blood biochemical assessments
are an important tool for the diagnosis of
diseases and metabolic disorders, providing
efficient, fast, and safe diagnoses.

According to Gattani et al. (2016), the
measurement of blood concentrations of
glucose, total cholesterol, triacylglycerol,
Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), and Gamma-
Glutamyl Transferase (GGT) activities can
be used to aid in the diagnosis of numerous
metabolic disorders in broiler chickens.
However, there is a wide divergence in the
conditions under which blood samples are
taken for analysis, as well as no
standardization of the postprandial fasting
period performed before blood collection.
Cordova-Noboa et al. (2018) did not fast
birds to collect blood samples, but Sadeghi
et al. (2014), Behboudi ef al. (2016), Zakaria
et al. (2017), and Swarna et al. (2018)
performed fasting between 2 to 12 hours
prior to sample collection. Taking into
account these variations in fasting times, it is
not possible to state that the results obtained
in biochemical blood analyses will not be
influenced by a long postprandial fasting
period, as recently demonstrated in a study
conducted by Wachholz et al. (2023).

Biochemical parameters can be measured
in serum samples, or plasma obtained with
the use of anticoagulants. The difference
between these two processes is that, in
plasma, a larger volume of supernatant is
obtained compared to serum (Lumeij, 2008).
Some divergence in the use of serum or
plasma in research results in a lack of
standardization of results. Some authors
used samples of serum to measure blood
biochemical parameters (Chand et al., 2018;
Gilani et al., 2018; Rehman et al, 2018;
Subhani et al., 2018), while others assessed
in plasma (Sharideh et al., 2016; Yang et al.,
2017; Zhang et al., 2017; Kim et al., 2019).

Regarding the storage times that each
sample can be subjected to before the
biochemical analyses, it is important to
consider that the samples will usually be
collected at different times from the day of
analysis. This is because factors such as
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distance between the laboratory and the
experimental facility, time to obtain
sufficient volume of samples, and
transportation period can delay the date of
the measurements of the biochemical
variables in blood (Livesey et al, 2008).
This is supported by the study conducted by
Wachholz et al. (2023), who assessed the
effect of time and storage condition on
biochemical metabolites in serum or plasma
samples of broiler chickens, and observed
significant changes in the concentrations of
glucose, total cholesterol, triglycerides,
AST, ALT, and GGT.

This study was conducted based on the
hypothesis that both independent variables
tested can significantly alter blood
metabolite concentrations and the results in
broiler chicken experiments. Therefore, this
study aimed to assess the influence of
storage and fasting times in serum and
plasma fractions on the concentrations of
glucose, total cholesterol, triacylglycerol,
AST, ALT, and GGT in broiler chickens.

MATERIALS AND METHODS

Place of Study, Birds, Handling,
Housing, and Diets

The present study was conducted at
Universidade Estadual do Oeste do Parana
(Unioeste), Marechal Candido Rondon, PR,
Brazil. The University Animal Ethics
Committee approved the experiment under
number 23/20. A total of 70 45-day-old
Cobb 500® male broiler chickens were used,
with an average body weight of 3,072+859
g. The birds were raised from 1 to 42 days of
age, receiving water and diet ad libitum, and
the same care in management, lighting and
ambient temperature recommended by the
lineage manual. The diets for each phase
(starter, grower, and finisher) were corn-
soybean based supplemented with industrial
amino acids, isonutritional and isoenergetic,
and according to the nutritional requirements
proposed by Rostagno et al. (2017).
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At 42 days of age, the birds were assigned
in a completely randomized design in 7 pens
replicates (1.76 m?), with a masonry floor
covered with 10 cm of pine wood shavings.
Each pen was composed of 10 birds and a
density of 5.7 birds per m*. The pens were
equipped with a tubular feeder and nipple
drinkers. The facility was equipped with
electrical elements, hoods, evaporative pads
to assist cooling and air exchange.

Blood Sampling, Preparation and
Analysis

After 3 days of adaptation at 45 days-old,
the birds were fasted for 1 h, then, fed for 30
min. This procedure was adopted so that all
birds had the same postprandial feeding
condition. After this period of feeding, the
first blood collection was performed. At
every 2-hour interval, within a total period
of 12 hours (0, 2, 4, 6, 8, 10, and 12 hours of
fasting), blood was collected by puncture of
the ulnar vein from 1 bird per pen (n= 7
birds per fasting time randomly selected).
Every 7 birds were used only for a single
sampling at a given fasting time. Blood
collection was performed with the birds in
the decubitus position lateral, using specific
vacuum collection tubes (Vacutainer”™,
Curitiba, PR, Brazil) with a capacity of 10
mL, specific adapter and 25%0.8 mm needles
(21G 17) (Labor Import brand, Maringa, PR,
Brazil).

Two tubes of approximately 4 mL each
were collected within the allowable for
species and body weight (Kelly and
Alworth, 2013). The first blood sample was
collected to obtain the serum in a tube (BD
Vacutainer”, Curitiba, PR, Brazil) with clot
activator (silica powder) blasted on the tube
wall to accelerate the process of coagulation.
The second sample collected was to obtain
plasma in a tube (BD Vacutainer”, Curitiba,
PR, Brazil) with 5 mg of sodium fluoride as
a glycolysis inhibitor and 4 mL EDTA-K;
anticoagulant. These two draws collected
per bird were consecutive. After collection,
the samples remained for 15 minutes at
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room temperature in a horizontal position
and then were centrifuged (Centrifuge Kasvi
K14-4000, Kasvi, Sdao Paulo, SP, Brazil) at
2,500 g for 10 minutes at room temperature.

After centrifugation and separation of
serum and plasma, the samples were
identified and divided into three aliquots as
technical triplicates, which were placed in 2
mL  microtubes  (Eppendorf®  brand,
Minispin®, Hamburg, Germany). An aliquot
was immediately sent to the laboratory for
analysis. The other aliquots (two microtubes
as technical duplicates) were stored at -20°C
for times of 30 and 60 days for further
analysis (Wachholz ef al., 2023).

Within each storage times, the samples
were thawed under refrigeration (4°C) and
kept in a refrigerator for 24 hours. Before
performing the analysis, the samples were
centrifuged in an Eppendorf microcentrifuge
(Eppendorf® brand, Minispin®, Hamburg,
Germany) to remove fibrin formation.
Biochemical analyzes were performed using
commercial kits and calibrators (Elical II
multiparametric  Calibrator, ref. CALI-
0550), and standard measurements for birds
(Elitrol I normal multiparametric control,
ref. CONT-0060) (Elitech Clinical Systems,
ELITech Group, Paris, France) in automatic

calibration  spectrophotometer  (Elitech®
brand, Flexor EL200 model, Puteaux,
France).

The determination of Glucose

concentration (Glucose PAP) was performed
by Trinder's method, enzymatic colorimetric
kinetic  (Trinder, 1969), while total
cholesterol was performed by Trinder's
method, enzymatic colorimetric endpoint
(Allain et al,1974), triacylglycerols
(Triglycerides SL  New), enzymatic
colorimetric endpoint (Fossati and Prencipe,
1982), AST and ALT were performed
according to International Federation of
Clinical ~ Chemistry  method  without
pyridoxal phosphate, kinetic, UV (Schuman
et al., 2002a, Shuman et al., 2002b). GGT
(GAMMA GT plus) was performed
according to Glupa-C substrate method,
kinetic (Schuman et al., 2002c).
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Statistical Procedures

Data were analyzed considering blood
fraction (serum and plasma), fasting (0, 2, 4,
6, 8, 10, and 12 hours) and storage times of
the sample (0, 30, and 60 days) as fixed
effects. Residual error was considered as a
random factor. Each bird belonging to the
same pen was considered an experimental
unit. Data were subjected to normality
analysis using the Shapiro-Wilk test.
Afterward, the two-way Analysis Of
Variance (ANOVA) was performed,
considering the isolated effects and
interactions between the studied factors:
fasting or storage timesx blood fractions
(serum and plasma) as fixed factors. All
tests were performed at 5% significance
level. In case of significance, F-test was
performed for the blood fraction, regression
analysis for fasting times (linear or quadratic
models), and Tukey's post hoc test for
storage times. The triple interaction was not
tested. All statistical procedures were
performed using the GLM procedure of SAS
University Edition.

RESULTS AND DISCUSSION

Glucose concentrations were influenced
by the interaction Dbetween fasting
timesxblood fractions (Table 1). Serum
glucose concentration decreased linearly
with fasting time, reducing = 2.48 mg dL”
every 2 hours of fasting. Total cholesterol
concentrations increased linearly with
prolonged fasting time, increasing = 0.92
mg dL" (Figure 1). There was a quadratic
effect on the concentrations of plasma
glucose, with maximum concentrations at
3.95 h of fasting, and on triacylglycerol
concentrations, with minimum concentration
at 8.75 h of fasting. Glucose and total
cholesterol concentrations were higher in
serum than in plasma, while triacylglycerol
concentrations were higher in plasma
compared to serum. Glucose concentrations
were influenced by storage times, with the
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lowest values at 30 days
compared to 0 and 60 days.

The linear decreasing effect shown in
serum glucose and quadratic for plasma
glucose is explained by the decrease of
glycogen in the liver not being enough to
maintain blood glucose concentrations,
causing its gradual reduction (Rodrigues et
al., 2017). The increase in total cholesterol
concentration and the decrease in
triacylglycerol is due to lipid mobilization,
as lipids enter the bloodstream and are,
consequently, transported by very-low-
density lipoproteins, causing a greater
circulation of total cholesterol in the blood
and, hence, the use of triacylglycerol by the
tissues (Lumeij, 2008).

In addition, blood concentrations of
triacylglycerols are also influenced by
fasting times, because when a negative
energy balance occurs, bird metabolism is
stimulated  to  mobilize  circulating
triacylglycerol to provide fatty acids and
glycerol via B-oxidation and glycolysis,
respectively, which are used for energy
production, lowering blood triacylglycerol
concentrations (Coelho et al., 2013). These
results are in agreement with Vosmerova et
al. (2010), who observed that birds exposed
to prolonged fasting times showed reduced
glucose and triacylglycerol concentrations.

The storage times of serum and plasma
can lead to a reduction in glucose
concentrations. The present study showed
variation in glucose concentrations caused
by storage even at -20 °C. This suggested
that the temperature used during storage was
not sufficient to keep glucose concentrations
stable for 60 days. The results of this study
corroborate with the findings of Cuhadar et
al. (2013) and Clark et al (1990), who
stored serum samples from humans at -20°C
for 30 and 60 days, and observed a decrease
in glucose concentrations.

The results observed for total cholesterol
and triacylglycerol demonstrate that these
analytes can remain stable for 60 days at a
temperature of -20°C without any change.
According to Stokes et al. (1986) and
Tiedink and Katan (1989), cholesterol and

of storage
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Figure 1. Serum and plasma concentrations of glucose, total cholesterol, triacylglycerol, alanine
aminotransferase and gamma-glutamyl transferase in broiler chickens at 45-day-old subjected to different

fasting times (R2: Coefficient of determination).

triacylglycerol present in plasma and
serum do not change their concentrations
stored at -20°C for 19 to 27 weeks. The
stability of triacylglycerol for long storage
periods was also observed by Shimizu and
Ichihara (2019) storing serum samples for 2
months at -20°C.

Although the differences found between
the concentrations of biochemical analytes
in the blood fraction are statistically
significant, Picheth ef al. (2001) reported
that these differences between fractions for
glucose do not represent chemically
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significant differences, pointing out that
both fractions can be used analytically for
glucose.

Gamma-glutamyl transferase
concentrations were affected by the
interaction between fasting timesxblood
fractions  (Table 2). Plasma GGT
concentrations increased linearly with
prolonged fasting time, increasing = 0.19 [U
L (Figure 1). There was a quadratic effect
on the concentrations of serum GGT, with a
minimum concentration at 5.22 hours of
fasting. In addition, there was a quadratic
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effect on ALT concentrations, with a
maximum concentration at 8.45 hours of
fasting. Aspartate aminotransferase, ALT
and GGT concentrations were higher in
serum than in  plasma.  Alanine
aminotransferase and GGT concentrations
were influenced by storage times. It was
observed that ALT concentration was higher
on day 0 compared to the other storage
times. However, GGT concentrations were
lower on days 0 and 30 than on day 60.

The quadratic response for ALT enzyme
activity corroborates the results described by
Veiga et al. (1978), who reported that
fasting time increases ALT concentrations in
birds due to the greater hepatic influx of
gluconeogenic substrates, but less correlated
with hepatic gluconeogenesis than AST
activity. The occurrence of a quadratic effect
with the increase in serum GGT
concentration, and the linear increase in
plasma GGT is because the metabolism of
the animals in prolonged fasting triggers the
protein catabolism and, consequently,
increases the transport of amino acids. This
highlights the main function of GGT, which,
according to Yu and Long (2016), has the
function of acting in the extracellular
environment by catalyzing the conversion of
glutathione into glutamate dipeptides or
cysteine.

Another metabolite stable to storage is
AST, which did not change its concentration
during the 2 months of storage at -20°C.
According to Kaneko et al. (2008), this
enzyme is stable to storage during freezing.
This response was also observed by
Thoresen et al. (1995) and Oliveira et al.
(2011), who studied the same enzyme, but in
blood samples from dogs and lambs,
respectively. However, ALT concentrations
tend to decrease with storage times (Kaneko
et al., 2008). This decrease in blood ALT
concentration is the result of enzyme
denaturation as reported by Ikeda et al
(2015) in a study conducted with human
blood samples, who observed enzyme
denaturation and a decrease in its
concentrations at -20°C due to its instability
at this temperature.
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Storage times can negatively interfere with
the results of blood analyses in experiments

because researchers can often make
conclusions based on results influenced by
storage times. The concentrations of

glucose, total cholesterol, AST, ALT, and
GGT evaluated in the current study were
higher in the serum sample compared to
those observed in the plasma. This higher
concentration in serum can be attributed to
the action that low molecular weight
anticoagulants, such as sodium fluoride, can
exert on the samples. The osmotic effect of
these anticoagulants tends to remove an
amount of water from inside the
erythrocytes and transfer it to the plasma,
which would cause a dilution of the plasma
concentrations of some metabolites (Alper et
al., 1974). According to Grande et al.
(1964), this can cause dilution of the plasma
constituents, resulting in lower values in this
blood fraction and, therefore, an
anticoagulant that does not interfere with the
analysis results should be chosen. In
addition, another important point to note is
that an osmotic redistribution between cells
and plasma can occur, and this can interfere
with the analytes results.

The use of sodium fluoride as an
anticoagulant can interfere analytically in
spectrophotometric assessments because this
anticoagulant can cause fibrin formation in
samples during their collection (Fernandez
et al, 2013; Al-Kharusi ef al., 2014; Bonetti
et al., 2016). Thus, after plasma separation,
the formation of hemolysis must be
observed, if possible, to perform a new
collection or make a higher centrifugal
force.

Gamma-glutamyl transferase
concentrations showed different effects on
blood fraction during the storage times. The
difference in GGT concentrations between
serum and plasma, as well as a decrease in
metabolite values in plasma analysis are due
to the use of sodium fluoride anticoagulant,
which reduces GGT activity (Burtis et al.,
2008).

Du et al. (2023) examined serum blood
metabolites in broilers at 49-day-old on
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restricted feeding and 16-h fasting and found
lower average values than our findings for
total cholesterol (67.14 vs. 136 mg dL™),
triacylglycerols (7.92 vs. 42 mg dL™"), and
glucose (151 vs. 233 mg dL"), and ALT
(2.06 vs. 9.51 TU L") compared to the 12-h
fasting in our study. However, the values for
AST (587 vs. 412 IU L") and GGT (24.78
vs. 22.59 IU L") were higher than those of
the present study. Corroborating the results
of the present study, Hagan et al. (2022)
reported serum reference values of 197 to
299 mg dL™' for glucose, 129 to 297 mg dL™!
for total cholesterol, and average values of
96.15 mg dL' for triacylglycerol
concentrations in 56-day-old Cobb and Ross
broiler chickens fasted for 12 hours.

Based on the criteria assessed in the
current study, the results indicated that the
determination of AST is not influenced by
the sample storage and fasting times. Total
cholesterol and triacylglycerol
measurements can be performed on samples
stored for up to 60 days at -20°C. Plasma
glucose, ALT, and GGT analyses stored at -
20°C for long periods should be avoided. In
addition, serum samples and 6 h fasting are
recommended for the assessment of blood
biochemical metabolites in broilers.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the
Coordenacdo de  Aperfeicoamento de
Pessoal de Nivel Superior (CAPES),
Fundacdo Araucaria and the Conselho
Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq).

REFERENCES

1. Al-Kharusi, A., Al-Lawati, N., Al-Kindi,
M. and Mula-Abed, W. A. 2014. Are Tubes
Containing Sodium Fluoride Still Needed
for the Measurement of Blood Glucose in
Hospital Laboratory Practice?. Oman Med.
J., 29: 404-409.

2. Allain, C. C., Poon, L. S., Chan, C. S.,
Richmond, W. F. P. C. and FU, P. C. 1974.

337

10.

11.

Enzymatic Determination of Total Serum
Cholesterol. Clin. Chem., 20: 470-475.
Alper, C. 1974. Specimen Collection and
Preservation. In: “Clinical Chemistry,
Principles and Techniques”, (Eds.): Henry,
R. J., Cannon, D. C. and Winkelman, J. W.
Harpper and Row Publishers, New York,
PP. 373-388.

Behboudi, H., Esmaeilipour, (0%
Mirmahmoudi, R. and Mazhari, M. 2016.
The Influence of Drinking Water
Containing Lemon Juice and Thyme
Supplemented Diet on Performance and
Some Blood Parameters of Broilers under
Heat Stress. Iran. J. Appl. Anim. Sci., 6:
169-174.

Burtis, C. A., Ashwood, E.R., Bruns, D. E.
and Sawyer, B. G. 2008. Tietz
Fundamentals of Clinical Chemistry. 6"
Edition. Saundres: St Louis, Missouri.
Bonetti, G. Cancelli, V., Coccoli, G.,
Piccinelli, G., Brugnoni, D., Caimi, L. and
Carta, M. 2016. Which Sample Tube
Should Be Used for Routine Glucose
Determination?. Prim. Care Diabetes, 10:
227-232.

Chand, N., Naz, S., Rehman, Z. and Khan,
R. U. 2018. Blood Biochemical Profile of
Four Fast-Growing Broiler Strains under
High Ambient Temperature. Appl. Biol.
Chem., 61: 273-279.

Clark, M. L., Humphreys, S. M. and Frayn,
K. N. 1990. Stability of Plasma Glucose
during Storage. Ann. Clin. Biochem., 27:
373-377.

Coelho, M., Oliveira, T. and Fernandes, R.
2013. Biochemistry of Adipose Tissue: An
Endocrine Organ. Arch. Med. Sci., 9: 191-
200.

Cuhadar, S., Koseoglu, M., Atay, A. and
Dirican, A. 2013. The Effect of Storage
Time and Freeze-Thaw Cycles on the
Stability of Serum Samples. Biochem.
Med., 23: 70-77.

Cordova-Noboa, H. A., Oviedo-Rondén, E.
0., Sarsour, A. H., Barnes, J., Sapcota, D.,
Lopez, D., Gross, L., Rademacher-
Heilshorn, M. and Braun, U. 2018. Effect
of Auanidinoacetic Acid Supplementation
on Live Performance, Meat Quality,
Pectoral Myopathies and Blood Parameters
of Male Broilers Fed Corn-Based Diets
with or without Poultry by-Products. Poult.
Sci., 97: 2494-2505.



Wachholz et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Du, P., Wang, H., Shi, X., Zhang, X., Zhu,
Y., Chen, W. and Huang, Y. 2023. A
Comparative Study to Determine the
Effects of Breed and Feed Restriction on
Glucose Metabolism of Chickens. Anim.
Nutr., 13: 261-269.

Fernandez, L., Jee, P., Klein, M. J., Fischer,
P., Perkins, S. L. and Brooks, S. P. 2013. A
Comparison of Glucose Concentration in
Paired Specimens Collected in Serum
Separator and Fluoride/Potassium Oxalate
Blood Collection Tubes under Survey
‘Field” Conditions. Clin. Biochem., 46:
285-288.

Fossati, P. and Prencipe, L. 1982. Serum
Triglycerides Determined Colorimetrically
with an Enzyme that Produces Hydrogen
Peroxide. Clin. Chem., 28: 2077-2080.
Gattani, A., Pathak, A., Kumar, A., Mishra,
V. and Bhatia, J. S. 2016. Influence of
Season and Sex on Hemato-Biochemical
Traits in Adult Turkeys under Arid Tropical
Environment. Vet. World, 9: 530-534.
Gilani, S. M. H., Zehra, S., Galani, S. and
Ashraf, A. 2018. Effect of Natural Growth
Promoters on Immunity, and Biochemical
and Haematological Parameters of Broiler
Chickens. Trop. J. Pharm. Res., 17: 627-
633.

Grande, F., Amatuzio, D. S. and Wada. S.
1964. Cholesterol Measurement in Serum
and in Plasma. Clin. Chem., 10: 619-626.
Hagan, J. K., Hagan, B. A., Ofori, S. A. and
Etim, N. N. 2022. Haematological and
Serum Biochemical Profiles of Two Broiler
Strains Fed Rations with Varying Levels of
Palm Kernel Oil Residue. Ghana. J. Anim.
Sci., 13: 30-41.

Ikeda, K., Ichihara, K., Hashiguchi, T.,
Hidaka, Y., Kang, D., Mackawa, M.,
Matsumoto, H., Matsushita, K., Okubo, S.,
Tsuchiya, T. and Furuta, K. 2015.
Evaluation of the Short-Term Stability of
Specimens for Clinical Laboratory Testing.
Biopreserv. Biobank, 13: 135-143.

Kaneko, J. J., Harvey, J. W., Bruss, M. L.
2008. Clinical Biochemistry of Domestic
Animals. 6th Edition. Academic Press, San
Diego.

Kelly, L. M. and Alworth, L. C. 2013.
Techniques for Collecting Blood from the
Domestic Chicken. Lab. Anim., 42: 359-61.
Kim, J. H., Choi, H. S., Goo, D., Park, G.
H., Han, G. P., Delos Reyes, J. and Kil, D.
Y. 2019. Effect of Dietary Melamine

338

23.

24.

25.

26.

27.

28.

29.

30.

31

Concentrations on Growth Performance,
Excreta Characteristics, Plasma
Measurements, and Melamine Residue in
the Tissue of Male and Female Broiler
Chickens. Poult. Sci., 98: 3204-3211.
Livesey, J. H., Ellis, M. J. and Evans, M. J.
2008. Pre-Analytical Requirements. Clin.
Biochem. Rev., 29: 11-15.

Lumeij, J. T. 2008. Avian Clinical
Biochemistry. In: “Clinical Biochemistry of
Domestic Animals”, (Eds.): Kaneko, J. J.,
Harvey, J.W. and Bruss, M. L. Academic
Press, San Diego, PP. 839-872.

Oliveira, F. S., Falbo, M. K., Sandini, I. E.
and Ishiy, L. E. 2011. Effect of Freezing
and Storage Time of Blood Serum of
Lambs in the Determination of Biochemical
Parameters. Semin. Cienc. Agrar., 32: 717-
722.

Picheth, G., Jaworski, M. C. G., Pinto, A.
P., Kikuti, M. Y., Scartezini, M., Alcantara,
V. M. and Fadel-Picheth, C. M. T. 2001.
Fluoride-Plasma Compared with Serum in
Blood Glucose Determination. Rev. Bras.
Andl. Clin., 33: 167-170.

Rehman, Z., Chand, N., Khan, R. U., Naz,
S. and Alhidary, 1. A. 2018. Serum
Biochemical Profile of Two Broilers Strains
Supplemented with Vitamin E, Raw Ginger
(Zingiber officinale) and L-Carnitine under
High Ambient Temperatures. S. Afr. J.
Anim. Sci., 48: 935-942.

Rodrigues, D. R., Café, M. B., Jardim
Filho, R. M., Oliveira, E., Trentin, T. C.,
Martins, D. B. and Minafra, C. S. 2017.
Metabolism of Broilers Subjected to
Different Lairage Times at the Abattoir and
Its Relationship with Broiler Meat Quality.
Arq. Bras. Med. Vet. Zootec., 69: 733-741.
Rostagno H. S., Albino L. F. T., Hannas M.
I., Donzele J. L., Sakomura N. K., Perazzo
F. G., Saraiva A., Teixeira M. L., Rodrigues
P. B., Oliveira R. F. D., Barreto S. L. D. T.
and Brito A. O. 2017. Brazilian Tables for
Poultry and Pigs: Food Composition and
Nutritional Requirements. 4th Edition.
UFV, Vigosa.

Sadeghi, A. A., Mohamadi-Saei, M. and
Ahmadvand, H. 2014. The Efficacy of
Dietary Savory Essential Oil on Reducing
the Toxicity of Aflatoxin bl in Broiler
Chicks. Kafkas Univ. Vet. Fak. Derg., 20:
481-486.

Schumann, G., Bonora, R., Ceriotti, F.,
Férard, G., Ferrero, C. A., Franck, P. F.,



Storage and Fasting Affect Metabolites in Broilers

32.

33.

34.

Gella, F. J., Hoelze, W., Jorgensen, P. J.,
Kanno, T., Kessner, A., Klauke, R.,
Kristiansen, N., Lessinger, J. M., Linsinger,
T. P. J.,, Misaki, H., Panteghini, M.,
Pauwels, J., Schiele, F., Schimmel, H. G.,
Weidemann, G. and Siekmann, L. 2002a.
IFCC Primary Reference Procedures for the
Measurement of  Catalytic  Activity
Concentrations of Enzymes at 37°C. Part 5.
Reference Procedure for the Measurement
of Catalytic Activity Concentration of
Aspartate-Aminotransferase [L-Aspartate:
2-Oxoglutarate-Aminotransferase ~ (AST),
EC 2.6.1.1]. Clin. Chem. Lab. Med., 40:
725-733.

Schumann, G., Bonora, R., Ceriotti, F.,
Férard, G., Ferrero, C. A., Franck, P. F.,
Gella, F. J., Hoelze, W., Jorgensen, P. J.,
Kanno, T., Kessner, A., Klauke, R.,
Kristiansen, N., Lessinger, J. M., Linsinger,
T. P. J.,, Misaki, H., Panteghini, M.,
Pauwels, J., Schiele, F., Schimmel, H. G.,
Weidemann, G. and Siekmann, L. 2002b.
IFCC Primary Reference Procedures for the
Measurement of  Catalytic  Activity
Concentrations of Enzymes at 37°C. Part 4.
Reference Procedure for the Measurement
of Catalytic Activity Concentration of
Alanine Aminotransferase [L-Alanine: 2-
Oxoglutarate Aminotransferase (ALT), EC
2.6.1.2]. Clin. Chem. Lab. Med., 40: 718-
724,

Schumann, G., Bonora, R., Ceriotti, F.,
Férard, G., Ferrero, C. A., Franck, P. F.,
Gella, F. J., Hoelze, W., Jorgensen, P. J.,
Kanno, T., Kessner, A., Klauke, R.,
Kristiansen, N., Lessinger, J. M., Linsinger,
T. P. J., Misaki, H., Panteghini, M.,
Pauwels, J., Schiele, F., Schimmel, H. G.,
Weidemann, G. and Siekmann, L. 2002c.
IFCC Primary Reference Procedures for the
Measurement  of  Catalytic  Activity
Concentrations of Enzymes at 37°C. Part 6.
Reference Procedure for the Measurement
of Catalytic Activity Concentration of -
Glutamyltransferase [(y-Glutamyl)-Peptide:
Amino Acid y-Glutamyltransferase (GGT),
EC 2.3.2.2]. Clin. Chem. Lab. Med., 40:
734-738.

Sharideh, H., Zhandi, M., Zaghari, M. and
Akhlaghi, A. 2016. Effect of Dietary Zinc
Oxide and Phytase on the Plasma
Metabolites and Enzyme Activities in Aged
Broiler Breeder Hens. Iran. J. Vet. Res., 9:
263-270.

JAST

339

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Shimizu, Y. and Ichihara, K. 2019.
Elucidation of Stability Profiles of
Common Chemistry Analytes in Serum
Stored at Six Graded Temperatures. Clin.
Chem. Lab. Med., 57: 1388-1396.

Subhani, Z., Shahid, M., Hussain, F. and
Khan, J. A. 2018. Efficacy of Chlorella
pyrenoidosa to Ameliorate the Hepatotoxic
Effects of Aflatoxin bl in Broiler Chickens.
Pak. Vet. J., 38: 13-18.

Stokes, Y. M., Salmond, C. E., Carpenter,
L. M. and Welby, T. J. 1986. Stability of
Total Cholesterol, High-Density-
Lipoprotein Cholesterol, and Triglycerides
in Frozen Sera. Clin. Chem., 32: 995-999.
Swarna, C. L., Srinivas, G. and Rao, S. V.
2018. Effect of Unsaturated to Saturated
Fatty Acids Ratio of Supplemental Fat in
the Diet with or without L-Carnitine on
Performance of Broiler Chicken. Indian J.
Poult. Sci., 53: 150-155.

Thoresen, S. 1., Tverdal, A., Havre, G. and
Morberg, H. 1995. Effects of Storage Time
and Freezing Temperature on Clinical
Chemical Parameters from Canine Serum
and Heparinized Plasma. Vet. Clin. Pathol.,
24: 129-133.

Tiedink, H. G. and Katan, M. B. 1989.
Variability in Lipoprotein Concentrations in
Serum after Prolonged Storage at -20°C.
Clin. Chim. Acta, 180: 147-155.

Trinder, P. 1969. Determination of Glucose
in Blood Using Glucose Oxidase with an
Alternative Oxygen Acceptor. Ann. Clin.
Biochem., 6: 24-27.

Veiga, J. A., Roselino, E. S. and Migliorini,
R. H. 1978. Fasting, Adrenalectomy, and
Gluconeogenesis in the Chicken and a
Carnivorous Bird. Am. J. Physiol. Regul.
Integr. Comp. Physiol., 234: 115-121.
Vosmerova, P., Chloupek, J., Bedanova, 1.,
Chloupek, P., KruzikovA, K., Blahova, J.
and Vecerek, V. 2010. Changes in Selected
Biochemical Indices Related to Transport
of Broilers to Slaughterhouse under
Different Ambient Temperatures. Poult.
Sci., 89: 2719-2725.

Wachholz, L., Genova, J. L., Polese, C.,
Broch, J., Savaris, V. D. L., Kohler, T. L.
and Nunes, R. V. 2023. Light Intensity,
Blood Fraction, Fasting and Storage Time
Affect Blood Biochemical Metabolites in
Broiler Chickens. Semin. Cienc. Agrar., 44:
2095-2112.



Wachholz et al.

45.

46.

47.

Yang, J. Y., Zhang, H. J., Wang, J., Wu, S.
G., Yue, H. Y., Jiang, X. R. and Qi, G. H.
2017.  Effects of Dietary  Grape
Proanthocyanidins on  the  Growth
Performance, Jejunum Morphology and
Plasma Biochemical Indices of Broiler
Chicks. Anim., 11: 762-770.

Yu, X. and Long, Y. C. 2016. Crosstalk
between Cystine and Glutathione Is Critical
for the Regulation of Amino Acid Signaling
Pathways and Ferroptosis. Sci. Rep., 6: 1-
10.

Zakaria, H. A., Jalal, M., Al-Titi, H. H. and
Souad, A. 2017. Effect of Sources and

48.

Levels of Dietary Zinc on the Performance,
Carcass Traits and Blood Parameters of
Broilers. Rev. Bras. Cienc. Avic., 19: 519-
526.

Zhang, Y. N., Wang, J., Qi, B., Wu, S. G,
Chen, H. R., Luo, H. Y., Yin, D. J,, Lu, F.
J., Zhang, H. J. and Qi, G. H. 2017.
Evaluation of Mango Saponin in Broilers:
Effects on Growth Performance, Carcass
Characteristics, Meat Quality and Plasma
Biochemical Indices. Asian-Australas. J.
Anim. Sci., 30: 1143-1149.

Sl (lowsdly g o0 g SLUE 9 LD Olo § g 41909 (5,15 Olo
3,105 oyl LEL pé g Ll ideS Sadzg>

S 370w 0 )3T (9 3 [Hloga gy 2 olS f3gm (5O Ugmuls  F9o5Tg Wl
Sl 155 13290 L0 s 3mi9 alldgy O3kt sl gls e bl Sty Sl
w9 blg 93,0, 9 fgi> pigd

oS
sledple )5 Sluss 4 = (fasting times) kil Loy 4 (storage times) 4 o S O
53 36 5 eSS Oby by Ooda b gl addlls cplply 358 o 258 Glaar g O
(AST) 3l il 3l Sl IS (65 JS g S S S Ly 5 o sla ST 3
fooma 53 b ool (238 Gla g 53 (GGT) 31ansl 5 ool gl WE 5 (ALT) 3l il 3 gial 39T
G5 S 0STh sl par sl (ol 1Y 500 AP Y ) g Vs 5 2dS e Ve
3 BEL s S 5ey B 5 ¥ Sk 4 3Ll ams =Y les 3 oS (Ll 5 )
cble . 8 3 (fasting timesx blood fraction) O g .S x ik Ol ,.;L <o GGT 5 S8
4 LoDy GGT 5 IS Jg dS” 8" Jlom 53 (ZV.FAME AL DL 20l s &5 4 e SHE
e3> s HL(EATULT 52 4y mg dL7) (g 4 3l hll b ol b s &5
D.YY 53 Jildo 5 Cole .80 55 ST 35 ) o GGT 5 Lewdly 5S4 (55, (quadratic effect)
(2ib Colw ALFD 53 5ST1us) ALT 5 (ib Coelu AV 3 J3lis) g el ol (65 5 (2EL sl
535S Jeol 55 535 e p v 53 GGT AALT (AST (S 2dS S8 il . ils 5
S o 35y 33 ALT &8 Il 55 (Sils |y jldie op 2aS ¥o 555 53 5558 cble Log 5Y0 Lwdl

340



Storage and Fasting Affect Metabolites in Broilers !JJA\b; ][‘

354 GGT 5ALT S8 (ol Lewdl (gls wgas 5l 39 28 ¥ 5+ (clays,y 53 GGT bake bl .y
U Sl man 39h Ol Wl s e (I SYsb Sk sl 5 Sl amys —Y (slas

24h o8 4o g AL Q.cb?;rﬂ&h«s}aj auzi}féu@ﬁ):o}édw}ﬁdhqﬁb

341



