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ABSTRACT

The present study aimed to evaluate increasing levels of fish waste oil in diets for laying hens on serum
biochemistry profile. 192 Hisex White laying hens at 29 weeks of age were used, with water and food ad
libitum. The experimental design was completely randomized consisting of eight treatments corresponding
to the inclusion levels of fish waste oil (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5%) in the diets, with four
replicates of six birds each. Data collected were subjected to polynomial regression at 5% of significance.
Significant differences (P<0.05) were observed in triglycerides, glucose, total cholesterol, and uric acid.
These parameters presented a decrease when hens fed diets with higher level of fish waste oil. The results
of the present study indicated that the inclusion of fish waste oil caused a significant effect in the serum
biochemical profile of laying hens, especially in glucose, triglycerides, total cholesterol, and uric acid
concentrations. The inclusion level of 3.5% of fish waste oil caused larger disequilibrium in the serum
biochemical profile of laying hens.

Keywords: albumin, alternative food, by-product, cholesterol, triglycerides
RESUMO

O presente estudo objetivou avaliar os niveis crescentes de 6leo de residuo de pescado em dietas para
poedeiras leves sobre o perfil bioquimico sérico. Foram utilizadas poedeiras Hisex White com 29 semanas,
com agua e ragdo ad libitum. O delineamento experimental foi inteiramente ao acaso, consistindo de oito
tratamentos correspondentes aos niveis de inclusdo de 6leo de residuo de pescado (0; 0,5; 1,0; 1,5; 2,0;
2,5; 3,0 e 3,5%) nas dietas, com quatro repeticGes de seis aves cada. Os dados coletados foram submetidos
a regressao polinomial a 5% de significancia. Diferencas significativas (P<0,05) foram observadas nas
concentracOes de triglicerideos, glicose, colesterol total e acido Urico. Esses parédmetros apresentaram
uma diminuicdo quando as aves se alimentaram com rag¢6es contendo maior nivel de 6leo do residuo de
pescado. Os resultados do presente estudo indicaram que a inclusdo de 6leo do residuo de pescado
acarretou um efeito significativo no perfil bioguimico sérico de poedeiras, principalmente nas
concentraces de glicose, triglicerideos, colesterol total e &cido Urico. O nivel de incluséo de 3,5% do 6leo
do residuo de pescado acarretou maior desequilibrio no perfil bioquimico sérico das poedeiras.

Palavras-chave: albumina, alimento alternativo, colesterol, subproduto, triglicerideos

INTRODUCTION

Feedstuffs of animal origin are an important
source of nutrients to animal diets. Fish by-
products represents one of the most important
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feedstuffs of animal origin used, represent up to
60% of the total that is produced and/or captured
per year by the aquaculture (Arvanitoyannis and
Kassaveti, 2008; Silva et al., 2017). The use of
fish waste as alternative food in poultry diets are


ELIANA SILVA
Texto digitado
http://dx.doi.org/10.1590/1678-4162-11704

Editora
Carimbo

ELIANA SILVA
Texto digitado
K.C.B.T.R. Brelaz
https://orcid.org/0000-0001-5976-3983
F.G.G. Cruz
https://orcid.org/0000-0001-9076-9849
J.P.F. Rufino
https://orcid.org/0000-0002-1605-5255
R.J.M. Brasil
https://orcid.org/0000-0002-8765-0780
A.F. Silva
https://orcid.org/0000-0003-3343-9530
A.N.A. Santos
https://orcid.org/0000-0002-1807-162X



Brelaz et al.

not an innovation in the poultry industry, mainly
due to these offer advantages to regions that
present barriers to grain logistics and high-cost
feedstuffs (Jafari et al., 2006; Cruz et al. 2016).

Fish oils are rich sources of omega-3 fatty acids
and poor sources of omega-6, and the contents of
linoleic acid are also low (Mariod et al., 2015).
Currently, omega-3 fatty acid-rich fish oil has
been widely used in food, pharmaceutical and
health products industry, especially on the
European and American market. At the same
time, scientists in the animal nutrition field hoped
to diversify the source of omega-3 fatty acid
alternative to fish products. Their investigations
also indicated that inclusion of various fish oil in
hen diets result in significant increase in yolk
omega-3 fatty acids (Dong et al., 2018).

The inclusion of various fish oil in hen diets may
result in a significant increase on fatty acids
content in yolk, producing the named "enriched
eggs" (Gonzalez-Esquerra and Leeson, 2000;
Cherian et al., 2002, 2007), a popular trend in the
worldwide market (Dong et al., 2018). The use of
fish oil in the poultry diets also reduce the
synthesis of fatty acids, making the bird
accumulate more energy for meat or egg
production, and increasing the level of long-chain
n-3 fatty acids in these products (Chanmugam et
al., 1992; Pinchasov and Nir, 1992). However,
this oil may also provide some organoleptic
problems that adversely affect the acceptability of
poultry products due to the peculiar odor and
flavor of fish that are transferred (Edwards and
May, 1965; Miller and Robisch, 1969; Pucci etal.,
2003).

Blood biochemistry is a very important tool to
evaluate the physiological condition of birds,
especially to verify how different situations may
affect the bird, for example the environmental
conditions, or effect of food in birds' metabolism
(Artacho et al., 2007; Schmidt et al., 2007; Huang
et al., 2018). In this sense, blood analyses are
widely used to monitor general health with
physiological processes in birds as part of efforts
to increase productive attributes (Cooper, 1998;
Naidoo et al., 2008; Han et al., 2011; Ortizo et al.,
2014). While interpreting data pertaining to blood
analyses for animals, it is possible to analyze how
the nutrition can affect the organism and transfer
organoleptic characteristics to their products
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(meat, eggs, among others) (Howlet et al., 1998;
Bailey et al., 1999). Thus, the objective of this
study was to evaluate increasing levels of fish
waste oil in diets for laying hens on serum
biochemistry profile.

MATERIAL AND METHODS

The experimental procedures were developed in
the facilities of the Poultry Sector, College of
Agrarian  Sciences, Federal University of
Amazonas, Manaus, Amazonas State, Brazil. All
procedures were approved by the Ethics
Committee in Use of Animals (protocol n.
012/2017) of Federal University of Amazonas.
The experimental period lasted 105 days, being
divided into five 21 day periods. The birds were
subjected to a previous adaptation period of seven
days to the diets and facilities. The aviary (17.0 x
3.5m) used had galvanized wire cages, trough
feeders, and nipple drinkers.

192 Hisex White laying hens with 29 weeks-of-
age were used. Birds were weighed in the
beginning of the experimental period to
standardize the plots, presenting an average
weight of 1.45+ 0.0025kg. The temperature and
relative humidity were recorded two times a day
(9:00 a.m. and 3:00 p.m.) using a digital term-
hygrometer positioned above the birds’ cage, and
presenting averages of 30.38°C and 67.13%,
respectively. The experimental design was
completely randomized constituted by eight
treatments corresponding to the inclusion levels
of fish waste oil (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and
3.5%) in the diets, with four replicates of six birds
each. Throughout the experimental period, 16
hours of the light/day (12 natural hours + 4
artificial hours) were provided to the birds.

The fish waste oil was from fish processing plant
of RIOMAR®, Itacoatiara town, Amazonas State,
Brazil. This product was obtained from pressing
of freshwater fish waste (head, bony structure,
fins, tissue, and visceral residue) in the industrial
level. The composition and fatty acids profile of
fish waste oil was determined in the CBO
Laboratories® (Campinas, Sdo Paulo, Brazil), and
its results are present in Table 1. The experimental
diets were formulated according to the nutritional
requirements of laying hens according to
Rostagno et al. (2017), using the composition
obtained for fish waste oil (Table 2).
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Table 1. Composition of fish waste oil

Components Composition
Palmitic acid (C16:0), % 29.01
Stearic acid (C18:0), % 9.62
Oleic acid (C18:1n9c), % 18.48
Linoleic acid (C18:2n6c) 4.39
Alpha Linolenic acid LNA (C18:3n3) 4,51
Arachidonic acid AA (C20:4n6) 3.09
Eicosapentaenoic acid 5,8,11,14,17- EPA (C20:5n3) 3.26
Docosahexaenoic acid DHA(C22:6n3) 4.20
Omega 3, % 12.79
Omega 6, % 8.57
Omega 9, % 20.37
Monounsaturated fat, % 28.92
Polyunsaturated fat, % 21.91
Unsaturated fat, % 50.83
Saturated fat, % 48.23
Humidity and volatiles, % 0.19
Ethereal extract, % 99.06
Acidity, % 13.38
Peroxide index, meq/kg 4.36
lodine index, meg/kg 85.37
Table 2. Diet compositions containing fish waste oil
Inaredients Fish waste oil (%)

g 0 0.5 1.0 15 2.0 2.5 3.0 3.5
Corn (7.88%) 65.0529  63.7356  62.5469  60.5696  58.2469 552459 543412  52.1422
Soybean meal (46%) 232198 232741 233068  23.1381  22.6938 225048  22.6845  22.0501
Wheat meal 0.0000 0.5000 1.0000 2.5000 5.0000 7.5000 7.5000 10.0000
Fish waste oil 0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000
Limestone 8.8070 9.0744 9.2352 9.3998 9.2005 9.4005 9.6488 9.5122
Dicalcium phosphate 1.9812 1.9760 1.9706 1.9520 1.9195 1.9095 1.8877 1.8568
Vit.min.supplement! 0.5000* 05000  0.5000*  0.5000'  0.5000*°  0.5000'  0.5000*  0.5000*
Salt 0.3500 0.3500 0.3500 0.3500 0.3500 0.3500 0.3500 0.3500
DL-methionine (99%) 0.0891 0.0899 0.0905 0.0905 0.0893 0.0893 0.0878 0.0887
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrient Nutritional levels
M.E., kcal.kg™* 2,7273 27367 27505 27505 27505 = 2,7457 27505 = 2,750.5
Crude protein, % 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000
Calcium, % 3.900 3.900 3.900 3.900 3.900 3.900 3.900 3.900
Awvailable phosphorus, %  0.450 0.450 0.450 0.450 0.450 0.450 0.450 0.450
Methionine, % 0.344 0.344 0.344 0.344 0.342 0.340 0.340 0.339
Met. +cystine, % 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600
Sodium, % 0.156 0.156 0.156 0.156 0.156 0.156 0.155 0.155

9uaranteed levels per kilogram of the product: Vitamin A 2,000,000 1U, Vitamin D3 400,000 1U, Vitamin E 2,400mg,
Vitamin K3 400mg, Vitamin B1 100mg, Vitamin B2 760mg, Vitamin B6 100mg, Vitamin B12 2,400mcg, Niacin
5,000mg, Calcium Pantothenate 2,000mg, Folic acid 50mg, Coccidiostat 12,000mg, Choline 50,000mg, Copper
1,200mg, Iron 6,000mg, Manganese 14,000mg, Zinc 10,000mg, lodine 100mg. Selenium 40mg. Vehicle g.s.p. 1,000g.

On the last day of the 21 day period, blood
samples for biochemical analyses were collected
from v. Subcutanea ulnaris of randomly selected
four birds of each treatment. The collected blood
was placed into heparin-treated tubes and serum
separator tubes, and serum was obtained from the
clotted blood in the serum separator tube after
centrifugation at 1,500 xg for 5min. The blood
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serum biochemical parameters analyzed were
total proteins, albumin, globulins, uric acid,
albumin  /globulins  (A/G  ratio),glucose,
triglycerides, and total cholesterol. These
parameters were determined using an electronic
spectrophotometer (ThermoMultiskanGo®).
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All data collected in this study were analyzed
using the gLM procedure of SAS (Statistical
Analysis System, v. 9.2) and estimates of
treatments were subjected to ANOVA and
subsequent polynomial regression analysis.
Results were considered significant at P<0.05.

RESULTS AND DISCUSSION

The results regarding of serum biochemistry
profile of laying hens fed diets with fish waste oil
are present in Table 3. Significant differences
(P<0.05) were observed in triglycerides, glucose,
total cholesterol, and uric acid.

A quadratic effect (P<0.05) was observed on
triglyceride concentration (y = -30.184x%> +
156.865x + 14.55; R2 = 0.70), where a significant
decrease in hens’ blood that fed diets with the
higher levels of fish waste oil (3.5%) was
observed. Physiologically, the most relevant
lipids in the organism are phospholipids,
cholesterol, triglycerides, and fatty acids.
Triglycerides presents three fatty acids linked to a
glycerol molecule, being one of most important
kinds of energy storage in the body, deposited in
adipose, and muscle tissues (Lehninger et al.,
2006; Sposito et al., 2007).

Table 3. Triglycerides (TRI), Total cholesterol (TCH), glucose (GLU), Total proteins (TPR), Albumin
(ALB), globulins (GLO), Albumin/Globulins ratio (A/G), and Uric acid (URA) concentrations in the blood
of laying hens fed diets with different levels of fish waste oil

Levels of inclusion of fish waste oil (%) p- R? CcVv
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 value %
TRI,mgdl™ 20832 20529 209.36 207.31 21515 214.63 199.84 3617 001  0.70° 14.60
TCHmgdl* 12612 15852 159.36 17652 168.60 17756 16542 22618 001  067° 599
GLUmgdl* 12673 16436 16651 15729 161.03 16029 17267 17592 001 057° 754
TPR,g.dI* 2.43 2.58 2.53 2.59 2.58 2.58 2,51 2.55 007 ns 2.80
ALB,g.dI* 1.22 1.26 1.38 1.33 1.28 1.36 1.28 1.22 036 ns 8.90
GLO,gdI* 1.22 1.32 1.15 1.27 1.30 1.22 1.23 1.33 061 ns 11.38
A/G 0.99 0.96 1.20 1.08 0.99 1.15 1.06 0.92 051 ns 19.45
URAmgdlt 231 2.01 2.65 2.38 3.05 2.31 2.26 4.99 0.01  052° 20.77
CV - Coefficient of Variation. Q — quadratic effect (P<0.05). ns - non-significant (P>0.05).
Triglycerides are synthesized in the intestinal constituent of cell membranes, being directly

mucosa and liver from the components of
digestion and absorption of fatty acid. Thus, their
concentrations may vary depending on factors
such as diet, sex and hormone concentrations
(Rezende, 2017). It is important to mention that
the main source of serum lipids is the dietary
lipids absorbed by the intestinal mucosa. The
amount and kind of food, fat profile present in the
food, among other factors, directly influence the
lipid concentrations in the blood (Silva et al.,
2012).

Total cholesterol concentrations presented a
quadratic effect (P<0.05; y = 1.2781x2 + 14.136x
+139.46; R? = 0.67), where laying hens fed diets
with 3.5% of fish waste oil presented higher total
cholesterol concentration than other treatments.
Cholesterol is the most common lipid in body
tissues and acts as a precursor in the synthesis of
steroid hormones, bile salts, and vitamin D.
Cholesterol circulates along the blood in free and
esterified form, being synthesized mainly in the
liver and transported to all cells in the body (Attie,
2007). Furthermore, the cholesterol acts as a
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related to their fluidity, and activation of their
enzymes (Duncan, 2000, Sposito et al., 2007).

The cholesterol values in the present study ranged
from 126 to 226.18mg.dI, being in accordance
with average values reported in the literature to
usual cholesterol levels in chickens can range
from 100 to 250mg.dI"* (Swenson and O'Reece,
1996; Lumeij, 2008). In some situations, elevation
of serum cholesterol may not be related to
pathological changes (Alonso-Alvarez, 2005).

On the other hand, a previous study developed by
Mendonca Jr. et al. (2000) evaluated the effect of
the inclusion of fish oil in the diet on serum lipid
levels in laying hens. The authors reported that
triglycerides and total cholesterol values no
presented difference between the treatments (six
levels of fish oil). In other studies using flaxseed
oil, sunflower oil and seaweed, products rich in
omega 3 and 6, no significant differences were
observed in the triglycerides and total cholesterol
concentrations in the blood of birds fed these diets

Arg. Bras. Med. Vet. Zootec., v.73, n.1, p.223-230, 2021
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(Ahmad et al., 2013; Neijat et al., 2016; Oliveira,
2018).

The glucose concentration results were
significantly larger (y = -2.7719x? + 8.534x +
146.29; R%? = 0.57) in laying hens fed diets
containing fish waste oil than the control diet. The
glucose values in this study presented average
results between 126.73 and 175.92mg.dI. These
values may be associated with the 12-hour fast
that the birds were submitted for blood collection.
It is important to mention that serum biochemical
profile may be influenced by nutritional status,
sex, age, habitat, season, reproductive status,
breeding, or environmental stress. In this sense,
hypoglycemia may be observed when glucose
levels are below 200mg.dl?, and may be
associated with prolonged fasting, severe liver
disease, septicemia or endocrine disorders.

However, the delay in the separation of serum or
plasma from cells does not significantly decrease
glucose concentration as in mammals, once the
bird erythrocytes use fatty acids and non-glucose
for their metabolism (Amand, 1986; Campbell,
2004; Campbell and Ellis, 2007). Previous studies
presented that the regulation of poultry glucose
metabolism is similar to mammals, being
influenced by insulin and  glucagon
concentrations, where a chicken may be present a
glucose concentration between 130 and 270mg.dI
L (Swenson and O'Reece, 1996). Some authors
also reported that in healthy birds glucose levels
may vary from 200 to 500mg.dI* (Schmidt et al.,
2007; Lumeij, 2008).

Serum concentrations of total protein, albumin,
globulin and albumin-globulin ratio were not
affected (P>0.05) by the inclusion of fish waste oil
in the diets, presenting a similar behavior between
the treatments evaluated. In this sense, it was
observed that crude protein levels of the diets
were sufficient to supply the maintenance and
production requirements of the birds. According
to Capitelli and Crosta (2013) this parameter may
vary from 1 to 10g.dlt, where the main factors
that affect these concentrations in birds are age,
seasonality, management conditions and disease
(Lumeij, 2008). The majority of proteins present
in plasma are synthesized by the liver and act to
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maintaining the blood volume through the
colloidal osmotic effect, participating in the
maintenance of blood ph, transporting of
hormones and drugs, participating in cell
coagulation, and catalyzing (enzymes) and
regulating (hormones) the biological processes.
These are indispensable in inflammatory and
immune reactions, and in the processes of tissue
regeneration (Melillo, 2013).

The uric acid concentrations presented a quadratic
effect (y = 0.3176x2 - 1.3436x + 4.4817 R? =
0.60), where birds fed diets with the higher level
of fish waste oil (3.5%) presented the higher
concentration of uric acid. Previous studies
pointed that normal uric acid levels for laying
hens may range from 2 to 7mg.dl. Increases in
these plasma levels are usually seen when the
kidneys work above 30% of their normal capacity
(Schmidt et al., 2007; Lumeij, 2008; Capitelli and
Crosta, 2013).

Normally, birds excrete small volumes of nitrogen
through uric acid as the main product of nitrogen
metabolism, constituting 60-80% of N excreted in
the urine (Thrall et al., 2004; Gonzélez and
Scheffer, 2003). Uric acid is synthesized in the
liver and Kidneys, being excreted from tubular
secretion,  regardless of  tubular  water
reabsorption. Thus, impaired in renal function
may increase to the concentration of uric acid in
the blood of the birds. Hyperproteic diets may also
cause this increase, or a massive tissue necrosis or
malnutrition (causing acceleration in protein
catabolism). Dietary restriction situations that
cause a mobilization of protein reserves may also
be related to increase of uric acid concentration in
the blood (Rajman et al., 2006).

CONCLUSIONS

The results of the present study indicated that the
inclusion of fish waste oil caused a significant
effect in the serum biochemical profile of laying
hens, especially in glucose, triglycerides, total
cholesterol, and uric acid concentrations. The
inclusion level of 3.5% of fish waste oil caused
larger disequilibrium in the serum biochemical
profile of laying hens.
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