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ABSTRACT: The aim was to evaluate the impact of supplementation with different protein sources
from agro-industrial production on the parasitological profile of ovine matrices and the development of their
offspring. The protein sources used were: soybean bran, cotton pie, babassu pie, and coconut pie. A total of 60
ovine matrices were used, with confirmed pregnancy and supplemented in the final third of gestation at 0.5% of
live weight in pastures of deferred Marandu grass. The evaluations occurred from the final third of gestation
and in the lactation phase until weaning. The data collected in the matrices were: counting of eggs per gram of
feces (EPG) and identification of infective larvae (Faecal test), evaluation of the degree of anemia by the
FAMACHA® method, body weight (kg), and body condition score (BCS). In the lambs, the biometric
measurements were taken from the 30 days of life until weaning. In Faecal test, the prevalence was 98% of
Haemonchus spp. There was no effect of the protein sources for EPG (3476.0) and FAMACHA®. However, in
the mats supplemented with coconut pie were observed the lowest body weights (36.9 kg) and lower BCS (2.7).
Babassu, coconut and cotton cakes, and soybean meal used as a protein source in the supplementation of ovine
matrices kept in deferred pastures of Marandu grass at the 0.5% level of live weight maintain the production

indexes consistent with the physiology stage of the matrices even with a high endo-parasitic load.
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INTRODUCTION

Sheep breeding for meat production has
expanded in the last decade, mainly due to the
increase in the demand for sheep meat in the market.
For this reason, there has been a search for
production systems able to produce, efficiently,
quality meat at low cost (MELO et al.,, 2017;
FERNANDES et al.,, 2017; TRINDADE et al.,
2018; EMERENCIANO NETO et al., 2018). Even
the same, the production chain of these animals in
Brazil is still incipient since this activity in most
properties is considered as secondary.

The poor performance is justified by the fact
that the ideal conditions of forage cultivation and
forage production of tropical forage grasses in
Brazil are not constant throughout the year, mainly
due to periods of low rainfall or other abiotic

factors. These conditions justify the use of pasture
management techniques such as deferral, which
consists in selecting a pasture area of the property
and exclude grazing, usually at the end of the rainy
season, so that forage accumulation occurs to be
grazed during the dry period (SANTOS et al,
2014).

Another relevant fact concerns health
management, more precisely gastrointestinal endo-
parasites, that is one of the main restriction of
grazing systems based on small ruminants
(GAUDIN et al., 2018). which cause growth
retardment, weight loss, decrease in forage intake,
milk production, fertility and increased cases of
anemia and diarrhea in animals (ROSALINSKI-
MORAES et al., 2012; SANTOS et al., 2017). The
cases of mixed and massive infections lead the
animal to death, especially in pregnant or lactating

Received: 14/05/18
Accepted: 20/11/19

Biosci. J., Uberlandia, v. 36, n. 2, p. 496-506, Mar./Apr. 2020

http://dx.doi.org/10.14393/BJ-v36n2a2020-39823



Impact of supplementation...

matrices that during this period present
immunosuppression due to the increase in
nutritional requirements (ROSALINSKI-MORAES
et al., 2012; BEASLEY et al., 2012; GAUDIN et al.,
2018). The use of anthelmintics treatments in the
control of gastrointestinal parasites in sheep
provides pressure for the selection of resistant
genotypes in parasite populations (KAHN et al.,
2003).

In addition, tropical forage grass in most
cases, when used as an exclusive source in the
ruminant diet, do not meet the requirements of the
species, even during periods of higher forage
production, which may compromise animal
performance (NRC, 2007). Thus, there is need to
establish nutrient supply strategies to increase the
energetic/protein density of the diet to minimize the
seasonal effects of forage production and high endo-
parasite load on pregnant or lactating females
(ROCHA et al., 2011).

Supplementation get in the system in order
to correct nutritional deficiencies, and in sheep
production, it minimizes the impact of endo-
parasitosis (HOUDIJK et al., 2009; ROCHA et al.,
2011; TORRES-ACOSTA et al., 2012; MELO et
al., 2017). The constant search for alternative feeds
to the soybean bran, which is the most used protein
concentrate in animal production systems, is
fundamental, especially in regions distant from
those producing grain.

Among the available industrial waste with
the potential to be used in animal feed are
cottonseed and babassu (ABDALLA et al., 2008),
and coconut pie, which in addition to presenting
themselves as potential food in ruminant nutrition, if
used, avoid the incorrect disposal in the
environment and minimizes on several fronts the
environmental impact of animal production and
industry.

However, little information is available on
the use of these residues in supplementation of
grazing matrices, and whether they are capable of
supplying nutrients to the animals without
compromising the development of the matrix, the
fetus and later the offspring, given the
immunological fragility of these animals during
gestation and lactation (ROCHA et al., 2011;
BEASLEY et al.,, 2012). Given the above, this study
aimed to evaluate the impact of supplementation
with different protein sources from agro-industrial
production on the parasitological profile of ovine
matrices and the development of their offspring.
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MATERIAL AND METHODS

Location and experimental period

The test was carried out at the Agricultural
Research Group (GEFOR), located in the
Specialized Academic Unit of Agricultural
Sciences, belonging to the Federal University of Rio
Grande do Norte - UFRN in Macaiba, RN, in the
East Potiguar mesoregion (5° 53” 35.12° South and
35° 217 47.03° West). The climate of the region is
characterized as dry sub-humid (Thornthwaite,
1948), during the experimental period, from
November 2016 to January 2017, accumulated
rainfall was 70 mm and the average temperature of
28 °C (INMET, 2017).

Animals

Sixty Santa Inés sheep aged between two
and four years with an initial mean weight of 44.9 +
4.0 kg breeders were submitted to a mating season
of 45 days, with a male / female ratio of one breeder
per 30 ewes. Pregnancy was diagnosed by
ultrasound 45 days after the end of the reproductive
season, and no anthelmintic treatment was used after
the pregnancy was confirmed. Of the 60 exposed
breeding ewes, 68 lambs were weaned at 60 days of
age, with an average weight of 17.44 + 3.3 kg.

Experimental design

After the diagnosis of pregnancy, the ewes
were allocated on deferred grazing of Brachiaria
brizantha cv. Marandu. In the final third of the
gestation were distributed in a completely
randomized design, with measures repeated over
time, with four treatments and 15 repetitions. The
treatments were the protein sources used in the
supplements: babassu pie, cotton pie, coconut pie,
and soybean bran. All evaluations occurred in the
last month of gestation (November) and during
lactation (December and January) until weaning, at
14-day intervals, characterizing measures repeated
over time.

Feed Management

The matrices were maintained during the
day (7 to 16 hours) in deferred pastures of
Brachiaria brizantha cv. Marandu and separated for
collective stalls at night. In the final third of
gestation, they began to receive concentrated
protein/energy supplement fixed at 0.5% of the live
weight. The energy source used was corn. The
supplements were iso-nitrogenated (Table 1) and
formulated to meet the requirements of the matrices,
according to NRC recommendations 2007.
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Table 1. Percentage of supplementation for the matrices in the final third of gestation until weaning and lambs
in the growth phase

Ground  Corn Protein source Mineral Supplement Urea Soy oil
(%) (%)* (%) (%) (%)
Soy concentrate 80.5 14.6 1.2 3.7 -
Cotton concentrate 72.5 221 1.2 4.2 -
Babassu concentrate 70.9 229 1.2 5.0 -
Coconut concentrate 68.3 255 1.2 5.0 -
Concentrate of lambs 66.0 29 5%* 3.0 - 1.5

* protein source according to the treatment (soybean, cotton, babassu, and coconut). ** soybean bran.

Table 2. Chemical composition of the ingredients used to formulate the diets of the ewes in the final third of
gestation until weaning and lambs in the growing phase.

Variable (g kg™) Ingredients

Soybean Babassu Coconut Cotton Corn
Dry mater 837.5 897.8 872.8 844.6 840.9
Mineral matter 63.1 48.9 35.0 45.1 8.5
Organic matter 936.9 951.1 965.0 954.9 991.5
Crude protein 477.8 168.9 160.2 286.4 74.3
Ether extract 25.5 71.7 275.1 45.5 50.5
Neutral detergent fiber 169.5 515.8 447.2 413.1 65.0
Acid detergent fiber 93.7 311.8 301.0 266.7 37.7
Lignin 4.3 924 97.0 83.7 7.1

After lambing, the matrices and their
offspring were kept on maternity picket for seven
days. After this period, the lambs were kept during
the day (from 7 to 16 hours) in pastures separated
from the mothers and managed in the controlled
feeding system. The lambs were supplemented with
concentrate (Table 1) formulated to meet the
requirements of growing lambs (NRC, 2007) with
consumption ad libitum, for which the leftovers
were kept around 10%.

Parasitic burden

The  parasitological  analyzes  were
performed by counting eggs per gram of feces
(EPG), according to the technique described by
Gordon and Withlock (1939) modified by Ueno and
Gongalves (1989). The stool samples were collected
directly from the animals' rectal bulb and placed in
plastic bags, sterile, duly identified, and conditioned
in isothermal boxes for transportation to the
laboratory for processing.

Stool cultures were performed from a pool
of samples from each group, following the method
described by Roberts and O'Sullivan (1950). The
infective larvae obtained were identified according
to the morphological characteristics described by
Keith (1953).

Degree of anemia

The degree of anemia of the matrices was
evaluated by the FAMACHA® method, using
visualization of the ocular mucosa color, with a
score of 1 to 5, according to coloration (bright red
and white, respectively). Animals with grade
FAMACHA® 1 or 2 are considered healthy, and
with FAMACHA® 3 or more are considered anemic
(VAN WYK; BATH, 2002).

Body weight and body condition score

On the same day of fecal collection, the
animals were weighed and evaluated individually
for body condition score (BCS). BCS evaluations
were performed by palpating the dorsal region of the
spine of the sheep (RUSSEL et al., 1969). In this
way, values from 1 to 5 were assigned, in intervals
of 0.5 where 1 represented a very lean animal and 5
a very fat animal.

Biometric measurements in sheep

The biometric measurements of the lambs
were performed from the 30 days of life with the aid
of a measuring flexible tape and a ruler adapted for
height measurement, with the animals arranged on a
flat surface. Body length (measured between the
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base of the neck and the tail insertion), height at
withers, rump height, chest width, croup width, girth
thoracic and girth abdomen were measured as
demonstrated by Cezar and Sousa (2007).

Statistical analyses

All variables were submitted to the Shapiro-
Wilker test to verify normality characteristics.
Because the variable EPG count did not have such
characteristics, it was converted using log'® (x + 1).
The data related to the matrices were submitted to
the variance analysis following the model: Yijk = p
+ Pi + aij + Fk + (P * F) ik + Bijk; Yijk = value
observed at protein source 1, repetition ],
physiological phase k; 1 = general average effect; Pi
= effect of protein source i, i = soybean, coconut,
cotton, and babassu; aij = effect of the random error
attributed to the plot; Fk = effect of physiological
stage k, k = final third of gestation, lactation and
weaning, (DP) ik = effect of interaction between
protein source and physiological stage; Bijk =
random error attributed to the subplot. In the
biometrics data of the lambs, the fixed effect that
composed the model was of the different protein
sources used in the diets of the matrices.

When meaningful by the F test, the effect of
the sources of variation and their interactions were
analyzed by the Tukey test, at 5% of significance. In
order to estimate the correlation between the
variables: live weight, body condition score, anemia
degree and eggs per gram of faeces, the Pearson
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(P<0,05).

RESULTS

phases

There was no

of the matrices were

independently.

Identification of infective larvae

The identification of infective larvae (L3),
revealed a mixed infection with the presence of the
following genera of nematodes: Haemonchus spp.,
Strongyloides
Oesophagostomum spp. Haemonchus spp. was the
most prevalent nematode in the herd with an
average prevalence of 98% regardless of the protein
source provided and the physiological phase of the
matrices. The prevalence of infection by other

spp., Trichostrongylus spp.,

species of nematodes in the herd was 2%.

Egg count per gram of feces

Protein sources did not affect EPG counts
(P= 0.5877). Although the ewes had high EPF
3476.0 eggs/gram of feces, independently of the
protein source, these values were significantly (P=
0.0397) lower when the matrices were in the final
third of gestation, higher during lactation and

intermediates at weaning (Figure 1).
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Figure 1. Egg counts per gram of feces (EPG) of ovine matrices in different physiological stages maintained in
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deferred pasture and supplemented with different protein sources.
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The degree of anemia was not influenced by

FAMACHA®©

4.01

3.51

3.01

2.51

the different protein sources used in the supplements
(P= 0.7075). It was also not altered (P= 0.5276)
during the different physiological stages of the
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matrices (Figure 2). The animals were classified as
anemic (FAMACHA®©>/= 3) independently of the
protein source provided and the physiological stage
of the matrices.
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Figure 2. Degree of anemia (FAMACHA®) of ovine matrices in different physiological stages maintained in

deferred pasture and supplemented with different protein sources.

Body weight and body condition score

There were significant differences in body

Body weight

weight (P= 0.0475) and BCS (P= 0.0220) of the
matrices supplemented with the different protein
sources, the lowest values were observed in the
animals that received coconut pie supplementation.
The matrices supplemented with the other protein

sources had similar body weight and BCS (Figures 3
and 4). The maternal body weight was higher during
the final third of gestation, and decreased with
physiological stages (P= 0.001), regardless of the
protein source used in the supplementation (Figure
3), while the BCS remained unchanged (P=0.2335).
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Different letters differ between treatments (P> 0.05).

Correlations

Body weight correlated positively with BCS
and negatively with FAMACHA®©, which in turn
correlated negatively with BCS (Table 3). EPG

showed no significant correlation with live weight
and BCS. The FAMACHA® degree had a positive
and significant correlation with EPG.

Table 3. Pearson correlation coefficient between body weight (BW), body condition score (BCS), degree of
anemia (FAMACHA®) and eggs per gram of feces (EPG)

BW BCS FAMACHA® EPG
BW 1
BCS 0.3800* 1
FAMACHA®  -0.1638* -0.4012%* 1
EPG 0.0432™ 0.0626™ 0.1519* 1

* significant (P<0.05); and ns: not significant, by the Pearson test.

Biometric measurements of lambs

Body length, chest width, croup width, and
girth abdomen of lambs at 30 days of age were not
affected by the protein sources of supplements
offered to the matrices (Table 4). The height at
withers and rump height limbs of the lambs at 30

days were higher (P<0.05) when the soybean bran
was used in comparison to the coconut pie as a
protein source in the supplement of the matrices.
While the largest girth thoracic was observed with
the use of soybean bran and cotton pie, and lower
when using coconut pie.

Table 4. Means of biometric measurements (cm) in vivo: in lambs from ewes supplemented with different

protein sources.

Variables Soybean Babassu Cotton Coconut SEM P-value
Body length 37.2 36.2 36.2 349 0.56 0.5680
Height at withers 43.5% 41.1% 40.6*® 39.3° 0.48 0.0453
Rump height 43.0° 40.9% 39.8® 39.8° 0.43 0.0367
Chest width 11.4 11.6 10.9 10.9 0.23 0.6735
Croup width 10.8 10.6 10.6 10.7 0.19 0.7431
Girth thoracic 48.8¢ 47.8%® 48.6* 44.5° 0.52 0.0241
Girth abdomen 50.1 50.3 51.6 46.9 0.66 0.7374

Averages followed by distinct letters on the line differ between them by Tukey test (P<0.05) SEM: Standard error of the mean.
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At 60 days postpartum, there was no effect
of the protein sources of the matrix supplements
(P<0.05) on the biometric measurements of the
lambs. Lambs from the matrices supplemented with
the coconut pie base protein presented lower
biometric measurements at 30 days, but these
differences disappeared until weaning at 60 days of
age.

DISCUSSION

Our hypothesis is that the use of different
protein sources in ovines matrices supplementation
would be able to minimize the effects of parasitism.
and that at least one of them could fully replace the
soybean meal.

Identification of infective larvae

Costa et al. (2011); Costa et al. (2017);
Melo et al. (2017) and Roberto et al. (2018), also
described the high prevalence of Haemonchus spp.
with values above 80% in the different populations
of sheep studied. Haemonchus spp. 1is a
hematophagous nematode that attaches mainly to
the abomasal mucosa and sucks blood, an adult
individual causes a removal around 0.05 mL/day
blood (Roberto et al., 2018b), for this reason,
therefore cause extravasation of epithelial cells,
depending on the degree of infection, promote
anemia, hypo-proteinemia, submandibular edema,
and mortality. It 1is also considered the
gastrointestinal nematode with the highest intensity
of infection due to its hematophagous habit and
presents high biotic potential (ROCHA et al., 2011;
SANTOS et al., 2017).

Egg count per gram of feces

The different protein sources provided at
the 0.5% level of live weight supplementation for
gestation and lactation matrices do not present
anthelmintic capacity. Rocha et al. (2011) also
found no influence of protein supplementation at
the end of gestation and lactation on the EPG
count. The high endo-parasitic burden (Figure 1)
shows that the matrices showed some degree of
relaxation of the periparturient immunity (ROCHA
et al., 2011; ROSALINSKI-MORAES et al., 2012;
BEASLEY et al., 2012; JIMENEZ-SANZ et al.,
2016).

In lactation, sheep matrices tend to be more
susceptible to gastrointestinal nematodes due to
increased demand for dietary metabolizable protein
due to udder formation and lactic synthesis
(ROSALINSKI-MORAES et al., 2012). Even the
same, during the final third of gestation, these
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animals tend to be more resistant to endo-parasites.
This fluctuation in the immunity of the matrices is
known as a decrease in immunity in the peripartum
(SHUBBER et al., 1981; BEASLEY et al., 2012),
causing an increase in the number of eggs of
helminths per gram of faeces (EPG) and of parasite
burden during lactation (PINTO et al., 2008).

In this sense, Houdijk et al. (2009) reported
that pregnant sheep supplemented with a diet rich
in metabolizable protein had lower EPG counts
than pregnant sheep supplemented with a diet low
in metabolizable protein. However, compared to
the sterile sheep, the supplemented ones still had 40
times more nematodes. These results indicate that,
even when supplemented, sheep will undergo some
degree of relaxation of periparturient immunity.

Degree of anemia

However, due to the lack of effect for EPG
and FAMACHA® also was not altered (Figure 2),
as there is a positive correlation between EPG and
FAMACHA® (ROSALINSKI-MORAES et al.,
2012, JIMENEZ-SANZ et al., 2016), especially
since the main parasite affecting the herd is
Haemonchus ssp. due to its hematophagous habit
(ROCHA et al., 2011). The possible presence of
resistant animals in the herd may have influenced
the absence of effect of the physiological stages on
the degree of anemia of the animals. Roberto et al.
(2018) when evaluating the resistance and
susceptibility to gastrointestinal nematodes in sheep
on pasture did not observe a significant correlation
between EPG and FAMACHA®, the authors
justified this fact to the great number of resistant
animals.

Body weight and body condition score

The effect of protein sources on body
weight and BCS (Figure 3 and 4) may be associated
with the high ethereal stratum content of coconut
pie (Table 2). Higher lipid intakes affect fiber
degradability (RODRIGUES et al., 2018), increase
rumen forage retention time, and promote
consumption reductions. This effect may have been
potentiated because pastures under deferred
conditions present higher fiber contents (SANTOS
et al., 2010).

The decrease in the body weight of the
matrices with the passage of the physiological
stages is expected because during gestation the
weight of the matrix is increased with the weight of
the fetus and the attachments and fetal fluids. This
fact also justifies the behaviour of BCS, since
weight loss during the physiological stages was not
primarily due to the mobilization of body reserves
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and muscle tissue. Despite the high endo-parasitic
burden, body weight and BCS behaved consistently
with the physiological phase of the ewe,
demonstrating that the protein sources used allowed
a greater intake of nutrients and minimized the
effects of the relaxation of the periparturient
immunity.

Correlations

As the animal FAMACHA® increases, a
reduction in BCS and body weight occurs (Table
3). BCS is a measure that indirectly evaluates the
degree of deposition of tissues (muscle and
adipose) in the animal, thus, as increases in tissue
deposition are observed, a greater weight gain is
observed too (MORTIMER et al., 2017).

In general, high endo-parasite burden is
associated with poor performance (TORRES-
ACOSTA et al., 2012; MELO et al., 2017). Even
the same, it was observed that EPG did not
correlate with BCS and body weight. This
observation may be explained by the possible
presence of resistant/resilient animals in the herd,
since these animals tend to maintain the weight
gain corresponding to the nutritional management
offered to them, since they do not have or do, in a
lesser extent, endo-parasites (AMARANTE et al.,
2004; ROCHA et al., 2011; ROBERTO et al.,
2018).

The high load of hematophagous endo-
parasites, being Haemonchus ssp. the most
prevalent genus (98%) in the herd promoted an
increase in the degree of anemia in the matrices.
Similar responses were reported by Abrdo et al.
(2010); Rosalinski-Moraes et al. (2012) and
Jiménez-Sanz et al. (2016), although with stronger
correlations, which reinforces the hypothesis of the
presence of resilient animals in the herd. The
average EPG of the matrices was 3476.0, and the
animals were classified with FAMACHA® 2 and 3,
and there was a sheep with 10.400 eggs/gram of
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feces, which was classified with FAMACHA®. In
more extreme cases, animals with EPG of 20.000
were classified with FAMACHA® 2 and 3.

Biometric measurements of lambs

Although there was no difference in the
body length of lambs fed to matrices supplemented
with different protein sources (Table 4), it is
important to highlight that these averages predict
the length of the loin and together with height and
weight of the animal maintains the relation with the
corporal  conformation. The  organoleptic
characteristics of the coconut may explain the
lower development of the biometric measurements
of the offspring of the matrices that received the
coconut pie supplement like a protein source in the
first 30 days (Table 3). The presence of the
endocarp allied to the high EE content may have
affected digestibility and dietary intake, as early as
60 days of lamb life these differences disappeared.
This result can be explained by the fact that with
advancing age there is a reduction in the
participation of milk in the diet of lambs, with this
the consumption of concentrate ad libitum and the
availability of forage results in the homogeneity of
lambs at weaning.

CONCLUSIONS

Babassu, coconut and cotton pies, and
soybean bran used as a protein source in the
supplementation at 0.5% of the live weight for
ovine matrices kept in the deferred pasture of
Marandu grass maintain the production indexes
consistent with the stage of the matrices, even with
a high endo-parasitic burden.

Babassu and cotton pies can be used as a
protein source in the supplementation of ovine
matrices in replacement of soybean bran, as they
allowed the performance of matrices and lambs
equally to soybean bran.

RESUMO: O objetivo foi avaliar o impacto da suplementagdo com diferentes fontes proteicas da
producdo agroindustrial no perfil parasitolégico das matrizes ovinas e no desenvolvimento de seus filhotes. As
fontes de proteina utilizadas foram: farelo de soja, torta de algoddo, torta de babacu e torta de coco. Foram
utilizadas 60 matrizes ovinas, com prenhez confirmada e suplementadas no terco final da gestacdo com 0,5%
do peso vivo em pastagens de capim Marandu diferido. As avaliacdes ocorreram desde o terco final da gestacio
e na fase de lactagdo até o desmame. Os dados coletados nas matrizes foram: contagem de ovos por grama de
fezes (OPG) e identificagdo de larvas infectantes (teste fecal), avaliacdo do grau de anemia pelo método
FAMACHA ©, peso corporal (kg) e escore de condicio corporal (ECC). Nos cordeiros, as medidas biométricas
foram realizadas a partir dos 30 dias de vida até o desmame. No teste fecal, a prevaléncia foi de 98% de
Haemonchus spp. Nao houve efeito das fontes de proteina para OPG (3476,0) e FAMACHA ©. No entanto, nas
matrizes suplementadas com torta de coco foram observados os menores pesos corporais (36,9 kg) e menor
ECC (2,7). Torta de Babacu, coco, algoddo e farelo de soja utilizados como fonte protéica na suplementacao de
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matrizes ovinas mantidas em pastos diferidos de capim Marandu no nivel de 0,5% de peso vivo mantém os
indices de producdo consistentes com o estigio fisiolégico das matrizes, mesmo com uma carga endo-
parasitdria alta.

PALAVRAS-CHAVE: Controle de helmintos. Nutri¢do. OPG. Ovinocultura. Periparturiente.
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