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ABSTRACT - This study aimed to assess the effects of palm kernel cake on semen quality and biochemical parameters
of Santa Inés lambs. A total of 40 animals with 24.10+2.72 kg body weight and five months old were assigned in a completely
randomized design into four groups and 10 replicates. The animals were subjected to four levels of palm kernel cake
(0, 15, 30, and 45%) based on dry matter. The trial lasted 90 days foregone by 15 days for adaptation. Blood samples were
collected every 45 days from jugular vein using vacuum tubes without anticoagulant. Total serum cholesterol, triglycerides,
high-density lipoprotein, low-density lipoprotein, and very-low-density lipoprotein were assessed. Once the animals reached
puberty at a mean age of 225 days, the semen samples were collected by electroejaculator once a week for three sequence
weeks and assessed for volume, color, aspect, wave motion, motility, sperm concentration, sperm vigor, total of spermatozoa
per ejaculate, viable spermatozoa per mL, and sperm morphology. The data were subjected to analysis of variance and followed
by regression analysis. Non-parametric data were analysed by Kruskal-Wallis test. Total cholesterol, high-density lipoprotein,
triglycerides, and very-low-density lipoprotein were linearly increased. There was no difference for low-density lipoprotein.
Diets did not affect mass motility, sperm motility, vigor, total spermatozoa per ejaculate, viability sperm per mL, and minor and
total sperm defects. Sperm concentration increased linearly. Negative quadratic effects were observed for major sperm defects.
Supplementation of diets with palm kernel cake up to 45% on dry matter enhance biochemical parameters and do not impair
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the qualitative variables of lamb sperm.
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Introduction

Nutrition plays a vital role in the reproductive
performance of sheep, since it affects the hypothalamic-
pituitary-gonadal axis. There is a forceful link between
nutrition and reproduction in male animals, in which
underfeeding negatively affects hormonal status and
reproductive function because of the severe negative
energy balance. This in turn results in delayed puberty,
low testicular reduced

development, and semen
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production as a response to disorders in gonadotropin-
releasing hormone (GnRH), luteinizing hormone (LH),
and follicle-stimulating hormone (FSH)
(Zabuli et al., 2009).

However, male reproductive performance and sperm

synthesis

quality are basically sustained by the proper functioning of
the endocrine system, which leads and stimulates androgen
biosynthesis from cholesterol, whose concentration in
blood may establish testosterone secretion modulated by
steroidogenic acute regulatory protein and translocator
protein. Within the cells, this protein transfers cholesterol
from the outer to the inner mitochondrial membrane, being
the main step for testosterone biosynthesis. Disorders in
StAR function are related to testicular dysfunction and
underfeeding condition (Awad et al., 2015).

Cholesterol is synthetized as response to the energy
metabolism in the liver, using glucose and aminoacids as
key precursors. Nutritional status and composition of dietary
fatty acids seems to be a key condition to the levels of
cholesterol in the blood. Moreover, dietary polyunsaturated
fatty acids (PUFA) enhance energy density and optimize
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reproductive parameters in male sheep. However, high
levels of cholesterol in animals and higher accumulation in
Sertoli cells may thereby reduce normal and physiologycal
testicular function, decrease sperm concentration, impair
sperm motility, and undervalue the male fertility (Fair et al.,
2014; Morgan et al., 2014).

The source of fatty acids suggested is the byproduct
from agro-industrial processing, in which palm kernel cake
stands out due the contents of fatty acids such as lauric,
myristic, oleic, palmitic, stearic, and linoleic (Oliveira et al.,
2015b) and their inclusion in the diet may increase GnRH
pulses, resulting in reproductive performance. The n-3 and
n-6 fatty acids are the main polyunsatured fatty acids acting
on reproductive axis to promote testicular development and
production of hormones (Sartoni and Guardieiro, 2010).
Moreover, supplemental feed can be a major cost incurred
to maintain husbandry. Then, alternative feeds may provide
nutrients needed by animals to enhance their reproduction at
a lower cost than traditional feeds. Therefore, the objective
of this study was to assess the effects of palm kernel cake
on biochemical and semen parameters of sheep.

Material and Methods

The experimental period lasted 90 days foregone by 15
days for adaptation to the diets. This study was approved
by the Ethics Committee on the Use of Animals under case
number 23007.013783/2014-31.

Forty growing lambs, with 24.10+2.72 kg of average
body weight and five months old were assigned in a
completely randomized design into four groups and 10
replicates. The treatments consisted of four concentrate
rations with levels of palm kernel. The control group fed
a basal ration, the second group fed diet with 15% of palm
kernel cake included, the third group fed a diet with 30%
of palm kernel cake, and the fourth fed 45% of palm kernel
cake. The animals were kept under massai grass (Panicum
hibrido vr. Massai) pasture and fed the concentrate in creep
feeding in the morning.

Diets were formulated to be isonitrogenous and to meet
the nutritional requirements of sheep (NRC, 2007) (Table 2).
Chemical analysis (Table 1) for dry matter (DM), mineral
matter (MM), crude protein (CP), and ether extract (EE)
were performed according to procedure of AOAC (1990).
Neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were determined using the method proposed by
Van Soest et al. (1991).

Total carbohydrates (TC) were obtained using the
following equation, as proposed by Sniffen et al. (1992):
TC = 1000 — (CP + EE + MM); non-fiber carbohydrates

(NFC) were estimated through the formula suggested
by Hall (2000) as indicated: NFC = 1000 — (NDF + CP +
EE + MM). Hemicellulose (HEM) and cellulose (CEL)
were assessed by the sequencial method, according to
methodologies suggested by Silva and Queiroz (2002)
using the following equations: HEM = NDF — ADF and
CELL = ADF — Lig (lignin), respectively. Total digestible
nutrients (TDN) were determined using equation according
to NRC (2001): TDN = 87.84 — (ADF x 0.70).

Body weight of the animals was recorded every 15 days
to adjust diet offer according to the individual live weights.
Then, body condition score was determined.

Blood samples were collected every 45 days in the
morning from jugular vein after 12 h of fast using vacuum
tubes without anticoagulant. Plasma was separated by
centrifugation at 3500 x g for 15 min. Total serum cholesterol
(TC), triglycerides (TG), and high-density lipoproteins

Table 1 - Chemical composition of the diet ingredients

Ingredient
Component (g kg as fed) Soybean  Corn  Massai grass
PKC
meal meal
Dry matter 958 873.60  868.60 302.70
Mineral matter 30.60 75.30 16.80 83.40
Ether extract 82.10 34.40 52.40 14.80
Neutral detergent fiber 713.70  165.80  315.40 665.90
Crude protein 100.50  452.50 74.80 53.20
Total carbohydrates 786.80  437.80 856 848.60

Non-fiber carbohydrates 73.10 272 540.60 172.70
Total digestible nutrients ~ 560.70  829.50  863.10 542.90

Hemicellulose 259.80 516 293.50 186.60
Lignin 42.80 30.90 13.20 33.70
Cellulose 411.10  38.90 8.70 445.60

PKC - palm kernel cake.

Table 2 - Percentage and chemical composition of the concentrate

diets
Level of palm kernel cake (%)
Component
0 15 30 45
Ingredient g kg™ as fed
Palm kernel cake - 145 290 440
Soybean meal 330 350 310 290
Corn meal 620 455 350 220
Mineral salt 20 20 20 20
Urea 30 30 30 30
Nutrient Chemical composition (g kg™ as fed)
Dry matter 826.80 831.20  852.60 866
Ether extract 43.80 47.80 52.80 57.60
Mineral matter 35.30 38.40 38.10 39
Crude protein 195.70  200.70  195.60 191.90
Neutral detergent fiber 250.30 305 368.80  431.50
Non-fiber carbohydrates 47490 401.80 344.70 280
Total digestible nutrients 852.80 808.30  765.80 721
Cellulose 23 25.10 80 139.50
Hemicellulose 31230 351.80  338.10 328.50
Lignin 53.60 75.10 80.90 85.30
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(HDL) were assessed using enzymatic colorimetric test
and absorbance was measured at spectrophotometer
standardized for 500 nm wusing monoreagent Kkit.
Low-density lipoproteins (LDL) and very low-density
lipoproteins (VLDL) were estimated using the Friedewald
et al. (1972) equation: LDL-¢c = TC — HDL-c — (TG/5) and
VLDL-c¢ = TG/5 respectively.

Semen analysis was performed on day 75, when the
animals reached puberty at a mean age of 225 days. The
samples were collected by electroejaculator once a week
for three consecutive weeks. Semen parameters were
immediately assessed for volume, color, aspect, wave
motion, motility, sperm concentration, sperm vigor, and
sperm morphology according to CBRA (2013) procedures.
The total number of sperm was estimated by multiplying
sperm concentration mL™' by the total volume of the
ejaculate as the following formula: Total number of sperm =
sperm mL™' (10°) x volume (mL); total number of viable
spermatozoa was calculated by multiplying total number of
sperm per ejaculate by percentage of motility according to
methodology described by Martin-Rillo (1996).

Data were subjected to Shapiro-Wilk and Levene’s
tests to verify homogeneity of variances and normality,
respectively. Then, analysis of variance was carried out
using the General Linear Model procedure. Multiple
regression equations were developed for the different levels
of palm kernel cake. Data that were not normally distributed
were analysed by Kruskal-Wallis non-parametric tests. All
statistical procedures were performed using SAS (Statistical
Analysis System, version 9.0).

The effect of concentrate levels were evaluated
according to the following model:

Yij =pntote,
in which Y, is dependent variable; p is the general constant;
a, is the fixed effect of the concentrate i; and e, is the
random error.

Results

Concentrations of serum cholesterol linearly increased
in function of the levels of palm kernel cake in the diets
(Figure 1). The means found in this study ranged from
46.12+8.32 to 54.78+5.83 mg dL™' (Table 3). This effect
may be related to the dietary lipid content; therefore, the
addition of palm kernel cake increased levels of ether
extract from 47.80 to 57.60 g kg™! in the DM.

Serum HDL levels had a linear increase as contents of
palm kernel cake increased in the diet (P<0.05) (Figure 2).
Concentrations of triglycerides linearly increased (P<0.05)
in function of the levels of palm kernel cake (Figure 3). The

highest values of triglycerides were recorded in groups in
experimental diets containing high content of EE. A similar
behavior was observed for VLDL (Figure 4).

Levels of palm kernel cake did not affect (P>0.05) the
concentration of LDL. The minimum and maximum means
found in this study were 8.40+1.38 and 17.70+6.93 mg dL™",
respectively. The LDL:HDL ratio was significantly affected
(P<0.05) over the treatments, possibly due to the behavior
observed for LDL and HDL.
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Figure 1 - Serum concentration of total cholesterol (mg dL™")
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Figure 2 - Serum concentrations of high-density lipoprotein
(HDL) (mg dL™") of lambs fed diets containing
levels of palm kernel cake in the concentrate.

Table 3 - Biochemical parameters of lambs fed diet containing
levels of palm kernel cake in the concentrate

Level of palm kernel cake (%)

Parameter (mg dL™")

0 15 30 45
Total cholesterol 46.12+8.32 48.26+4.57 54.78+5.83 54.07+2.67
HDL 21.24+5.78 23.31+£6.52 37.95+5.68 43.63+12.75
Triglycerides 31.05+£3.71 30.66+£8.80 30.20+1.22 42.45+1.64
VLDL 6.21+0.74 6.13+1.76  6.04+0.24  8.49+0.33
LDL 14.58+8.60 17.70+£6.93 14.93+6.64 8.40+1.38

LDL:HDL ratio 0.78+0.58  0.84+0.41 0.42+0.21 0.22+0.04

HDL - high-density lipoprotein; VLDL - very low-density lipoprotein; LDL - low-
density lipoprotein.
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The ejaculate volume was not affected (P>0.05) when
palm kernel cake contents were increased and the overall
mean for whole groups was 0.90+0.34 mL. No difference
was observed (P>0.05) in mass motility. In all groups fed
levels of palm kernel cake, the percentage of progressive
sperm motility did not differ significantly.

50
45 N )

40 Yot v, . g
35 ey
30 4= @ e® 0 © ° L4 °

25 1 o * ¢
20 -
15
10 4

Y =0.1301x + 31.254
R2=0.074

Triglycerides (mg dL")

0 T T "
0 15 30 45
Palm kernel cake levels (%)
Figure 3 - Serum triglycerides concentrations (mg dL™") of lambs
fed diets containing levels of palm kernel cake.
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Figure 4 - Serum concentrations of very low-density lipoprotein

(VLDL) (mg dL™") of lambs fed palm kernel cake
under grazing.

Sperm vigor was not affected by levels of palm kernel
cake (Table 4). This variable is positively correlated with
semen viability in many species, including ovines.

The diets affected (P<0.05) sperm concentration,
which increased linearly from the control group to that
fed diets with 45% of palm kernel cake (Figure 5). It may
be related to the level of ether extract as well as semen
volume, although this variable did not vary significantly in
this study.

Discussion

The concentrations of serum cholesterol found in this
study reveal the effect of the dietary lipid content. Nunes
et al. (2011) reported that including palm kernel cake up
to 19.5% in diet for lambs increases the levels of serum
cholesterol.

Oliveira et al. (2015a) described palm kernel cake
as an important source of saturated fatty acids such as
lauric (C12:0), myristic (C14:0), palmitic (C16:0), and
stearic (C18:0) acids with 47.75%, 16.89%, 7.99% and
2.85%, respectively. Furthermore, it contains the following
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Figure 5 - Sperm concentration (x10° mL™") of lambs fed diets
containing levels of palm kernel cake.

Table 4 - Physical characteristics of the semen of lambs fed levels of palm kernel cake under grazing

Seminal parameter

Level of palm kernel cake (%)

0 15 30 45

Volume (mL) 1.06+0.5 1.01£0.3 0.78+0.2 0.76+0.35
Mass motility (0-5)" 3.00£1.0 3.00+2.00 3.00+2.00 3.00£1.00
Progressive motility (%)’ 75.00+15.0 85.00+2.5 62.50+45.0 65.00+5.0
Spermatic vigor (0-5)" 3.00+0.0 3.00+3.00 3.00£1.00 3.00+0.5
Concentration (x10°mL™) 2.50+1.6 2.84+1.2 3.83+£5.7 3.42+41.3
Total spermatozoa/ejaculate (x10°) 1.88+1.4 2.41£1.3 2.39+0.3 2.22+0.61
Viable spermatozoa/ejaculate (x107) 1.41+0.52 2.05+1.1 1.49+0.37 1.44+0.5
Color! White White Ivory Ivory

Aspect! Milky-white

Milky-white

Milky-white Milky-white

'Non-parametric data.
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unsaturated fatty acids: myristoleic (Cl14:1) (0.02%),
palmitoleic (C16:1) (0.04%), oleic (C18:1) (13.84%), and
polyunsaturated fatty acids (PUFA) with 2.88 and 0.13% of
linoleic (C18:2) and linolenic (C18:3) acids, respectively.
Concentrations of serum cholesterol in lambs are influenced
by dietary saturated fatty acids (Abdel-Fattah et al., 2013).
Gonzalez and Silva (2006) reported variations from 52 to
76 mg dL! as reference values of cholesterol, while Sitmo
(2014) suggested 64 to 104 mg dL ' for adult males and 44
to 126 mg dL' for females.

Content of palm kernel cake affected serum HDL.
Possibly, this is a result of the increase in the levels of
total cholesterol observed in this study. In addition to the
increase in EE, the increase in NDF of concentrate may
have influenced the HDL as well as cholesterol. In fact,
many studies have demonstrated that these variables in
lambs are sensitive to increase in NDF. The minimum
HDL and cholesterol recorded with the control group was
probably due to the lower level of NDF; therefore, there
is a physiological interdependence between HDL and
cholesterol. Fredenrich and Bayer (2003) and Olswold
and Andrade (2003) observed that HDL are positively
associated with levels of serum cholesterol.

Studies carried out by Hawkins et al. (1995) and
Beynen et al. (2000) showed that diets containing lipid
increased the level of HDL. This is the major lipoprotein
fraction carrying cholesterol from periferic tissues to liver.
Moreover, HDL plays a key role in the male reproductive
system, which is associated with sperm capacitation and
the acrosome reaction (Therien et al., 1997). Sitmo (2014)
reported means of HDL in rams ranging from 46.10 to
71 mg dL™.

Levels of palm kernel cake increased the concentration
of triglycerides and the LDL. This suggests that high
content of ether extract plays a major role in these
interdependent components. According to Jafaroghli et al.
(2014), triglycerides are carried in the blood by VLDL;
therefore, the increased concentration of VLDL may have
ocured because of the increases in serum triglycerides.

Oleaginous fruit contains triglycerides stored as
energy source and inclusion of such ingredient in diets for
ruminants may increase the concentrations of circulating
triglycerides. When fat-rich feeds are added to diets with
contents of ether extract up to 5% in the dry matter, it
results in increases in the triglyceride levels (Palmquist
and Jenkins, 1980). Moreover, this molecule is the main
source of energy and lipids for sperm mobility. The amount
of lipids in the gametes of ruminants is about 76 ng
approximately, containing around 58% of triglycerides.

The competence, quality, and cryo-resistence of sperms
are related to the amount of triglyceride content, which
additionally plays a role in development, during and after
fertilization (Santos et al., 2008).

When testing levels of propylene on blood parameters
in rams, Santos et al. (2015) found that values of VLDL
increased linearly as triglycerides increased, supporting
the results observed in this study. According to the same
authors, these metabolites present the same pattern of
response in animals fed the same diet. The referred study
reported means of VLDL varying from 5.93 to 8.87 mg dL™
in nine-month rams.

The results observed for the concentration of LDL
may be related to the saturated fatty acids contained in
the palm kernel cake. Some fatty acids such as myristic
(C14:0) and palmitic (C16:0) are related to levels of LDL
in the blood and these acids present a high pronounced
hypercholesterolemic effect (French et al., 2000). This
lipoprotein is essential for sperm resistance during
the cryogenics process, since it provides phospholipid
molecules to plasma membrane for stability and inhibition
of cryo-injury. Furthermore, LDL binds to some proteins
of seminal plasma, inhibiting sperm toxicity. In addition,
levels up to 8% enhance motility, plasmatic membrane
integrity, and acrosome membrane (Moussa et al., 2002 and
Hu et al., 2011).

The predominance of LDL results in higher deposition
of cholesterol in the periferic tissues due to its inability
to catabolize the excess of LDL. Low LDL:HDL ratio
indicates a positive effect of diet on maintainance of
cholesterol levels within the adequated range in animals
(Filipponi et al., 2007).

Furthermore, seminal parameters were recorded
in lambs. The mean value found for mass motility was
3.00+1.5 and is classified by CBRA (2013) as normal level
for lambs. The results found in this study suggest that
supplementation of palm kernel cake did not alter volume
and mass motility.

The diet did not affect progressive sperm motility. This
variable is affected by diets containing low crude protein
content. According to Martin and Walkden-Brown (1995),
the energy component of the diet and certain protein contents
are likely to be responsible for affecting sperm motility. In
this study, diets were balanced to ensure that lambs received
similar amount of crude protein and different levels of EE.
Possibly, the results found for motility are related to the
same level of crude protein content in the diet. According
to Vasconcelos et al. (2003), energy and protein act on the
hypothalamus-pituitary-gonadal axis by increasing the

R. Bras. Zootec., 46(8):670-677, 2017
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GnRH and LH pulse frequencies and the tonic secretion
of FSH as well. As the spermatogenic process responds
rapidly to changes in crude protein, sperm motility is
rapidly affected as well.

Sperm vigor is positively correlated with semen quality
in many species and affects male reproductive performance.
For an effective fertilization, it is essential that the sperm
presents a vigor around 3 and intact membrane (CBRA,
2013). Besides nutrition, other factors such as genetics,
environmental conditions, and animal age can influence
this variable (Cunha et al., 2012). Adeyemi et al. (2015)
suggested that levels below 6% of ether extract content in
diets may negatively affect sperm vigor; however, in this
study, such result was not observed.

Possibly, the increase of sperm concentration in this
study is related to the increase of ether extract in the
diet. Rege et al. (2000) found a strong influence of diets
containing source of fatty acids on sperm concentration.
Pacheco et al. (2009) found differences on the sperm
concentration of lambs fed diets containing up to 4.5%
of ether extract in dry matter. Balanced nutrition is
of paramount importance for sperm concentration. In
addition, energy level provides a high amount of sperm.
Concentration is likely to be a better factor to estimate the
number of cells and fertilization rates. Another factor that
affects sperm concentration is the amount of seminal fluid
released by sexual accessory glands and the number of cells
produced during spermatogenesis process. Depending upon
the age, genetics, and nutritional status, sperm concentration
may vary from 1 to 3x10° spermatozoa mL™"' (Cheah and
Yang, 2011; CBRA, 2013).

While palm kernel cake affected major defects, the
minor and total defects were not affected. Sperm defects
in sheep are largely caused by pathological changes in
the sexual organs, degeneration of the epithelium of the
seminal ducts, cysts, and spermiostasis. A prolonged
interruption in the sexual activity of sheep may lead to a
temporary loss in the semen quality in the first ejaculates.
In addition, age is one of the key factors that increase
percentage of sperm defects (Andreevskii, 1940). In this
study, the age of animals may have caused the observed
result of major defects. The overall means found in this
study were 3.99+1.69% for minor defects, 3.90+2.45% for
major defects, and 7.89+3.12% for total defects (Table 5).
These values are considered normal by CBRA (2013).

The major defects affected by diet containing palm
kernel cake (Figure 6) in this study seem to be one of
the variables influenced by the ether extract and the age
of animals. Pacheco et al. (2009) found 21.20%; 19.80%,

Table 5 - Morphological characteristics of sperm of lambs fed
diets containing palm kernel cake under grazing

Level of palm kernel cake (%)
0 15 30 45

3.36+1.82  4.19+1.45  5.18+1.87  3.22+1.63
4.11+2.37  3.28+3.02  2.83+1.48  5.38+2.94
7.47£3.53  7.47£2.93  8.00+£2.51  8.59+3.52

Pathology (%)

Minor defects
Major defects
Total defects

Y =0.0035%% - 0.1548x + 4.1634
1 R?=0.1363

Major defects (%)

0 15 30 45
Palm kernel cake levels (%)

Figure 6 - Major defects of lambs fed diets containing palm kernel
cake under grazing.

and 4.40% of major defects in pre-pubertal, pubescent, and
post-puberscent sheep, respectively.

Conclusions

The supplementation of diets with palm kernel cake up
to 45% in dry matter enhance biochemical parameters and
does not impair the qualitative variables of lamb sperm.
Hence, it can be used as a feed alternative for lambs.
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