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ABSTRACT - The objective of this study was to evaluate performance traits, intake,
nutrient apparent digestibility, and economic analysis of lambs fed diets containing
different levels of sunflower cake (SFC) with a certain chemical composition. Thirty-six
Santa Inés x Dorper lambs (n = 9 per treatment diet) with an average body weight (BW)
of 19.5+2.19 kg at the beginning of the study were randomly allocated to four isocaloric
and isonitrogenous diets for 63 days. A control diet without SFC was compared with
diets containing 5, 10, and 15% of dietary dry matter (DM) of SFC replacing soybean
meal and corn. Growth performance and economic indicators were calculated. Moreover,
individual faeces were collected using canvas bags to evaluate the apparent digestibility
of nutrients between days 30 and 45 of study. The total BW gain linearly decreased with
the inclusion of SFC in the lamb diet. However, no differences among treatments were
observed for final BW, average daily gain, average daily feed intake, or feed conversion
ratio. The inclusion of different levels of SFC in the diet reduced the intakes of DM
as g/kg BW and non-fibre carbohydrates on DM basis. The apparent digestibility of
all nutrients studied improved with the inclusion of 5% SFC but decreased with diets
containing 10 or 15% of SFC. Moreover, the higher benefit:cost ratio was obtained
for diet containing 5% SFC. Therefore, SFC from biodiesel production could be used
at levels of 5% in lamb rations, reducing feeding costs without worsening productive
performance, nutrient intake, and digestibility at the ages studied.
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1. Introduction

In recent years, the use of agroindustrial byproducts in animal nutrition has been successfully adopted
as alternative ingredients to traditional raw materials to reduce feeding costs and to cope with the
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need to recycle waste material from the global biofuel industry (Vasta et al., 2008; Tufarelli et al., 2013).
Reducing feed costs is particularly important for the intensive sheep industry (Guimardaes et al,, 2014).
Generally, corn and soybean meal are the main ingredients used in feed rations of confined animal.
However, price fluctuation and competition with diets for monogastric (mainly poultry and pork) are
the main obstacles for the use of these raw materials in diets for lambs. As a consequence, it is necessary
to evaluate the possibility of replacing them with lower cost alternative foods. In fact, the available
information about the effects of including alternative nutrient sources in lamb diets on performance
(Costa et al., 2016; Santos et al., 2016), intake (Costa et al.,, 2016), nutrient digestibility (Costa et al,,
2016), and carcass (Cirne et al., 2016; Costa et al,, 2016) and meat (Bezerra et al,, 2016; De Melo et al,,
2020) quality is extensive.

A possibility is the use of sunflower cake (SFC), a biodiesel agroindustry coproduct, as source of
nutrients for lamb diets (Moura etal., 2015; Lima et al., 2018a). The SFC is free of antinutritional factors
(Lima et al,, 2018a) and can be included in diets for ruminants as an energy source based on its high
lipid content [18.2% as average on dry matter (DM) basis], but also as alternative protein source with
an average crude protein (CP) content of 25.3% DM (Lima et al,, 2018a; Mongao et al., 2018). However,
the high content of lipids, which is associated with the amount and quality of fibre in SFC, can decrease
animal intake and affect the digestibility and performance due to interference with fibre digestion
or diet palatability (Fernandes Junior et al., 2013; Alves et al., 2016). Some authors have observed a
decrease of body weight (BW) gain (Fernandes Junior et al,, 2015), intake (Lima et al.,, 2018a), and
nutrient digestibility (Lima et al., 2018a) when they included SFC in lamb diets. However, most of the
studies have shown benefits of the inclusion of SFC in lamb diets (Fernandes Junior et al., 2013; Moura
et al,, 2015) without affecting the sensory attributes of meat (Lima et al.,, 2018b), or even improving
lamb meat tenderness (De Melo et al., 2020).

The variability observed among the studies mentioned above for the results obtained in lambs fed diets
containing SFC (Fernandes Junior et al,, 2013, 2015; Moura et al,, 2015; Lima et al., 2018a; Lima et al,,
2018b; De Melo et al., 2020) could have different causes such as different inclusion levels in the diet
or the variability in the nutrient composition of the SFC used. In fact, the chemical composition of this
byproduct is highly variable (Al-Masri, 2005; Weinberg et al., 2008), resulting mainly from different
origins and varieties, the press model, or the setting used (Goes et al., 2010). The main hypothesis to be
tested is that the percentage of SFC inclusion in the diet cannot be recommended without knowing its
specific nutritional composition since it is highly variable. The SFC inclusion percentage in the diet can
be higher the more protein and less fiber it has.

Therefore, it is necessary to evaluate the effects of the SFC inclusion in the total mixed rations (TMR) for
lambs considering the specific chemical composition of the byproduct available in each particular case.
The objective of this study was to evaluate performance traits, intake, nutrient apparent digestibility,
and economic analysis of lambs fed diets containing different levels of SFC with a determined chemical
composition.

2. Material and Methods

Research was conducted according to the institutional committee on animal use (case number
2305/14). The study was conducted in Parnamirim, Rio Grande do Norte (5° 54'57" S, 35° 15'56"W
and altitude of 53 m), specifically, in the metropolitan region of Natal.

Atotal of 36 Santa Inés x Dorper male lambs, six months of age and average initial BW of 19.5+2.19 kg, were
randomly assigned to four treatments (nine lambs per treatment). Lambs were housed in individual
pens (1.6 x 1 m) equipped with slatted concrete floors and fitted with a drinker and a feeder. Water
was available ad libitum through the experiment. After an adaptation period of 10 days to diets and
facilities, the experiment started and lasted 63 days. During the adaptation period, all animals were
treated for internal and external parasites with ivermectin (Ivomec gold, Merial, Sdo Paulo, Brazil) and
vaccinated against clostridiosis (Sintoxan, Merial, Sdo Paulo, Brazil).
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To prevent lambs from selecting feed, four pelleted total mixed rations, including forage and concentrate,
were used. Forage (hay Tifton-85, Cynodon spp.) was ground to 25 mm length. Then, it was mixed to
concentrate and steam-pelleted (8 mm diameter) to preserve the integrity of the fibrous components
to reduce differences in physical form. The TMR were supplied to lambs twice daily at 08:00 and 16:00 h
in two equal meals.

Three experimental TMR replaced corn and soybean meal with 5, 10, and 15% of SFC. These diets were
compared with a control TMR containing corn and soybean meal as main ingredients without SFC. The
SFC was obtained from a sunflower press factory near the experimental site. The SFC used in the diets
was the product of the extraction of the oil from the sunflower grain through mechanical gripping (heated
steam rollers). The analysis of the SFC was carried out by means of a single component, eliminating
a portion of each bag in a total of 40 bags with 50 kg of SFC each. Each SFC sample was analysed by
triplicate. The determined chemical composition and calculated metabolisable energy (ME) content
of the TMR ingredients are shown in Table 1 according to FEDNA (2016) recommendations. The TMR
were formulated to be isocaloric (2.74 Mcal/kg DM of ME on average) and isonitrogenous (18.0% of
CP) (Table 2) and meet or exceeded the nutritional requirements for lambs with average daily gain
(ADG) of 200 g according to the NRC (2007).

At the beginning of the study, lambs were individually identified, weighed (initial BW), and distributed
in the experimental pens so that the initial average live BW was the same for the four experimental
groups. Afterwards, lambs were weighed weekly and the day before slaughter to obtain the final BW.
In all cases, lambs were weighed in the morning after 12 h of fasting and before the first feeding. Data
obtained were used to calculate the total BW gain and ADG. The average daily feed intake (ADFI) was
determined by the daily control of the feed supplied minus the daily feed refused. Feed refusals were
collected daily, weighed, and individually bulked for analysis. Data of ADG and ADFI were used to
calculate the feed conversion ratio (FCR). The nutrient intake was estimated based on the difference
between the total of each nutrient contained in the TMR offered and the amount in the refusals.

The apparent digestibility of nutrients was determined between days 30 and 45 of the experiment
using the total collections of faeces during this period. For collection of faeces, appropriate canvas bags
were attached to the lambs using nylon strips as previously indicated by Lima et al. (2018a). After a
period of four days of adaptation to the canvas bags, two daily faecal collections were made (09:00 and
15:00 h) from all experimental animals. Each collected sample was subsequently analysed individually
by duplicate. The direct method was used to determine the apparent digestibility of nutrients by
evaluating the nutrient content in TMR samples and faeces using the following formula: [(nutrient
consumed - nutrient in faeces)/(nutrient consumed)] x 100.

Table 1 - Determined chemical composition and calculated metabolisable energy (ME)* content of the total mixed
ration ingredients [% as dry matter (DM) basis, unless otherwise indicated]

Ingredient
Composition
Corn Soybean meal Sunflower cake Tifton-85 hay

DM 87.6 88.6 92.5 89.9
Organic matter 98.5 93.7 95.3 93.4
Mineral matter 1.55 6.32 4.75 6.64
Crude protein 9.11 48.8 34.5 9.65
Ether extract 4.07 1.71 6.31 1.65
Neutral detergent fibre 14.0 14.6 37.5 79.9
Acid detergent fibre 4.08 9.86 279 39.0
Acid detergent lignin 1.16 1.33 10.7 5.35
Hemicellulose 9.92 4.74 9.6 40.9
Cellulose 2.92 8.53 26.8 33.7
Non-fibrous carbohydrates 71.3 28.6 16.9 2.2
ME (Mcal/kg DM) 2.83 2.95 1.83 1.21

1 According to FEDNA (2016) recommendations.
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Table 2 - Ingredients, determined chemical composition, and energy content of the experimental total mixed
rations [% as dry matter (DM) basis, unless otherwise indicated]

Sunflower cake level (%)

Item

0 5 10 15
Ingredients
Corn 40.4 39.0 38.4 36.6
Soybean meal 16.6 13.0 8.60 5.40
Sunflower cake 0.00 5.00 10.0 15.0
Vitamin-mineral premix! 2.00 2.00 2.00 2.00
Tifton-85 hay 41.0 41.0 41.0 41.0
Determined chemical composition (% DM)
DM 91.2 91.4 91.5 91.7
Organic matter 86.8 87.0 87.2 87.4
Mineral matter 4.4 4.4 4.3 4.3
Crude protein 18.0 18.1 17.8 18.2
Ether extract 3.0 33 3.6 39
Neutral detergent fibre 46.6 48.9 50.9 53.4
Acid detergent fibre 22.0 23.6 25.0 26.8
Acid detergent lignin 33 3.9 4.5 5.2
Hemicellulose 24.6 25.3 25.9 26.7
Cellulose 18.7 20.2 21.6 23.3
Non-fibrous carbohydrates 41.6 41.0 40.6 39.9
Metabolisable energy (Mcal/kg DM) 2.76 2.75 2.72 2.72
Net energy (Mcal/kg DM) 1.77 1.74 1.71 1.68

1 Supplied per kg of diet: 70 g of P, 140 g of Ca, 148 g of Na, 12 g of S, 1.32 mg of Mg, 700 mg of F, 4.70 mg of Zn, 3.69 mg of Mn, 2.20 mg of Fe,
140 mg of Co, 61 mg of I, 15 mg of Se, and 100 mg of monensin sodium salt.

Samples of ingredients, TMR, waste, and faeces were identified, weighed, and stored in plastic bags at
-10 °C immediately after collection. At the end of the experimental period, the collected samples were
defrosted and dried in a forced-air ventilation oven at 55 °C for 72 h. Then, samples were ground using
a 1-mm sieve and packaged in identified containers for laboratory analysis. Chemical composition of
ingredients, TMR, leftovers, and faeces was determined in triplicate as described by AOAC (2005) for
DM (method AOAC 934.01), mineral matter (MM; method AOAC 942.05), CP (Kjeldahl method, method
AOAC 984.13), and ether extract (EE; method AOAC 920.39). Data obtained were used to calculate
the organic matter (OM) content. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were
analysed according to Van Soest et al. (1991). Acid detergent lignin (ADL) was determined according
to method 973.18 (AOAC, 2002). Hemicellulose content was calculated by the difference between NDF
and ADF. Non-fibrous carbohydrates (NFC) content was calculated as: NFC (%) = 100 - (MM, % + CP, %
+ EE, % + NDF, %).

The production cost was estimated using the operational cost (OC) proposed by Matsunaga et al.
(1976), considering the costs of acquisition of animals (10.4 euros per kg of BW), hired labour, diet,
sanity (vaccines and vermifuge), tools and utensils, and slaughter. The hired labour was calculated as
the salary of a worker in force in the region, reflecting a total of the remuneration dedicated to the
activity. The local market prices of the ingredients included in the experimental TMR were considered
to calculate the diet cost. The gross income (benefit) was calculated as: final BW (kg) x 1.35 x 17.0 (price
of meat) + 40.0 (not edible constituent of carcass per animal) + 8.0 (skin), with all values representing
the price paid in the local market. In addition, the gross margin per treatment and day and per animal
and day were calculated. Finally, the ratio between benefit and OC was analysed.

The experiment was conducted in a completely randomized design with four treatments. The
experimental unit was the lamb individually allocated. Prerequisites to run each test were checked,
and data normality was tested with the Shapiro-Wilk test. All data were normally distributed. Data
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were analysed using the regression procedure at the 5% probability level using the following model
procedure:

Y,=u+s +e, N
in which Yij is the observed value, p is the overall mean, s, is the effect of SFC level, and e, is the
experimental error (SPSS Inc., Chicago, IL). The polynomial contrasts were used to determine the linear
(L) and quadratic (Q) effects of the diet SFC inclusion level when significant differences among diets

were detected. The standard error of the mean was obtained as the standard deviation divided by the
square root of the sample size. Significance was set at P<0.05.

3. Results

The SFC used in the experimental diets had 34.5% CP, 6.31% EE, 37.5% NDF, 10.7% ADL, and 1.83 Mcal
ME/kg (as average on DM basis; Table 1). Determined nutrient contents of the experimental TMR were
similar to expected values (Table 2).

The inclusion level of SFC in the TMR did not affect final BW, ADG, ADFI, and FCR (Table 3). However,
total BW gain decreased 0.03 g per every 1% of SFC included in the TMR (L; P = 0.048). Although the
NDF contents in the experimental TMR increased with the SFC level, they did not affect the intakes of
DM, OM, CP, EE, and NDF (Table 4). However, SFC inclusion decreased the DM intake per kg BW (P = 0.040
and 0.042 for L and Q effects, respectively) and NFC intake (P = 0.018 for L effect).

The inclusion of SFC up to 5% (10 and 15%) of the TMR decreased the apparent digestibility of all
nutrients studied comparing with diets containing 10 and 15% of SFC (P<0.05 for L and Q effects for all
nutrients except for EE; Table 5).

Table 3 - Growth performance of lambs fed diets containing different levels of sunflower cake

Sunflower cake level (%)

Item Regression R? SEM P-value!
0 5 10 15
Initial BW (kg) 18.6 19.7 20.0 19.8 y=18.8 - 0.45 0.280
Final BW (kg) 32.7 32.7 31.0 31.9 §=32.7 - 0.53 0.401
Total BW gain (kg) 14.6 13.0 11.0 12.1 =148 +0.03x 0.234 0.54 0.048
ADG (g/day) 2292 2092 1849 1926 ¥ =224 0.126 8.82 0.101
ADFI (kg/day) 1.15 1.11 1.08 1.08 §=1.14 - 0.023 0.290
FCR 5.18 5.46 5.98 5.17 ¥ =5.09 - 0.151 0.432

BW - body weight; ADG - average daily gain; ADFI - average daily feed intake; FCR - feed conversion ratio; R? - coefficient of determination;
SEM - standard error of the means.
! Linear effect because quadratic effect was not significant for any trait studied.

Table 4 - Daily nutrient intake of lambs fed diets containing different levels of sunflower cake [kg/day as dry
matter (DM) basis, unless otherwise indicated]

Sunflower cake level (%) P-value
Item Regression R? SEM ——
0 5 10 15 L Q
DM 1.09 1.10 1.02 0.99 ¥ =0.842 - 0.035 0.235 0.473
DM (g/kg BW) 448 428 418 423 §=45-0.56x+0.03x2 0261 047  0.040 0.042
DM (g/kg BW®7%) 1009  96.6 94.2 952 ¥=99.6 - 1.19 0.100 0.103
Organic matter 1.02 1.04 096 093 y=1.04 - 0.033  0.235 0.163
Mineral matter 0.066 0.068 0.063 0.060 ¥=0.068 - 0.0023 0.221 0.420
Crude protein 0.18 0.17 0.16  0.15 y=0.18 - 0.006 0.101 0.228
Ether extract 0.029 0.025 0.028 0.032 y=0.027 - 0.0011 0.260 0.100
Neutral detergent fibre 0.40 0.44 0.40 0.42 v=0.412 - 0.014 0.928 0.972
Non-fibrous carbohydrates  0.42 0.40 038 033 ¥ =0.42 - 0.001x 0.246 0.014 0.018 0.113

BW - body weight; R? - coefficient of determination; SEM - standard error of the means; L and Q - linear and quadratic effects, respectively.
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The TMR containing 15% SFC had the lowest OC (432.9 vs. 428.2 vs. 423.5 vs. 418.8 euros for TMR
including 0, 5, 10 and 15% of SFC, respectively. Table 6). However, TMR containing 15% of SFC presented
the lowest gross income and the lowest gross margin (455.6 vs. 452.7 vs. 435.8 vs. 426.8 euros and
22.7,24.5,12.2, and 8.0 euros for diets including 0, 5, 10, and 15% of SFC, respectively).

4. Discussion

The chemical composition of SFC is based on cell wall components such as lignocellulosic fibres (around
40% DM), protein fractions (around 30% DM), and other components (around 30% DM), many of which
are water-soluble. The lack of homogeneity for the nutritional composition has been reported for SFC
(Al-Masri, 2005; Weinberg et al., 2008). The EE content of the SFC used in current study was similar to
the value reported by Qwele et al. (2013) but had more CP and less EE and hemicellulose comparing
with the SFC used in other studies (Moura et al., 2015; Lima et al., 2018a; Moncéo et al,, 2018). In fact,
an important variability for the EE content of SFC has been observed with values ranging from 3.2% DM
(Geneau-Sbartai et al., 2008) to more than 23% DM (Mongdo etal., 2018). The causes for this variability
are unknown, but it might be due to differences in the extraction process used or even in variations of
SFC composition among different origins.

Although no differences among diets were found for final BW and ADG, the inclusion of SFC in the
TMR decreased the total BW gain of lambs, agreeing with previous results (Rodrigues et al., 2013;

Table 5 - Apparent digestibility of nutrients of lambs fed diets containing different levels of sunflower cake [% as
dry matter basis]

Sunflower cake level (%) P-value
Item Regression R? SEM
0 5 10 15 L Q

Dry matter 721 777 672 605 §=721+41x-0.72x*+0.03x* 0.692 1.58 0.001 0.000
Organic matter 739 788 69.2 629 $=739+3.6x-0.65x*+0.024x* 0.675 1.49 0.001 0.000
Crude protein 706 781 659 64.0 $=70.6+55x-0.99x*+ 0.04x> 0.540 1.57 0.024 0.019
Ether extract 62.6 69.7 431 572 ¥ =62.6 +0.099x° 0.486 3.05 0.100 0.230
Neutral detergent fibre 613 684 57.0 523 §=613+4.99x-0.88x*+0.03x* 0.618 1.59 0.002 0.000

Non-fibrous carbohydrates 88.2 90.7 85.1 75.7 §=88.2+1.60x-0.25x*>+0.006x®> 0.548 1.58 0.006 0.002

R? - coefficient of determination; SEM - standard error of the means; L and Q - linear and quadratic effects, respectively.

Table 6 - Economic analysis of production of lambs fed diets containing different levels of sunflower cake (in euros,
unless otherwise indicated)

Sunflower cake level (%)

Item
0 5 10 15
Operational cost
Animal acquisition® 204.1 204.1 204.1 204.1
Hired labour 68.7 68.7 68.7 68.7
Feeding 93.7 89.0 84.3 79.6
Sanity 11.4 11.4 11.4 11.4
Tools and utensils 4.37 4.37 4.37 4.37
Slaughter cost 50.8 50.8 50.8 50.8
Total operational cost 4399 428.2 423.5 418.8
Economic indicators
Gross income 455.6 452.7 435.8 426.8
Gross margin (euros/treatment/day) 0.40 0.43 0.22 0.14
Gross margin (euros/animal/day) 0.07 0.07 0.04 0.02
Benefit:cost ratio 1.05 1.05 1.02 1.01

110.4 euros/kg of body weight.
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Fernandes Junior et al., 2015; Lima et al., 2018a; Mongao et al., 2018). Rodrigues et al. (2013) found a
linear reduction of 0.06 kg for total BW gain per every 1% of SFC included in the diet, similarly to the
reduction of 0.03 kg found in the current study.

The inclusion of this byproduct did not limit the intake, which agrees with previous results obtained
by Fernandes Janior et al. (2015) and by Moura et al. (2015), assessing the good acceptability of diets
containing SFC by lambs. In addition, there were no differences among treatments for the FCR
according to Rodrigues et al. (2013) and Mongao et al. (2018). Current results agree with those of
Louvandini et al. (2007), who did not find differences for FCR of lambs when assessing diets containing
sunflower meal as a substitute for soybean meal.

Based on performance traits, Rodrigues et al. (2013) recommended SFC inclusion levels from 21 to
28% of the diet. Similarly, Fernandes Junior et al. (2015) replaced up to 80% cotton meal with SFC in
lamb diets and concluded that lambs responded as expected up to the replacement levels of 20% and
40%, impairing animal performance from the 60% substitution. In general, SFC inclusion level did not
influence growth performance. Therefore, TMR containing 15% of SFC supposes a possibility of using
this byproduct in diets for lambs in confinement.

Dry matter (as kg/day) and OM intakes did not change with the inclusion of SFC in the TMR, which
agrees with results obtained by Moura et al. (2015) for lambs and by Agy et al. (2012) for DM intake
(kg/day) of goats. In addition, these results were expected since there were almost no differences in
diet composition for these nutrients. Similar results for DM intake were found by Medeiros et al. (2003)
for sheep receiving diets of up to 66% soybean meal replaced by sunflower meal. However, a decrease of
DM intake expressed as g/kg BW was observed for diets containing SFC. Possibly, the intake limitation
observed in current study occurred due to the physical action of fibre in the rumen, since, by including
the SFC, the NDF of the diet increased by up to 4%. Also, digestion of the diet can be effective on feed
intake. Diet digestibility has a positive correlation with intake. In the current study, feed intakes were
similar, but differences were detected for nutrient digestibility among treatments. The cause for these
results is unknown but it might be due to the fact that diets were isocaloric but contained different
percentages of fibre.

The highest NFC intake was observed for the control diet based on corn and soybean meal. In fact, these
two ingredients have high levels of NFC of rapid ruminal degradation. In particular, the NFC intake
decreased 1 g (as average) for each unit of SFC added to the TMR. The reduction in the NFC intake
observed in the current study with SFC inclusion was probably due to the reduction of the levels of this
fraction in the diets which, in turn, is directly related to the increase of the EE contents of TMR with
higher levels of SFC.

Some authors have observed a decrease in the nutrient digestibility with sunflower inclusion in the
diets for lambs (Alves et al,, 2016). However, in the current study, the highest apparent digestibility of
nutrients was observed for TMR containing 5% SFC decreasing with diets containing 10 or 15% SFC,
probably as a consequence of the higher content of EE and fibre compounds of diets containing 10
or 15% of SFC. Similar to our results, Lima et al. (2018a) found a linear decrease of the DM apparent
digestibility of lambs fed diets containing 10, 20, and 30% SFC. The high digestibility found in the
current study for CP with the diet containing 5% of SFC confirms the results observed by Mupeta et al.
(1997). In addition, Oliveira et al. (2007) found higher CP digestibilities when replacing 25 and 50% of
soybean and corn by SFC than with diets without SFC. Similarly to current results, a quadratic response
was found by Garcia et al. (2004), when evaluating the EE digestibility of sunflower meal in diets for
dairy cattle. Notably, the apparent digestibility of EE may be overestimated for the biosynthesis of lipids
by microorganisms in the rumen and cecum in diets with low EE content, such as the control diet
(Moura et al,, 2015). Regarding fibre digestibility, the SFC fibre has low digestibility due to its high
content of lignin. However, Santos et al. (2014) evaluated the digestibility of oilseed byproducts in lamb
diets and found that the digestibility of total carbohydrates was 76% for SFC diet, similarly to that
obtained for diets containing soybean and peanut pie. Differences reported among studies for apparent
digestibility of nutrients could be attributed to differences in chemical composition among batches of
SFC used, resulting in difference in digestibility or ruminal fermentation characteristics.
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The major purpose of replacing soybean meal with alternative sources such as SFC is to reduce animal
production costs (Mongao et al., 2018). Sunflower is one of the four major predominant oleaginous
cultures in the world, widely cultivated in the five continents (USDA, 2016). Therefore, SFC could be an
alternative raw material globally available.

In the economic evaluation, the OC decreased with the inclusion of SFC compared with the control
diet. In fact, diet containing 15% of SFC presented the lowest OC and the lowest gross revenues due to
the substitution of corn and soybean meal by SFC. Therefore, and despite the reduction in diet costs,
and consequently in total OC, the inclusion of SFC in lamb diets did not generate the best profitability.
Moreover, current results showed that the benefit:cost ratio was positive for all treatments with the
TMR including 5% of SFC having the same benefit:cost ratio than the control diet, standing out as the
best option of profitability. Similarly, Mongio et al. (2018) concluded that the inclusion up to 10% SFC
in the diet of feedlot lambs increased the economic viability of the activity with a higher net revenue
for marketing live or slaughtered animals. Therefore, inclusion level of 5% of SFC in lamb diets could be
recommended under the economical point of view.

5. Conclusions

According to current results, sunflower cake with the chemical composition used in this study can be
included in diets for confined lambs in up to 15% without damage to slaughter body weight, feed intake,
or feed conversion ratio. However, an inclusion level of 5% of sunflower cake is recommended if the
apparent digestibility of nutrients and the benefit:cost ratio are considered, thus being an alternative
to corn and soybean meal in lamb diets.
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