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ABSTRACT. We hypothesized that the inclusion of calcium salts of fatty acid (CSFA) into 

the diets and the fatty acid (FA) profile of the supplements would impact performance and 

meat characteristics of Bos indicus bulls. Hence, the objective was to evaluate the effects of 

CSFA profiles on intake, body weight (BW), carcass and meat characteristics of feedlot-

finished Bos indicus bulls. Fifty-three Nellore bulls [initial BW 315 ± 5.9 kg and 20 ± 2 mo] 

were used. At the beginning, 6 bulls were randomly chosen and slaughtered for determination 

of their BW composition, and the remaining 47 bulls were evaluated during a 140-day 

experimental period. The bulls were placed in individual pens, blocked according to initial 

BW and randomly allocated to 1 of the 3 following treatments: 1) control diet containing 

sugarcane bagasse, ground corn, citrus pulp, peanut meal, and mineral-vitamin mix (CON), 

2) CON with the addition of 3.3% of CSFA from soybean oil (CSO), or 3) CON with the 

addition of a mixture of 3.3% of CSFA from palm, soybean, and cottonseed oils (CPSCO). 

Diets were offered ad libitum and formulated to be isonitrogenous. Bulls supplemented with 

CSFA had a greater (P < 0.01) final BW, dry matter intake, average daily gain (ADG), feed 

efficiency (FE), and fatty acid (FA) intake vs. CON. Among carcass parameters, CSFA-

supplemented bulls had greater (P < 0.01) carcass ether extract concentration vs. CON bulls. 

When the CSFA profile was evaluated (CSO vs. CPSCO), CPSCO bulls had a better (P ≤ 

0.03) FE, carcass ADG, and hot carcass weight (HCW) vs. CSO bulls. The FA intakes 

differed among CSFA treatments, as the total saturated, palmitic, and oleic FA intakes were 

greater for CPSCO (P < 0.01), whereas lower intakes of total unsaturated and 

polyunsaturated FA (P < 0.01) were observed for CPSCO vs. CSO. Samples from the 
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Longissimus muscle contained greater palmitoleic (P = 0.01) and reduced linoleic (P = 0.02) 

FA concentrations in CSFA-supplemented bulls vs. CON bulls. In agreement with the FA 

intakes, CPSCO-supplemented bulls had a greater (P ≤ 0.05) unsaturated FA concentration 

vs. CSO in Longissimus muscle. In summary, CSFA supplementation improved the 

performance of finishing B. indicus bulls vs. CON. Moreover, the inclusion of CSFA from 

palm, soybean, and cottonseed oil benefited the FE, carcass ADG, and HCW compared to the 

inclusion of CSFA from soybean oil, demonstrating the potential of specific FA for 

improving the performance and meat quality of B. indicus bulls. 

 

Keywords: Bos indicus, calcium salts of fatty acids, fatty acid profile, meat, performance 
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LIST OF ABBREVIATIONS 

ADF, acid detergent fiber  

ADG, average daily gain 

BFT, backfat thickness 

BW, body weight  

CP, crude protein 

CSFA, calcium salts of fatty acid 

DE, digestibility energy 

DM, dry matter 

DMI, dry matter intake  

DP, dressing percent 

EE, ether extract 

FA, fatty acid 

FE, feed efficiency 

HCW, hot carcass weight  

KPH, kidney, pelvis, and heart fat  

ME, metabolizable energy 

MP, microbial protein  

NDF, neutral detergent fiber  

NEm, net energy for maintenance 
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NEg, net energy for gain  

OM, organic matter 

PUFA, polyunsaturated fatty acid 

REA, ribeye area 

SFA, saturated fatty acid 

TDN, total digestible nutrients  

WBSF, Warner-Bratzler Shear Force 
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INTRODUCTION 

Over the years, the utilization of lipid ingredients in feedlot diets has been increasing 

in Brazil (Pinto and Millen, 2016), and one of the major associated benefits is an 

improvement in the dietary energy density (NASEM, 2016). Among the lipid feedstuffs, 

whole cottonseed and calcium salts of fatty acids (CSFA) have been the main choice in 

Brazilian feedlot production settings (Pinto and Millen, 2016). Specifically, for CSFA, 

studies in the literature have demonstrated that its inclusion in feedlot diets improved the 

average daily gain (Fiorentini et al., 2012), carcass (Rosa and Silva et al., 2019), and meat 

traits (Andrade et al., 2014). In addition to its impacts on performance, CSFA supplies fatty 

acids (FA) with biological and nutrigenomic effects in cattle (Ladeira et al., 2012; Choi et al., 

2013). As an example, recent studies by de Souza et al. (2017; 2018) demonstrated the effects 

of different FA profiles (e.g., palmitic, stearic, linoleic, and oleic) on improving the 

productive responses (milk yield, feed efficiency) and nutrient digestibility of dairy cattle, 

though data for beef cattle are still scarce.  

Bos indicus (i.e., Nellore) meat is recognized as lean, with a low marbling score 

(Martins et al., 2015). Therefore, nutritional strategies must be evaluated for improving the 

meat characteristics of Nellore cattle. In this context, CSFA utilization might gain some 

attention in the beef industry, as specific FA impact the expression and activity of genes 

involved in lipid metabolism and the carcass quality (Jump, 2002). More specifically, 

saturated FA (SFA) upregulates the activity of genes involved in lipid metabolism, whereas 

polyunsaturated FA (PUFA) downregulates these genes (Choi et al., 2015), impacting the 

beef cattle performance and meat quality. Based on this rationale, we hypothesized that 

replacing corn by CSFA supplementation to B. indicus bulls would improve performance 

(body weight and average daily gain) and carcass and meat characteristics due to greater 

energy. Besides that, the CSFA profile would impact performance and carcass and meat 
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characteristics of B. indicus bulls due to specific FA. Therefore, our objective was to evaluate 

the effects of supplementation with different FA profiles on the performance, carcass 

characteristics, and meat traits of finishing Nellore bulls. 

 

MATERIALS AND METHODS 

This experiment was conducted at the Pólo Regional do Desenvolvimento 

Tecnológico dos Agronegócios da Alta Mogiana (APTA; Colina, SP, Brazil; 20°42’48” S, 

48°32’27” W, and an elevation of 595 m) from April to August 2015. All animals used in the 

present study were cared for in accordance with acceptable practices and experimental 

procedures reviewed and approved by the Universidade Estadual Paulista (UNESP) 

Institutional Animal Care and Use Committee (IACUC #15468/15). 

Animals, experimental design, and treatments 

Finishing Nellore bulls (n = 54; 20 ± 2 months of age) with an initial body weight of 

315 ± 5.9 kg were enrolled in the present study. On day 0, 6 bulls were randomly chosen and 

slaughtered for determination of the initial BW composition of the bulls, while the remaining 

48 bulls were placed in individual roofed feedlot pens (2 × 5 m) containing a feedbunk and 

water trough. 

The remaining 48 bulls were blocked according to the initial BW (16 blocks; 3 

animals/block). Prior to treatment offering, one animal was removed from the experiment due 

to health issues and, therefore, 1 block contained only 2 animals, with a total of 47 bulls 

evaluated during a 140-day experimental period. The bulls within blocks were randomly 

allocated into 1 of the 3 following treatments: 1) control diet without CSFA (CON; n = 16), 

2) CON diet with CSFA from soybean oil (CSO; n = 16; Nutri Gordura; Nutricorp, Araras, 

SP, Brazil), and 3) CON diet with CSFA from palm, soybean, and cottonseed oils (CPSCO; 

n = 16; Nutri Gordura Terminação; Nutricorp). The FA profiles of the CSFA sources (CSO 
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and CPSCO) used herein are reported in Table 1. The level of CSFA inclusion was 3.3% of 

the finishing diet (Table 2). 

Diets and feeding management 

In the present study, diets were formulated to be isonitrogenous and to promote an 

average daily gain of approximately 1.5 kg (NRC, 2000; Table 2). Regardless of the FA 

source (CSO vs. CPSCO), CSFA replaced ground corn, and the CSFA diets (CSO and 

CPSCO) were isolipidic in order to allow a direct comparison of the effects of the FA profiles 

on the parameters evaluated herein (Table 2). During the initial 50 days of the experimental 

period, adaptation and growing diets were offered to the bulls. The transition between 

growing and finishing diets was performed from days 51 to 56 of the study by offering the 

growing diet in the morning and the finishing diet at the afternoon feeding. From day 57 to 

the end of the experimental period (day 140), all bulls received the finishing diet in equal 

proportions twice a day (0800 and 1500 h) in amounts to ensure ad libitum intake and 1 to 

3% of orts based on the as-fed amount offered (less than a 1% increase in the offered and 

more than a 3% decrease in the offered). 

Intake, performance, and nutrient digestibility 

Throughout the experimental period, the individual DM intake (DMI) was evaluated 

daily, whereas the shrunk BW was measured on days 0 and 140 (after 16 h of feed and water 

withdrawal) for subsequent average daily gain (ADG) and feed efficiency (FE) calculations. 

From days 86 to 88 of the experimental period, individual total fecal collection was 

performed to determine the apparent nutrient digestibility. Fecal samples were collected 

directly from the ground immediately after defecation. Each day, the fecal samples were 

manually sampled and homogenized, and a subsample (approximately 10% of the wet 

weight) was collected. The subsample was partially dried in a forced-air stove at 55°C for 72 

h and then ground in a mill containing a mesh with 1-mm sieves (MA-680; Marconi 
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Equipamentos, Piracicaba, SP, Brazil). Following grinding, representative subsamples from 

the 3 sampling days were stored until further laboratory analysis (-20°C). During the fecal 

collection period (days 86 to 88), the feed offered was limited to the average DMI from the 

previous 3 days, and when orts were observed, a sample was collected and analyzed.  

For individual diet feedstuffs, the total digestible nutrients (TDN) were calculated 

according to the tabular digestibility values reported by the NRC (2001). Digestibility energy 

(DE) values were calculated according to equations reported by the NRC (2001), whereas the 

metabolizable energy (ME), net energy for maintenance and gain (NEm and NEg, 

respectively) were estimated according to equations reported by the NASEM (2016). 

The intakes of NEm (Mcal/d; Lofgreen and Garrett, 1968) and NEg (Mcal/d; NRC, 

1984) were calculated according to previously published equations. The diet NEg (Mcal/kg 

DM) was calculated as a function of the diet NEm (Mcal/kg DM), following the equations 

previously reported by Zinn and Shen (1998). 

Laboratory analysis 

Samples of feedstuffs, orts, and feces were collected and dried in a forced-air stove at 

55°C for 72 h, ground in a 1-mm sieve mill and analyzed for the DM (method 934.01), crude 

protein (CP; method 978.04), ether extract (EE; method 920.39), and ash (method 924.05) 

according to methodologies previously validated and reported by the AOAC (1995). 

Moreover, EE quantification of the CSFA ingredients was performed by method 954.02 from 

the AOAC (1990). The FA profiles of FA sources and diets were determined according to 

procedures described in AOCS (2009). The neutral and acid detergent fiber (NDF and ADF, 

respectively) were analyzed following the methodology described by Robertson and Van 

Soest (1981), while nonfiber carbohydrate determination followed the NRC (1996). 
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Slaughter, carcass characteristics and chemical composition 

 At the beginning of the experiment, 6 bulls were slaughtered and used as a reference 

for the initial BW (mean = 326 ± 22.2 kg), dressing percent (DP; mean = 51.8 ± 1.36 %), and 

hot carcass weight (HCW; mean = 169 ± 11.5 kg). Following a regression equation for the 

shrunk BW and HCW of these bulls (Equation 1), the initial carcass weight of the bulls 

enrolled in the present study was estimated (n = 47): 

Equation 1: y = 0.482 (± 0.111) x + 11.8 (± 36.1; R
2
 = 0.864; RMSE = 4.90),  

where y = initial carcass weight (kg), and x = shrunk initial BW (kg). 

At the end of the 140-day feedlot period, all bulls were slaughtered in a commercial 

packing plant (Minerva Foods; Barretos, SP, Brazil) located approximately 20 km from the 

experimental site. All procedures followed the guidelines reported in the Regulamento de 

Inspeção Sanitária e Industrial para Produtos de Origem Animal (Brasil, 2000). Sampling, 

weighing, and collection of the major metabolic organs (liver, spleen, heart, and kidney), as 

well as kidney, pelvic, and inguinal fat, were evaluated. 

All carcasses were individually identified and weighed for HCW determination and 

DP calculation by dividing HCW and final BW. As the initial carcass weight was estimated 

(Equation 1) and the final carcass weight was obtained at slaughter, the carcass ADG and FE 

were calculated. More specifically, the carcass ADG was calculated by subtracting the final 

from the initial carcass weight and dividing the result by the number of days on feed, whereas 

the carcass FE was calculated by dividing the carcass gain by the total DMI. Moreover, 

approximately 24 h postslaughter with cold-chamber storage, all carcasses were weighed for 

cooling loss determination (in kg). Concurrently with cooling loss determination, the ribeye 

area (REA), backfat thickness (BFT), and pH were measured on the left side of the carcass 

from the Longissimus muscle between the 12
th

 and 13
th

 ribs (Cañeque and Sañudo, 2005). 

The pH measurement was performed using a potentiometer with digital identification, a 
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temperature compensation sensor, and a glass electrode adequate for pH analysis at depth 

(model 1001-001, Sentron; Amsterdam, Netherlands).  

For the determination of the carcass chemical composition, a section between the 9
th

 

and 11
th

 ribs (HH section) was collected according to the methodology described by Hankins 

and Howe (1946). The HH section was removed from the primal rib. The analytical 

procedure used herein followed methodologies recommended by the AOAC (1990) for 

moisture (method 950.46), protein (method 928.80), EE (method 960.39), and ash (method 

920.153) determination. The values obtained in the analysis were used in the equations 

proposed by Paulino et al. (2006) for determination of the carcass chemical composition. 

Meat quality evaluation 

 Approximately 24 h postslaughter, 4 steaks (2.54 cm thick each) from the 

Longissimus muscle were collected from each animal, individually identified, and vacuum-

packed until further laboratory analysis. Of the 4 steaks collected, one was used for chemical 

determination, 2 steaks were used for determination of the muscle and fat color, cooking loss, 

and shear force at 0 and 14 days of aging, and the last one was used for Longissimus muscle 

FA profile analysis. Longissimus muscle colorimetric, chemical composition, cooking loss, 

and shear force analyses were conducted at the University of Lavras via a proximal infrared 

methodology (method 2007-04; Anderson, 2007) with the FoodScanTM device (FOSS, 

Hillerod, Denmark). 

 Approximately 30 minutes prior to color determination, the steaks were removed from 

the vacuum package and had their surface exposed to air for myoglobin oxygenation. The 

methodology used for meat and fat color determination was described by Aroeira et al. 

(2017), in which a spectrophotometric colorimeter Minolta CM-700 (Konica Minolta, Osaka, 

Japan) with an 8 mm opening, illumination A, and observation angle of 10° using the CIE L*, 

a*, and b* system. The following color parameters were used: L* is a lightness index (0 = 
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black and 100 = white), a* is the intensity of red color expressed as an index that ranges from 

green (-) to red (+), and b* is the intensity of yellow color expressed as an index ranging from 

blue (-) to yellow (+; Houben et al., 2000). The color was measured in 5 random spots on the 

Longissimus muscle and fat, and the average values were used for statistical analysis.  

The Longissimus muscle tenderness was evaluated according to the Warner-Bratzler 

Shear Force (WBSF) methodology. Steaks were thawed in a refrigerator (4°C) for 24 h and 

then grilled in a grill plate (George Foreman; Middleton, WI) with inferior and superior 

heating. The steak temperature was monitored with a stem thermometer (Omega Engineering; 

Stamford, CT) placed in the geometrical center of the steak until the internal temperature 

reached 68°C (Wheeler et al., 1997). The steaks were removed from the grill and kept at 

room temperature to cool. Six cores parallel to the longitudinal axis of the muscle fibers (1 

cm
2
 × 2.54 cm length) were removed from each steak. Each nucleus was sliced once in the 

center perpendicular to the fiber direction with a Warner-Bratzler blade coupled to a TA.XT-

plus texturometer device (Stable Micro Systems Ltd.; Godalming, Surrey, UK) using a 5.0 

mm/sec pre- and posttest speed and a 3.3 mm/sec speed during the test. Last, the cooking loss 

was calculated as the difference in the weight of the steaks pre- and postgrilling. 

Fatty acid profile determination was performed according to the methodology 

described by Folch et al. (1957), as the lipid fraction was methylated, and the methyl esters 

were originated following techniques described by Kramer et al. (1997). Qualitative and 

quantitative measurements of fatty acids were performed via gas chromatography (GC-2010 

Plus autoinjector - AOC 20i; Shimadzu Scientific Instruments, Kyoto, Japan) using a 100 m 

× 0.25 mm diameter column of 0.02 µm thick (Supelco SP-2560; Sigma Aldrich Pty Ltd., 

Castle Hill, Australia). The initial temperature was kept at 70°C for 4 min, with progressive 

heating (13°C/min) until the temperature reached 175°C, and this temperature was 

maintained for 27 min. Following this step, 4°C/min increases were obtained until the 
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temperature reached 215°C, and this temperature was maintained for 31 min. Hydrogen gas 

was used as the carrier with a 40 cm
3
/sec flux. Fatty acids were identified and quantified and 

the peak areas were normalized using software (GC solution) with a standard (nonadecanoic 

acid; C19:0).  

Statistical analysis 

For all analyses performed herein, the animal was considered the experimental unit, 

and SAS was used as the statistical software (version 9.4; SAS Inst. Inc., Cary, NC). The 

model statement used for all analysis contained the fixed effects of treatment and block as a 

random effect. For all variables analyzed, the normality of variance was evaluated using the 

Cramér-von Mises test, with a 10% probability and the presence of outliers. The 

mathematical model used was as follows: 

Yij = µ+ Ƭi + bj + eij,  

where Yij = observed value on the experimental unit from treatment i and block j, µ = 

overall mean, Ti = treatment i, bj = block j, and eij = experimental error (residue). 

For the specific mean analysis and comparison, orthogonal contrasts were used to 

partition specific treatment effects, given that the contrast 1) compared the effect of CSFA 

inclusion (CON vs. CSO + CPSCO) and 2) compared the effect of the FA profiles of CSFA 

(CSO vs. CPSCO) in feedlot diets. For all the data, significance was set at P ≤ 0.05, and 

tendencies were denoted if 0.05 < P ≤ 0.10.  

RESULTS 

Intake and nutrient digestibility 

The dry matter and EE intakes were 11.7 and 81.6% greater (P < 0.01), respectively, 

for CSFA-supplemented vs. CON bulls (Table 3). Moreover, the organic matter (OM) intake 

tended to be greater for bulls supplemented with CSFA (P = 0.10). No further differences 

were observed in the CP, NDF, and NFC intakes (P ≥ 0.13). Similarly, when the CSFA 
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source offered to cattle was evaluated, no differences were observed in the DM and other 

nutrient intakes (P ≥ 0.82; Table 3). According to the EE intake data, CSFA supplementation 

increased the intake of all analyzed FA (P < 0.01; Table 4). Additionally, CSO 

supplementation reduced the total SFA and increased the total UFA and PUFA intakes vs. 

CPSCO-supplemented bulls (P < 0.01; Table 4). Nonetheless, the palmitic and oleic FA 

intakes were greater for beef bulls offered CPSCO compared to CSO (P < 0.01; Table 4). 

In agreement with our experimental design, CSFA supplementation improved the 

lipid digestibility (P < 0.01; Table 3), and CPSCO-supplemented bulls had a greater 

digestibility of lipids compared with CSO-supplemented bulls (+ 5.4%; P = 0.02; Table 3). 

On the other hand, CSFA supplementation reduced (P = 0.05), and the CSFA source did not 

impact (P = 0.59) the CP digestibility. Furthermore, neither CSFA nor its source (CSO and 

CPSCO) affected the digestibility of other nutrients evaluated herein (P ≥ 0.16; Table 3). 

Performance and carcass characteristics 

Bulls supplemented with CSFA during the 140-day experimental period were heavier, 

gained more BW daily, and had a greater FE compared with CON bulls (P < 0.01; Table 5), 

and the dietary NEm and NEg were improved by 6.1 and 7.5%, respectively (P < 0.01). 

Following slaughter, the HCW (+ 22.5 kg), carcass ADG (+ 160 g/day), carcass FE (+ 9 

g/kg), BFT (+ 39.6%), and REA (+ 7.52%) were all greater for CSFA-supplemented vs. CON 

bulls (P ≤ 0.04; Table 5). 

In the CSFA source comparison, bulls supplemented with CPSCO had greater FE, 

NEm, and NEg values compared to CSO bulls (P < 0.01; Table 5), but no differences were 

observed in the final BW and ADG (P > 0.11). For carcass parameters at slaughter, the HCW, 

carcass ADG, and carcass FE were all greater for CPSCO-supplemented cattle (P ≤ 0.03), 

and the DP and REA tended to be greater (P ≤ 0.08; Table 5). No CSFA source effects were 
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observed on the cooling loss, carcass pH, liver, or kidney, pelvis, and heart fat weight as a % 

of the HCW (KPH; P ≥ 0.39; Table 5). 

Carcasses from cattle supplemented with CSFA had reduced (P < 0.01) proportions of 

water and protein but a greater EE compared to CON bulls (Table 6). Moreover, no 

differences were observed when CSO and CPSCO were compared (P ≥ 0.28; Table 6). 

Supplying CSFA in feedlot diets yielded a greater ME intake, energy retention, and 

efficiency by which energy was transferred into the carcass (P < 0.01) compared with CON 

(Table 6). Among the CSFA sources, CPSCO-supplemented bulls were more efficient in 

energy transfer to the carcass vs. CSO bulls (P = 0.04; Table 6). 

Quality and chemical composition of the Longissimus muscle 

Neither CSFA supplementation nor its source (CSO and CPSCO) affected the cooking 

loss, WBSF, or muscle and fat colors (P ≥ 0.08; Table 7). Nonetheless, at time 0, the b* 

muscle color was greater for bulls fed CPSCO compared to CSO (P = 0.03; Table 7). 

Moreover, at 14 d (aging time), the L* muscle color was greater for bulls fed CPSCO 

compared to CSO (P = 0.04; Table 7).  

For the chemical composition of the Longissimus muscle, CSFA supplementation 

increased the EE on the carcass (P = 0.04; Table 8). Additionally, moisture tended to 

decrease as CSFA was included in feedlot diets (P = 0.10), but no effects were observed due 

to the CSFA source (P ≥ 0.17; Table 8). 

Fatty acid profile of the Longissimus muscle 

The CSFA supplementation reduced the Longissimus muscle palmitoleic 

concentration (C16:1 cis-9; P = 0.01) and tended to reduce the oleic concentration (C18:1 cis-

9), arachidonic concentration (C20:4 n-6), total MUFA, and MUFA:SFA ratio (P ≤ 0.09; 

Table 9) compared to CON. As expected according to the experimental design and the FA 

profiles of the diets, Longissimus muscle obtained from bulls supplemented with CSFA had a 
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greater linoleic concentration (C18:2 cis-9, cis-12; P = 0.02) and tended to have a greater 

total PUFA (P = 0.10; Table 9).  

The total UFA concentration was greater (P = 0.04) in Longissimus muscle obtained 

from CPSCO-supplemented bulls vs. CSO bulls (Table 9). Hence, Longissimus muscle from 

these bulls had a greater MUFA:SFA ratio (P ≤ 0.05; Table 9). Conversely, Longissimus 

muscle from CSO-supplemented bulls had a higher myristic (C14:0; P = 0.05) FA 

concentration but also tended to have greater heptadecanoic and stearic (C17:0 and C18:0, 

respectively) FA concentrations compared with CPSCO-supplemented bulls (P = 0.06; Table 

9). 

 

DISCUSSION 

There is no consensus reported in the literature regarding the effects of CSFA on the 

DMI, as decreases in this parameter have been observed in some studies (Shingfield et al., 

2010; Wanapat et al., 2011; da Cruz et al., 2019) but not in others (Gillis et al., 2004; Piantoni 

et al., 2013; Fiorentini et al., 2014; Barducci et al., 2015; de Souza et al., 2016a). This 

observed variation of the DMI response following CSFA supplementation might be explained 

by the basal diet offered to the herd, the rate at which CSFA is included in the diet, and the 

FA profile of the CSFA supplement, among others (de Souza et al., 2016b). In a meta-

analysis of dairy cattle data, Rabiee et al. (2012) reported that fat product supplementation 

(tallow, Ca palm FA, oilseeds, prilled fat, and other Ca salts) often decreases the DMI (mean 

decrease of 0.824 kg/cow/day), but this reduction was greatly impacted by the lipid source 

offered to the herd. More specifically, prilled fat decreased the DMI by 1.20 kg/cow/day, 

while Ca salts decreased the DMI by 0.865 kg/cow/day (Rabiee et al., 2012). In grazing dairy 

cattle, de Souza et al. (2017) observed that CSFA from palm oil did not impact the DMI, 

whereas CSFA from soybean oil supplementation caused a reduction in the DMI. In our 
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study, conversely to the aforementioned results, CSFA supplementation, regardless of the 

source, to beef cattle receiving a high-concentrate feedlot diet increased the DMI compared 

with unsupplemented bulls. In the same way, other studies have also observed a positive 

effect of CSFA supplementation on the DMI (Silva et al., 2007; Piantoni et al., 2015). The 

greater DMI in our study can be explained by stearic acid having been shown to inhibit the 

synthesis and release of cholecystokinin, which in turn would not cause a satiety effect and 

reduce the DMI (Rico et al., 2020). 

Lipid digestibility usually decreases as the FA supply increases (Palmquist, 1991). 

Recently, Boerman et al. (2015) demonstrated that increased duodenal FA flux reduced the 

FA digestibility. In grazing dairy cattle, de Souza et al. (2017) also reported that CSFA from 

palm and soybean oil supplementation in grazing dairy cattle reduced the lipid digestibility as 

the FA intake increased. In the present study, CSFA supplementation increased the lipid 

digestibility, regardless of the CSFA source, likely demonstrating the facilitation of greater 

postruminal dissociation of the CSFA under low-pH environments (i.e., abomasum and the 

proximal section of the small intestine; Boerman et al., 2015). Moreover, da Cruz et al. 

(2019) reported greater lipid digestibility (+ 7.7%) when CSFA from soybean oil was added 

at a rate of 6.0% of the diet DM. In ruminants, the FA profile of the digesta reaching the 

duodenum is a critical factor affecting the FA digestibility (de Souza et al., 2016b), and 

among specific FA, oleic acid has been reported to positively impact the FA digestibility (de 

Souza et al., 2018). In agreement with these data, CSFA-supplemented bulls also had a 

greater oleic FA intake vs. unsupplemented bulls, which improved the lipid digestibility.  

Supplementation with CSFA from soybean oil would lead to a greater lipid 

digestibility, given that polyunsaturated FA has a greater digestibility coefficient compared to 

saturated FA (Pantoja et al., 1996; Weiss and Wyatt, 2004; Harvatine and Allen, 2006; 

NASEM, 2016). Nonetheless, as reported by Piantoni et al. (2015), the effects of FA on the 
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nutrient digestibility might depend not only on the FA profile of the supplement but also on 

the specific effects and interactions of FA with other ingredients of the diet, likely impacting 

the synthesis and release of satiety hormones such as cholecystokinin, which would likely 

also affect the passage rate in the rumen and gastrointestinal tract. As an example, Batistel et 

al. (2017) reported that supplementation with CSFA from palm oil in grazing lactating dairy 

cows receiving a corn-based supplement increased the lipid digestibility, whereas de Souza et 

al. (2017) observed a reduction in this parameter. 

Even though the EE concentration and intake were greater for CSFA-supplemented 

bulls, CSFA inclusion in feedlot diets did not impact the NDF digestibility. It is important to 

mention that the observed and estimated dietary NDF and physically effective NDF 

concentrations were 28.0 and 7.9% (DM basis), respectively, which are considered to be the 

concentration necessary to keep rumen pH above 5.7, below which cattle have been shown to 

reduce DMI (8%; NRC, 2000). Moreover, the roughage source used herein contains 

significant proportions of indigestible NDF and lignin (approximately 42 and 21% on a DM 

basis, respectively; Masarin et al., 2011; Almeida et al., 2018), likely limiting any adequate 

assessment of the NDF digestibility. These data also support the hypothesis that reduced 

ruminal biohydrogenation might have occurred for CSFA-supplemented diets, given that the 

free FA and the profile of these FA might impact the function and survival of cellulolytic 

bacteria (Jenkins et al., 2008). Moreover, the roughage:concentrate ratio of the diet and the 

fibrous ingredient source might impact the NDF digestibility, as Weld and Armentano (2017) 

reported that CSFA from soybean oil supplementation did not affect the NDF digestibility in 

TMR-based herds, whereas an improvement of the NDF digestibility was observed in grazing 

dairy cattle offered a similar CSFA source to that evaluated herein (de Souza et al., 2017). 

The lower CP digestibility observed in CSFA-supplemented bulls might be explained 

by the reduced ruminal energy availability (lower soluble and fermentable carbohydrate 
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concentrations) due to the partial replacement of corn by CSFA. Therefore, a reduced amount 

of energy would be readily available to ruminal microorganisms and, consequently, for 

microbial protein (MP) synthesis (Hall and Huntington, 2008). Bhatt and Sahoo (2017) 

observed that the inclusion of urea and CSFA increased the CP digestibility of culling ewes, 

but it is noteworthy that CSFA was included in the diets at the expense of mustard meal and 

sesame. These authors suggested that the nutrient synchrony in the rumen (protein and 

energy) might improve the MP synthesis and increase the CP digestibility, even when CSFA 

sources are included in ruminant diets. 

Animal performance is a function of the animal DMI, and the improved performance 

of CSFA-supplemented bulls might be attributed to the greater DMI (Fiorentini et al., 2012; 

Fiorentini et al., 2014). Moreover, the greater energy efficiency of lipids vs. carbohydrates 

and proteins allows a greater ME availability to the herd (Zinn and Shen, 1996; Hales et al., 

2017), which, in turn, might be more efficiently deposited into muscle and adipose tissues. 

Therefore, the results observed herein might not be surprising, as bulls supplemented with 

CSFA had a greater performance, energy retention, ME intake, and transfer of energy 

compared with unsupplemented bulls. Funston (2004) also demonstrated that lipid 

supplementation to beef heifers improves the performance of the herd, either by a greater 

energy offering or by direct effects of specific FA on animal metabolism.  

Nonetheless, the mechanism by which CSFA supplementation improved the carcass 

ADG is currently unknown and warrants further investigation. The calculated NEm and NEg 

adjusted to the average BW, ADG, and DMI were greater for CSFA- and CPSCO-

supplemented bulls vs. unsupplemented and CSO-supplemented bulls, respectively, and these 

results coupled with other efficiency data and FA profiles of the supplements might explain 

the greater carcass ADG observed herein. It is important to mention that the CPSCO and 

CSO diets were formulated to be isocaloric and isonitrogenous, and the FA profile was the 
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only difference among these diets. Hence, the FA profile per se likely stimulated the 

expression of genes involved in energy metabolism, as has been reported in reproducing beef 

females (Cipriano et al., 2016). 

It is reported in the literature that steaks with WBSF values greater than 4.6 kg/cm
2
 

are classified as hard (Belew et al., 2003), and our results agree with this statement, even after 

a 14-day aging. In agreement with our results, Oliveira et al. (2012) and Costa et al. (2020) 

did not report positive effects of CSFA supplementation on the meat WBSF of Nellore cattle. 

In agreement with the present results, others have also reported that zebu breeds tend to 

present less tender meat (Smith et al., 2009), which is likely due to a greater mitochondrial 

efficiency of ATP production that leads to a greater resistance to meat pH drops (Ramos et 

al., 2020a; Ramos et al., 2020b). 

Determination of the carcass chemical composition is extremely important to obtain a 

better understanding of the possible effects of nutrition and specific nutrients on cattle growth 

(Cônsolo et al., 2015). In agreement with the nutritional composition of the diets, our results 

indicate that CSFA supplementation, regardless of the source, reduced the carcass moisture 

and protein but increased its EE concentration compared with unsupplemented bulls. In 

cattle, the meat chemical composition is fairly steady, composed approximately of 75% 

moisture, 19 – 25% protein, and 1 – 2% minerals, with EE values being more variable (Geay 

et al., 2001) and affected by the breed, nutrition, and physiological state (heifers, cows, 

steers, or bulls; Rotta et al., 2009) of the herd. In our study, meat obtained from CSFA-

supplemented bulls presented greater EE and reduced moisture concentration, which can be 

explained by the greater energy supply of the CSFA-supplemented diets (NEm, NEg, ME, and 

ER, as well as the deposition efficiency) and muscle hypertrophy. 

Nonetheless, ruminants have the ability to modify palmitic FA through elongation and 

desaturation of the FA chain, giving rise to stearic and oleic FA, respectively. This process is 
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mediated primarily by the enzyme stearoyl-CoA desaturase (St John et al., 1991). Increasing 

the oleic FA concentration in the carcass is beneficial to the meat quality, such as the 

palatability, flavor, and tenderness (Westerling and Hedrick, 1979).  

Last, the CSFA supplement from palm, soybean, and cottonseed oils contained 8.3% 

less stearic FA vs. CSFA from soybean oil, which was a difference that was almost mirrored 

in the concentration of this FA in the muscle (9.0% less). Opposite the expectations from the 

experimental design and diet formulation, the greater MUFA and MUFA:SFA ratio in the 

meat of unsupplemented bulls might be explained by the greater concentrations of palmitoleic 

and oleic FA compared with CSFA-supplemented bulls. 

In summary, CSFA supplementation improved the performance, carcass, and meat 

characteristics of Bos indicus feedlot bulls. Moreover, supplementation with CSFA from 

palm, soybean, and cottonseed oils improved the carcass gain and efficiency, demonstrating 

the potential of specific FA for improving the performance and meat quality characteristics of 

B. indicus cattle. 
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Table 1. Fatty acid profile of supplements used as sources of calcium salts of fatty acids 

(CSFA) during the experimental period. 

Fatty acids, %  CSO
1
 CPSCO

2
 

SFA
3
   

   C8:0 (caprilic) 0.00 0.29 

   C10:0 (capric) 0.08 0.22 

   C12:0 (lauric) 0.55 2.04 

   C14:0 (myristic) 0.37 1.18 

   C15:0 (pentadecanoic) 0.09 0.07 

   C16:0 (palmitic) 18.17 37.17 

   C17:0 (margaric) 0.16 0.14 

   C18:0 (stearic) 5.06 4.64 

   C20:0 (arachidic) 0.43 0.36 

   C22:0 (behenic) 0.28 0.16 

   C24:0 (lignoceric) 0.57 0.54 

   Total 25.76 46.81 

MUFA
4
   

   C16:1 cis-9 (palmitoleic) 0.15 0.19 

   C17:1 cis-10 (heptadecenoic) 0.10 0.08 

   C18:1 cis-9 (oleic) 27.98 36.21 

   C20:1 (eicosenoic) 0.28 0.21 

   Total 28.51 36.69 

PUFA
5
   

   C18:2 cis-9, cis-12 (linoleic) 38.27 14.80 

   C18:3 cis-9, cis-12, cis-15 (α-linolenic) 3.04 0.86 

   Total  41.31 15.66 

UFA
6
   

   Total 69.82 52.35 

Ratios   

   MUFA:SFA 1.11 0.78 

   PUFA:SFA 1.60 0.33 

   UFA:SFA 2.71 1.12 
1
CSO = CSFA from soybean oil (Nutri Gordura; Nutricorp, Araras, SP, Brazil) 

2
CPSCO = CSFA from palm, soybean, and cottonseed oil (Nutri Gordura Terminação; Nutricorp, Araras, SP, 

Brazil) 
3
SFA = saturated fatty acids 

4
MUFA = monounsaturated fatty acids 

5
PUFA = polyunsaturated fatty acids 

6
UFA = unsaturated fatty acids. 
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Table 2. Composition and nutritional profile of the diets offered to Bos indicus cattle during 

the experimental period 

Ingredient, %DM 
Adaptation and Growing  Finishing 

CON CSO CPSCO  CON CSO CPSCO 

Sugarcane bagasse 20.3 20.3 20.3  12.3 12.3 12.3 

Ground corn 35.2 32.5 32.5  49.2 45.9 45.9 

Citrus pulp 24.3 24.3 24.3  23.0 23.0 23.0 

Peanut meal 17.5 17.5 17.5  12.5 12.5 12.5 

Mineral-vitamin mix
2
 2.7 2.7 2.7  3.0 3.0 3.0 

Nutri Gordura
3
 -- 2.7 --  -- 3.3 -- 

Nutri Gordura Terminação
4
 -- -- 2.7  -- -- 3.3 

Nutritonal profile
5
      

   DM, % 81.3 81.5 81.5  85.0 85.3 85.3 

   CP, % DM 17.1 16.9 16.9  15.8 15.5 15.5 

   EE, % DM 3.0 5.0 5.0  3.7 6.2 6.2 

   NDF, % DM 35.3 35.1 35.1  28.3 28.0 28.0 

   ADF, % DM 19.7 19.7 19.7  16.1 16.0 16.0 

   Ash, % DM 7.7 8.3 8.3  7.3 8.0 8.0 

   NFC, % DM
 

36.8 34.7 34.8  45.0 42.4 42.3 

   TC, % DM
 

72.1 69.8 69.8  73.0 70.3 70.3 

   TDN, % DM
 

66.8 67.8 68.4  70.2 71.4 72.3 

   NEm, Mcal/kg 1.53 1.56 1.58  1.63 1.68 1.70 

   NEg, Mcal/kg 0.93 0.96 0.98  1.03 1.06 1.09 

Fatty acid profile
6
, % EE       

SFA        

   C10:0 (capric) 0.10 0.10 0.11  0.09 0.10 0.10 

   C12:0 (lauric) 0.74 0.75 0.79  0.60 0.61 0.66 

   C14:0 (myristic) 0.79 0.79 0.82  0.63 0.63 0.66 

   C16:0 (palmitic) 20.2 20.3 20.8  18.6 18.7 19.4 

   C17:0 (margaric) 0.18 0.18 0.18  0.18 0.18 0.18 

   C18:0 (stearic) 9.58 9.61 9.60  7.79 7.82 7.81 

   C20:0 (arachidic) 1.00 0.99 0.99  0.84 0.83 0.83 

   C22:0 (behenic) 1.29 1.29 1.29  1.00 0.99 0.99 

   C24:0 (liginoceric) 0.88 0.88 0.88  0.73 0.73 0.73 

   Total 34.8 34.9 35.5  30.4 30.7 31.4 

MUFA        

   C16:1 cis-9 (palmitoleic) 0.47 0.47 0.47  0.38 0.38 0.38 

   C17:1 cis-10 (heptadecenoic) 0.12 0.12 0.12  0.11 0.12 0.11 

   C18:1 cis-9 (oleic) 33.2 33.1 33.3  32.3 32.2 32.5 

   C20:1 (eicosenoic) 0.36 0.36 0.35  0.29 0.29 0.29 

   Total 34.2 34.1 34.2  33.1 33.0 33.3 
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PUFA        

   C18:2 (linoleic) 26.8 26.6 25.9  31.9 31.6 30.8 

   C18:3 (α-linolenic) 1.38 1.43 1.37  1.46 1.53 1.45 

   Total 28.2 28.0 27.3  33.3 33.1 32.3 

UFA        

   Total 62.4 62.1 61.5  66.4 66.1 65.6 
1
CON = control diet without calcium salts of fatty acids; CSO = CON diet with the addition of calcium salts from 

soybean oil; CPSCO = CON diet with the addition of calcium salts from palm, soybean, and cottonseed oil 
2
Mineral-vitamin levels: Zinc 728 mg/kg, iron 221 mg/kg, Fluor (max.) 106 mg/kg, Calcium 116 g/kg, Selenium 3 

mg/kg, Phosphorus 14 g/kg, Manganese 226 mg/kg, Copper 221 mg/kg, Cobalt 29 mg/kg, Iodine 21 mg/kg, Sodium 

44 g/kg, Sulfur 43 g/kg, Potassium 47 g/kg, Monensin 1,000 mg/kg, Virginyamicin 500 mg/kg, and Urea = 38% of 

mix composition 
3
Nutri Gordura = calcium salts of fatty acids from soybean oil (Nutricorp, Araras, SP, Brazil)  

4
Nutri Gordura Terminação = calcium salts of fatty acids from palm, soybean, and cottonseed oil (Nutricorp, 

Araras, SP, Brazil) 
5
DM = dry matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber; ADF = acid detergent 

fiber; NFC = nonfiber carbohydrate; TC = total carbohydrates; TDN = total digestible nutrients; NEm = net energy 

for maintenance; NEg = net energy for gain 
6
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; UFA = 

unsaturated fatty acids. 
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Table 3. Intake and apparent nutrient digestibility of Bos indicus finishing bulls receiving a 

feedlot diet without the addition of calcium salts of fatty acids (CON; n = 16), containing 

calcium salts from soybean oil (CSO; n = 16), or calcium salts from palm, soybean, and 

cottonseed oil (CPSCO; n = 15)
1
 

Item
2
 

Treatments 

 SEM 

 P-Value
3
 

CON CSO CPSCO 

 

 C1 C2 

Intake, kg/day         

   OM 6.53 7.13 7.08  0.28  0.10 0.92 

   DM 7.27 8.15 8.08  0.24  < 0.01 0.83 

   CP 1.10 1.19 1.18  0.05  0.15 0.82 

   EE 0.266 0.483 0.483  0.02  < 0.01 1.00 

   NDF 1.91 2.06 2.07  0.08  0.13 0.96 

   NFC 3.27 3.38 3.35  0.13  0.52 0.91 

Digestibility, %         

   OM, % 80.6 79.4 79.8  0.59  0.16 0.61 

   DM, % 77.7 76.6 76.9  0.69  0.24 0.74 

   CP, % 78.8 77.4 76.9  0.68  0.05 0.59 

   Lipid, % 64.0 72.2 77.6  1.54  < 0.01 0.02 

   NDF, % 59.9 60.0 59.2  1.57  0.87 0.71 

   NFC, % 94.6 93.0 93.7  0.79  0.22 0.53 

1
Experimental diets were offered for 140 days

 

2
OM = organic matter; DM = dry matter; CP = crude protein; EE = ether extract; NDF = neutral detergent 

fiber; NFC = nonfiber carbohydrate 
3
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 4. Fatty acid intake (g/day) of Bos indicus finishing bulls receiving a feedlot diet 

without the addition of calcium salts of fatty acids (CON; n = 16), containing calcium salts 

from soybean oil (CSO; n = 16), or calcium salts from palm, soybean, and cottonseed oil 

(CPSCO; n = 15)
1
 

Items
2
 

Treatments  
SEM 

 P-Value
3
 

CON CSO CPSCO   C1 C2 

SFA         

  C10:0 (capric) 0.200 0.387 0.671  0.014  < 0.01 < 0.01 

  C12:0 (lauric) 1.15 2.35 5.35  0.103  < 0.01 < 0.01 

  C14:0 (myristic) 1.15 1.99 3.62  0.074  < 0.01 < 0.01 

  C16:0 (palmitic) 42.4 82.2 120  2.600  < 0.01 < 0.01 

  C17:0 (margaric) 0.454 0.814 0.768  0.020  < 0.01 0.14 

  C18:0 (stearic) 15.1 25.6 25.7  0.677  < 0.01 0.36 

  C20:0 (arachidic) 1.75 2.75 2.60  0.071  < 0.01 0.16 

  C22:0 (behenic) 1.95 2.71 2.45  0.071  < 0.01 0.02 

  C24:0 (lignoceric) 1.56 2.84 2.77  0.071  < 0.01 0.51 

  Total 65.7 123 164  3.679  < 0.01 < 0.01 

MUFA         

   C16:1 cis-9 (palmitoleic) 0.699 1.07 1.14  0.029  < 0.01 0.08 

   C17:1 cis-10 (heptadecenoic) 0.285 0.506 0.471  0.013  < 0.01 0.06 

   C18:1 cis-9 (oleic) 82.4 145 161  3.952  < 0.01 < 0.01 

   C20:1 (eicosenoic) 0.546 1.14 1.00  0.027  < 0.01 < 0.01 

   Total 83.9 147 164  4.153  < 0.01 < 0.01 

PUFA         

   C18:2 cis-9, cis-12 (linoleic) 92.7 175 127  3.970  < 0.01 < 0.01 

   C18:3 cis-9, cis-12, cis-15 (α-linolenic) 3.72 10.1 5.75  0.199  < 0.01 < 0.01 

   Total 96.4 185 133  4.168  < 0.01 < 0.01 

UFA         

   Total 180 332 297  8.414  < 0.01 < 0.01 
1
Experimental diets were offered for 140 days

 

2
SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; UFA 

= unsaturated fatty acids 
3
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 5. Performance and carcass characteristics of Bos indicus finishing bulls receiving a 

feedlot diet without the addition of calcium salts of fatty acids (CON; n = 16), containing 

calcium salts from soybean oil (CSO; n = 16), or calcium salts from palm, soybean, and 

cottonseed oil (CPSCO; n = 15)
1
 

Items
2
 

Treatments 
 SEM 

P-Value
3
 

CON CSO CPSCO 
 

C1 C2 

Live Basis        

  Initial BW, kg 315 315 315 
 

1.52 - - 

  Final BW, kg 476 508 524  7.01 < 0.01 0.13 

  ADG, kg/d 1.14 1.37 1.48  0.05 < 0.01 0.11 

  FE, g/kg 156 168 183  3 < 0.01 < 0.01 

  NEm, Mcal/kg 1.98 2.02 2.18  0.02 < 0.01 < 0.01 

  NEg, Mcal/kg 1.33 1.36 1.50  0.02 < 0.01 < 0.01 

Carcass Basis        

  HCW, kg 268 284 297  4.16 < 0.01 0.03 

  Carcass ADG, kg/d 0.740 0.853 0.946  0.03 < 0.01 0.03 

  Carcass FE, g/kg 102 105 117  2 < 0.01 < 0.01 

  DP, % 56.4 55.9 56.8  0.31 0.91 0.07 

  Cooling loss, % 1.62 1.47 1.35  0.10 0.09 0.39 

  BFT, mm 3.18 4.39 4.48  0.38 0.01 0.87 

  REA, cm
2
 67.8 70.4 75.4  1.92 0.04 0.08 

  pH  5.85 5.85 5.84  0.03 0.81 0.89 

  Liver, % HCW 1.90 2.15 2.16  0.06 < 0.01 0.90 

  KPH, % HCW 2.15 2.57 2.52  0.14 0.03 0.82 
1
Experimental diets were offered for 140 days

 

2
BW = body weight; ADG = average daily gain; FE = feed efficiency (gain:feed ratio); HCW = hot carcass 

weight; DP = dressing percent; BFT = backfat thickness; REA = ribeye area; KPH = kidney, pelvic and heart 

fat 
3
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 6. Carcass chemical composition, metabolizable energy intake, energy retention, and 

deposition efficiency of Bos indicus finishing bulls receiving a feedlot diet without the 

addition of calcium salts of fatty acids (CON; n = 16), containing calcium salts from soybean 

oil (CSO; n = 16), or calcium salts from palm, soybean, and cottonseed oil (CPSCO; n = 

15)
1
 

Items
2
 Initial

3
 

 Treatments 

 SEM 

P-Value
4
 

 CON CSO CPSCO 

 

C1 C2 

Moisture, % 63.3  59.0 57.7 58.1  0.27 < 0.01 0.28 

Ash, % 7.43  6.20 6.00 6.20  0.08 0.25 0.46 

Protein, % 21.9  18.4 17.8 17.7  0.15 < 0.01 0.95 

Ether Extract, % 7.37  16.4 18.5 18.0  0.40 < 0.01 0.38 

MEI, Mcal/d -  18.9 22.1 21.8  0.66 < 0.01 0.76 

RE, Mcal/d -  2.67 3.29 3.44  0.12 < 0.01 0.36 

DEF, % -  14.0 14.9 15.9  0.33 < 0.01 0.04 

1
Experimental diets were offered for 140 days

 

2
MEI = metabolizable energy intake; RE = retained energy; DEF = deposition efficiency 

3
Initial carcass composition calculated according to equation 1 with data obtained from 6 bulls slaughtered at the 

beginning of the experiment 
4
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 7. Cooking loss, Warner-Bratzler Shear Force (WBSF), as well as muscle and fat color 

on two aging timepoints (days 0 and 14) of Bos indicus finishing bulls receiving a feedlot diet 

without the addition of calcium salts of fatty acids (CON; n = 16), containing calcium salts 

from soybean oil (CSO; n = 16), or calcium salts from palm, soybean, and cottonseed oil 

(CPSCO; n = 15)
1 

Items
2
 

Treatments 
 SEM 

P-Value
3
 

CON CSO CPSCO 
 

C1 C2 

Time 0        

   Cooking loss, % 22.0 22.7 23.7  0.66 0.12 0.27 

   WBSF, kgf 6.18 6.26 6.28  0.44 0.86 0.97 

Muscle color        

   L* 40.3 38.4 40.1  0.75 0.26 0.10 

   a* 16.0 16.2 16.9  0.54 0.36 0.33 

   b* 11.6 10.9 12.2  0.43 0.83 0.03 

Fat color        

   L* 67.5 67.8 66.4  0.64 0.55 0.08 

   a* 11.0 11.8 12.1  0.64 0.24 0.74 

   b* 12.9 13.4 13.6  0.40 0.18 0.74 

Aging time (14 d)        

   Cooking loss, % 25.1 24.8 24.6  0.81 0.67 0.84 

   WBSF, kgf 5.00 5.57 5.05  0.36 0.46 0.29 

Muscle color        

   L* 41.1 40.3 42.5  0.74 0.69 0.04 

   a* 15.4 15.9 15.9  0.89 0.64 0.98 

   b* 12.1 11.9 12.7  0.48 0.71 0.25 

Fat color        

   L* 67.1 67.0 66.1  0.72 0.49 0.39 

   a* 12.0 12.7 13.1  0.63 0.23 0.70 

   b* 13.7 13.8 14.2  0.46 0.60 0.46 
1
Experimental diets were offered for 140 days

 

2
L* = lightness index (0 = black and 100 = white); a* = intensity of red color, an index that ranges from green (-

) to red (+); b* = intensity of yellow color, an index ranging from blue (-) to yellow (+; Houben et al., 2000) 
3
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 8. Chemical composition (%) of the Longissimus muscle obtained from Bos indicus 

finishing bulls receiving a feedlot diet without the addition of calcium salts of fatty acids 

(CON; n = 16), containing calcium salts from soybean oil (CSO; n = 16), or calcium salts 

from palm, soybean, and cottonseed oil (CPSCO; n = 15)
1
 

Items, % 

Treatments 

 SEM 

P-Value
2
 

CON CSO CPSCO 

 

C1 C2 

Moisture 72.9 72.4 72.3  0.26 0.10 0.63 

Ash  1.08 1.09 1.00  0.12 0.91 0.90 

Protein  23.3 23.3 23.7  0.20 0.46 0.17 

Lipid 2.72 3.21 3.00  0.16 0.04 0.33 

1
Experimental diets were offered for 140 days

 

2
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO. 
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Table 9. Fatty acid profile (g/100 g of FA) of Longissimus muscle obtained from Bos indicus 

finishing bulls receiving a feedlot diet without the addition of calcium salts of fatty acids 

(CON; n = 16), containing calcium salts from soybean oil (CSO; n = 16), or calcium salts 

from palm, soybean, and cottonseed oil (CPSCO; n = 15)
1
 

Items
2
 

Tratamentos 
 EPM 

P-Value
3
 

CON CSO CPSCO 
 

C1 C2 

SFA        

  C14:0 (myristic) 2.78 2.88 2.59  0.11 0.76 0.05 

  C16:0 (palmitic) 24.9 25.3 25.3  0.40 0.49 0.93 

  C17:0 (heptadecanoic) 0.64 0.67 0.47  0.07 0.42 0.06 

  C18:0 (stearic) 13.4 14.5 13.2  0.43 0.36 0.06 

  Total 41.6 43.3 41.6  0.77 0.40 0.12 

MUFA        

  C14:1 (myristoleic) 0.53 0.51 0.56  0.07 0.95 0.54 

  C16:1 cis-9 (palmitoleic) 3.01 2.45 2.75  0.13 0.01 0.11 

  C18:1 cis-9 (oleic) 38.3 35.9 37.5  0.73 0.09 0.12 

  Total 41.8 38.7 40.9  0.84 0.07 0.11 

PUFA        

  C18:2 cis-9, cis-12 (linoleic) 6.25 8.15 7.83  0.60 0.02 0.71 

  C20:4 n-6 (arachidonic) 1.61 1.16 1.50  0.13 0.09 0.09 

  Total 7.86 9.32 9.33  0.72 0.10 0.99 

UFA        

  Total 49.7 48.2 50.2  0.67 0.54 0.04 

Others 7.37 6.94 7.25  0.42 0.60 0.60 

Ratio        

  MUFA:SFA 1.01 0.90 0.99  0.03 0.06 0.03 

  PUFA:SFA 0.19 0.22 0.23  0.02 0.27 0.74 

  UFA:SFA 1.21 1.12 1.22  0.04 0.37 0.06 
1
Experimental diets were offered for 140 days

 

2
SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; UFA 

= unsaturated fatty acids 
3
C1 = CON vs. CSO + CPSCO; C2 = CSO vs. CPSCO.   
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