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Abstract
Licuri cake (LC) is an interesting alternative nutritional component for high-grain diets for ruminants due to its high protein 
(21.6% CP), fat (12.0% EE), and fiber (62.8% NDF) contents. We investigated the effect of increasing levels of LC inclusion 
on the intake, digestibility, feeding behavior, performance, and carcass traits of cull cows fed high-grain diets. Forty Zebu 
cows with an initial weight of 318 ± 38.1 kg, at 105 months of age, were confined in collective stalls and fed (ad libitum) a 
diet containing 0, 50, 100, or 150 g/kg LC on a diet dry matter (DM) basis. Licuri cake inclusion induced quadratic responses 
(P < 0.05) in the intakes of DM (9.57 kg/day at 97.8 g/kg LC), crude protein (CP; 1.02 kg/day at 91.7 g/kg LC), and total 
digestible nutrients (6.68 kg/day at 75.2 g/kg LC). The digestibility of DM, CP, and non-fibrous carbohydrates decreased 
linearly (P < 0.05). Neutral detergent fiber (NDF) intake and rumination efficiencies increased linearly (P < 0.05) with the 
inclusion of LC in the diet. The inclusion of LC did not influence (P > 0.05) on daily weight gain, hot carcass weight, or 
back fat thickness in the carcass. Therefore, we recommend the inclusion of up to 150 g/kg LC in high-grain diets for feedlot 
cull cows.
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Introduction

The pandemic caused by SARS-Cov-2 changed the eco-
nomic structure of markets around the world, especially for 
foods such as meat (Hashem et al., 2020). In the specific 
case of Brazil, the pandemic boosted the demand for beef, 
which led to an increased demand for feedlot-finishing as 
well as an increase in the price of grains used in animal 
diets (Futemma et al., 2021). In this context, the use of pre-
viously unattractive herd categories for feedlotting, such as 
cull cows, and the replacement of grains with agro-industrial 
by-products have become more sustainable alternatives for 

this new scenario. Among the various by-products of the 
agroindustry, those obtained from oil extraction, such as 
oilseed cakes and meals, stand out.

Licuri cake (LC) is an oilseed by-product whose chemi-
cal composition includes (mean ± standard deviation) 
927.3 ± 38.6 g/kg dry matter, 238.2 ± 19.2 g/kg crude pro-
tein, 109.9 ± 29.1 g/kg ether extract, 473.9 ± 68.9 g/kg neu-
tral detergent fiber, 173.1 ± 43.5 g/kg acid detergent lignin, 
and 89.4 ± 29.0 g/kg non-fibrous carbohydrates (Borja et al., 
2014; Ferreira et al., 2017; Costa et al., 2019). The crude 
protein in LC is rich in neutral and acid detergent insoluble 
protein (Silva et al., 2015), and its ether extract is rich in 
short- and medium-chain fatty acids (Costa et al., 2018). 
Additionally, the neutral detergent fiber in LC is as effective 
as that of hay (Daza et al., 2021). Researchers who replaced 
soybean meal (the main dietary source of protein) with LC 
in the diet of sheep described a decrease in nutrient intake 
and digestibility, performance, and carcass traits (Santos 
et al., 2015; Costa et al., 2016). More recently, studies have 
suggested the possibility of including up to 100 g/kg LC in 
high-grain diets for steers and goat kids (Silva et al., 2020; 
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Silva et  al., 2022). However, if we consider nutritional 
requirements as a major factor in the formulation of a diet, 
there exist recommendations for LC in diets for other animal 
categories, such as cull cows, especially in high-grain diets.

We hypothesize that the inclusion of up to 150 g/kg LC 
in high-grain diets for cull cows does not compromise ani-
mal performance. Therefore, the objective of this study was 
to examine the effect of including licuri cake in high-grain 
diets for cull cows on intake, digestibility, feeding behavior, 
weight gain, and carcass traits.

Materials and methods

Experimental location and animals

The experimental work of this study was carried out on 
Princesa do Mateiro farm, located in the municipality of 
Ribeirão do Largo, southwest region of the state of Bahia, 
Brazil (15°09′07″ S, 40°15′32″ W). The region is character-
ized by having a humid tropical climate, with average annual 
precipitation of 800 mm and an average annual temperature 
of 27 °C.

Forty Zebu beef cows with an average age of 108 months 
and an average live weight of 318 ± 38.17 kg were used. The 
cows were housed in collective stalls (10 animals/stall) with 
a partially covered, usable area of 100  m2 (10 × 10 m) and 
50  m2 of cement floors. The stalls were equipped with cov-
ered feeders (10 linear meters) and concrete drinkers with a 
capacity of 250 L of water. All animals underwent a 15-day 
period of adaptation to the diets, stalls, and management, 
which was followed by 105 days of data collection, totaling 
120 days of duration.

Management and experimental diets

At the beginning of the experimental period, the cows were 
identified with numbered plastic earrings and weighed. Soon 
afterwards, they were randomly distributed into four treat-
ment groups in a completely randomized design with 10 
replicates. The treatments consisted of a diet with the inclu-
sion of 0 (control), 50, 100, or 150 g/kg of licuri cake (LC) 
in the diet DM.

The diets were formulated according to the NRC (1996) 
to meet the nutritional requirements of cows for a daily gain 
of 1.0 kg. The animals were fed fresh sugarcane bagasse 
and concentrate, at a roughage: concentrate ratio of 20:80 
(Tables 1 and 2).

The animals received the diets ad libitum. Feed was sup-
plied in two daily meals (60% of the total diet at 07 h 00 and 
40% at 15 h 00), whose supply was adjusted every 3 days 
based on refusals, aiming at 10% orts.

Table 1  Chemical composition of the feedstuffs used in the experi-
mental diets (g/kg DM)

a g/kg as-is
b g/kg dry matter
c Neutral detergent fiber corrected for ash and protein
d Non-fibrous carbohydrates
e Total digestible nutrients (Weiss, 1999)

Sugarcane 
bagasse

Licuri cake Soybean meal Ground 
sorghum

Dry  mattera 196.0 835.0 820.2 862.8
Mineral 

 matterb
84.4 25.9 63.4 9.2

Crude 
 proteinb

12.3 215.8 488.8 79.0

Ether  extractb 6.5 119.7 27.1 30.3
NDFapb,c 774.6 627.7 154.8 124.7
NFCb,d 122.2 61.0 265.9 756.8
Ligninb 116.5 193.5 5.4 13.3
TDNb,e 420.1 578.0 796.4 868.3

Table 2  Ingredients and chemical composition of the supplied diets

a Dry matter
b Composition: calcium 140 g; phosphorus 65 g; sodium 148 g; mag-
nesium 5  g; sulfur 12  g; cobalt 107  mg; copper 1550  mg; iodine 
150  mg; manganese 1400  mg; nickel 30  mg; selenium 18  mg; zinc 
4500 mg; 1120 mg; fluoride (maximum) 650 mg
c Neutral detergent fiber corrected for ash and protein
d Indigestible neutral detergent fiber; on-fiber carbohydrates corrected 
for ash and protein, total digestible nutrients

Licuri cake level (g/kg 
DM)

Proportion of ingredients (g/kg  DMa) 0 50 100 150
Sugarcane bagasse 200 200 200 200
Ground grain sorghum 693.3 667.2 640.5 623.3
Licuri cake 0.0 54.4 109.1 155.1
Soybean meal 84.2 57.0 28.6 0.0
Sodium bicarbonate 12.0 12.0 12.0 12.0
Mineral  saltb 4.8 4.8 4.8 4.8
Limestone 5.8 5.4 5.1 4.8
Total 1000 1000 1000 1000
Chemical composition of diets (g/kg DM)
Dry matter 687.9 694.7 693.7 697.0
Crude protein 107.1 106.2 107.1 104.1
Ether extract 25.2 29.0 44.1 46.2
NDFapb 276.4 347.3 377.9 413.3
iNDFd (%DM) 122.3 135.1 148.0 159.0
NFCapc 535.2 467.6 470.4 450.4
Lignin 46.6 61.6 74.6 85.2
TDNd 684.3 681.9 681.4 680.7
Metabolizable energy (Mcal/kg DM)
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Sampling and laboratory analysis of feed, orts, 
and feces

The ingredients were sampled at each blend of feed and later 
pooled into a composite sample per ingredient (soybean 
meal, ground sorghum, licuri cake). These were placed in 
plastic bags, which were then labeled and frozen at − 10 °C 
for later chemical analysis.

Samples of feed (concentrate and roughage) and orts were 
pre-dried in a forced-air oven (55 °C) until reaching constant 
weight and then ground in a Wiley mill (one portion through 
a 2-mm-mesh sieve and another through a 1-mm-mesh 
sieve). Fecal samples were pre-dried in a forced-air oven 
(55 °C) until reaching constant weight and later ground in a 
Wiley mill with a 2-mm-mesh sieve. Subsequently, the sam-
ples were placed in hermetically sealed flasks and labeled 
for composition analysis.

Feed, orts, and fecal samples were analyzed for dry mat-
ter (DM; method INCT-CA G-003/1), mineral matter (MM; 
method INCT-CA M-001/1), crude protein (CP; method 
INCT-CA N-001/1), ether extract (EE; method INCT-CA 
G-004/1), neutral detergent fiber corrected for ash and 
protein (NDFap; methods INCT-CA F-002/1, INCT-CA 
M-002/1, and INCT-CA N-004/1), acid detergent fiber 
(ADF; method INCT-CA F-004/1), and lignin (method 
INCTCA F-005/1) contents, by techniques described by 
Detmann et al. (2012).

Non-fibrous carbohydrates (NFCs) were calculated using 
the formula below (Detmann and Valadares Filho, 2010):

where %CP = crude protein content, %EE = ether extract 
content, %MM = ash content, and %NDFap = neutral deter-
gent fiber content corrected for ash and protein. Total digest-
ible nutrients (TDN) were calculated according to the NRC 
(2000), as shown below:

where DCP = digestible crude protein, DEE = digestible 
ether extract, DNDF = digestible neutral detergent fiber, and 
DNFC = digestible non-fibrous carbohydrates.

Evaluation of intake and apparent digestibility

Individual daily DM intake was measured using indigest-
ible neutral detergent fiber (iNDF), which was obtained 
after in situ incubation of samples of feed (supplied and 
orts) and feces in non-woven fabric bags (“TNT 100”; 
5 × 5 cm) for 288 h (Detmann et al., 2012). The remain-
ing material from incubation was washed in running water 
until it became transparent and subjected to extraction with 

NFC = 100 − (%CP + %EE + %MM+%NDFap),

TDN = (DCP + (DEE × 2.25) + DNDF + DNFC),

a neutral detergent solution. The residue was considered 
iNDF, as determined by the equation below:

where W1 = bag tare, W2 = sample weight, W3 = weight 
after the extraction process, and C1 = blank bag correc-
tion factor (final weight of the bag after drying/original bag 
weight).

After obtaining iNDF, the following formula was used 
to determine the total individual dry matter intake (TDMI):

where FO = fecal output (kg/day),  iNDFFeces = indigestible 
neutral detergent fiber in feces (kg), and  iNDFDiet = indi-
gestible neutral detergent fiber in the diet (kg). To estimate 
fecal output, chromic oxide  (Cr2O3) was used as an external 
marker, which was supplied daily at 07 h 00, in a single dose 
of 10 g per animal. Chromic oxide was packed in paper car-
tridges that were given orally to the animals for a period of 
12 days. The first 7 days were used for the animals to adapt 
to the management and regulation of the marker’s excretion 
in the feces and the remaining 5 days to collect feces with 
the marker. Feces were collected directly in the stalls, once 
per day, at five pre-established times (08 h 00, 10 h 00, 12 h 
00, 14 h 00, and 16 h 00). Collected samples were immedi-
ately frozen at − 10 °C. Composite samples were prepared 
for each animal, based on the pre-dried weight, and placed 
in hermetically sealed plastic bottles for later analysis.

The  Cr2O3 analysis consisted of nitric-perchloric diges-
tion followed by reading with an atomic absorption spectro-
photometer (GBC Avanta Sigma) (Williams et al., 1962). 
Subsequently, fecal output was calculated by the following 
formula (Smith and Reid, 1995):

where FO = daily fecal output (g/day),  COS = amount of 
chromic oxide supplied (g/day), and  COF = concentration 
of chromic oxide in feces (g/g DM).

The apparent digestibility of the nutritional components 
was determined by the formula described by Silva and Leão 
(1979), as follows:

Evaluation of feeding behavior

Feeding behavior was evaluated in six 24-h periods of obser-
vation during the experiment, totaling 144 h of observa-
tion. The animals were identified with ribbons and evaluated 
visually by trained observers. During the night, flashlights 

%iNDF = [(W3 − (W1 × C1)) × 100]∕W2,

TDMI(kg∕day) =
(

FO × iNDFFeces
)

∕iNDFdiet ,

FO = COs∕COF,

D =
[

(nutrient intake, kg − nutrient output, kg∕nutrient intake, kg
]

× 100.
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and electric light were used to facilitate visualization (the 
animals had been adapted to light).

For the behavioral assessment, the animals were observed 
at 5-min intervals (Silva et al., 2008). This resulted in 288 
daily observations per animal, on each evaluation day. The 
following behavioral variables were studied: feeding time, 
rumination time, and time expended performing other 
activities (“idleness”). Behavioral activities were considered 
mutually exclusionary (Pardo et al., 2003).

On the same days, the cows were also observed in two 
periods of the day (morning and afternoon), in three repli-
cates per period (Burger et al., 2000), to count the number of 
rumination chews per cud, i.e., the number of times a cud is 
chewed after being regurgitated. Cud rumination time (CRT, 
s/cud), that is, the time taken by the animal to chew each 
cud after regurgitating it, was determined. Both observations 
were made using digital stopwatches.

Total chewing time (TCT) and the number of cuds rumi-
nated per day (NCR) were also calculated (Burger et al., 
2000), as shown next:

where TCT: total chewing time (min), FT: feeding time 
(min), and RT: rumination time (min).

where NCR: number of cuds ruminated (n/day), RT: rumi-
nation time (min/day), and CRT: cud rumination time (s/
cud). Time series discretization was performed in elec-
tronic spreadsheets, by counting the discrete bouts of feed-
ing, rumination, and other activities (Silva et al., 2008). The 
average duration of each discrete bout was determined by 
dividing the daily times spent on each activity by the number 
of discrete bouts of the same activity.

Voluntary intakes of DM and NDFap were considered in 
the evaluation of intake and rumination efficiencies, which 
were expressed in grams of DM and NDFap per time unit. 
The DM and NDF intake and rumination efficiencies were 
calculated by dividing the intake of the chemical component 
by feeding time (intake efficiency) or rumination time (rumi-
nation efficiency) (Burger et al., 2000).

Evaluation of animal performance and carcass traits

After a solid-feed deprivation period of 12 h, the animals 
were weighed at the beginning, 15 days into (period of adap-
tation to the diets), and at the end of the experimental period 
to measure weight gain and performance.

Average daily gain (ADG) was calculated as the differ-
ence between the final body weight and initial body weight 
divided by the experimental period (105 days). Feed effi-
ciency (FE) was calculated as a function of the animals’ 

TCT = FT + RT,

NCR = RT∕CRT

weight gain (kg/day) and DMI intake (kg/day), using the 
equation below:

where ADG = average daily gain in kg, and DMI = total daily 
dry matter intake, in kg.

At the end of the experiment, the animals were slaugh-
tered in a commercial slaughterhouse in the region in accord-
ance with the norms established by Normative Instruction 
no. 3, of January 17, 2000, of the Ministry of Agriculture, 
Livestock and Supply. The carcass of each animal was iden-
tified and sawn lengthwise along the sternum and vertebral 
spine, originating two similar halves, which were weighed to 
determine the hot carcass weight (HCW). Hot carcass yield 
(HCY) was determined by the ratio between hot carcass 
weight and final body weight (FBW) (Gomes et al., 2021), 
as follows:

In the slaughterhouse, a transverse section was made 
between the 12th and 13th ribs on the right carcass half, 
exposing the longissimus dorsi muscle. Ribeye area was 
measured by the grid-pattern method. “Ratio,” a measure-
ment that characterizes the ratio between the height and 
width of the longissimus dorsi muscle (obtained using a 
graduated ruler), was also determined. Back fat thickness 
was expressed as the arithmetic mean of three measurements 
made in the Longissimus dorsi muscle region, using a caliper 
(Gomes et al., 2021).

Statistical analysis

Results were interpreted statistically by variance and regres-
sion analysis, using the System for Statistical and Genetic 
Analysis (SAEG). The criteria adopted for choosing the 
model were the coefficient of determination (calculated as 
the ratio between the sum of squares of the regression and 
the sum of squares of treatments) and the observed signifi-
cance of the regression coefficients, using the F test, accord-
ing to the following model:

where Yijk = observed value of the variable, m = general con-
stant, Ti = effect of treatment i, and eijk = error associated 
with each observation.

Results

Dietary inclusion of LC increased (P < 0.01) the cows’ 
DM intake up to the level of 97.8 g/kg, after which point 
it declined. Crude protein intake was highest (1.02 kg/

FE = (ADG∕DMI)

HCY = (HCW∕FBW) × 100.

Yijk = m + Ti + eijk
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day) when the cows consumed a diet with approximately 
91.7 g/kg LC (Table 3).

The intakes of EE and NDF increased linearly (P < 0.01) 
with the inclusion of LC in the diet. Maximum TDN intake 
(6.68 kg/day) was achieved at 75.2 g/kg of LC in the diet. 
The apparent digestibility of DM, CP, and NFC decreased 

linearly (P < 0.05). Neutral detergent fiber digestibility was 
highest at 48.5 g/kg LC in the diet.

Dietary inclusion of LC did not influence (P > 0.05) 
feeding or rumination times. However, NDF intake 
and rumination per time unit were increased (P < 0.05) 
(Table 4).

Table 3  Nutrient intake and 
digestibility in cull cows fed 
high-grain diets with licuri cake

NDFap neutral detergent fiber corrected for ash and protein, NFC non-fibrous carbohydrates, TDN total 
digestible nutrients
1 SEM standard error of the mean
2 Significant probabilities at the 5% level for the linear or quadratic model
Regression equations: ay =  − 0.0151x2 + 0.2955x + 8.1225. R2 = 0.9372; by =  − 0.0044x2 + 0.0776x + 
2.208. R2 = 0.9988; cy =  − 0.0018x2 + 0.033x + 0.865. R2 = 0.9618; dy = 0.0164x + 0.207. R2 = 0.9391; 
ey = 0.1002x + 2.461. R2 = 0.8759; fy = 0.0242x + 0.0666. R2 = 0.8218; gy =  − 0.0002x2 + 0.0301x + 5.5534. 
R2 = 0.9336; hy =  − 0.506x + 764.64. R2 = 0.9717; iy =  − 0.884x + 736.45. R2 = 0.9678; jy =  − 0.018x2 + 1.74
8x + 500.86. R2 = 0.8151; ky =  − 0.345x + 762.23. R2 = 0.7533

Licuri cake level (g/kg DM) SEM P-value2

0 50 100 150 L Q

Intake
Dry matter (kg/day) 8.06 9.41 9.38 9.22 0.15 0.006 0.006a

Dry matter (%BW) 2.21 2.48 2.55 2.38 0.04 0.051 0.001b

Crude protein (kg/day) 0.86 1.00 1.00 0.96 0.01 0.222  < 0.001c

Ether extract (kg/day) 0.20 0.28 0.41 0.43 0.01  < 0.001d 0.004
NDFap (kg/day) 2.23 3.27 3.54 3.81 0.10  < 0.001e  < 0.001
NDFap (%BW) 0.60 0.86 0.96 0.97 0.02  < 0.001f  < 0.001
NFC (kg/day) 4.31 4.4 4.41 4.15 0.05 0.470 0.106
TDN (kg/day) 5.51 6.42 6.39 6.26 0.10 0.006 0.004 g

Digestibility (g/kg)1

Dry matter 766.9 747.0 726.4 717.5 0.92 0.000 h 0.463
Crude protein 742.6 701.0 672.4 653.9 0.63 0.000i 0.123
Ether extract 669.3 677.3 673.1 704.7 1.01 0.270 0.807
NDFap 496.4 551.9 523.3 496.7 0.79 0.904 0.008j

NFC 770.1 739.0 739.6 731.5 0.57 0.023 k 0.296

Table 4  Feeding behavior of 
cull cows fed high-grain diets 
with licuri cake

SEM standard error of the mean
1 Significant probabilities at the 5% level for the linear or quadratic model
Regression equations: ay = 3.423x + 695.43. R2 = 0.8348; by = 4.4229x + 1468.2. R2 = 0.6311

Licuri cake level (g/kg DM) SEM P-value1

0 50 100 150 L Q

Feeding time (min/day) 215.5 233.0 255.9 240.5 8.83 0.228 0.457
Rumination time (min/day) 110.0 115.0 129.0 134.5 5.49 0.081 1.000
Idle time (min/day) 1114.5 1092.0 1055.0 1065.0 10.81 0.057 0.606
Total chewing time (min/day) 325.5 348.0 385.0 375.0 10.81 0.057 0.606
Intake efficiency (g DM/h) 2316.2 2599.4 2383.9 2471.9 103.48 0.976 0.892
Intake efficiency (g NDF/h) 639.3 903.0 899.9 1020.6 43.01 0.002a 0.464
Rumination efficiency (g DM/h) 4816.8 5188.9 4745.4 4428.6 199.50 0.503 0.555
Rumination efficiency (g NDF/h) 1329.8 1804.1 1792.6 1826.2 75.66 0.026b 0.125
Number of cuds ruminated (n/day) 122.1 124.9 124.5 144.8 6.56 0.295 0.745
Number of chews per cud (n/day) 65.9 45.2 67.0 59.2 3.10 1.000 0.335
Chewing time per cud (s/cud) 60.8 56.1 63.2 55.7 1.68 0.808 0.905
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The inclusion of LC in the diet did not influence 
(P > 0.05) the final weight (437.3 kg), average daily gain 
(1.1 kg/day), hot carcass weight (210.9 kg), or back fat thick-
ness (3.16 mm) of the cows (Table 5).

Discussion

The increased dietary levels of NDFap provided by the 
inclusion of LC likely favored DM intake by the cows by 
improving their rumen environment, which is especially the 
case in high-grain diets. Diets with higher NDF contents 
result in more chewing (see upward trend in chewing time) 
and, consequently, more saliva in the rumen-reticulum to 
regulate the pH of this compartment (Souza et al., 2022). In 
this context, Daza et al. (2021) reported that the physically 
effective NDF (peNDF1.18) content of licuri is similar to 
that of Tifton 85 hay, and that including the former ingredi-
ent in the diet increases its peNDF level. Furthermore, for 
cows whose DM intake is regulated by the diet’s energy den-
sity (i.e., in high-grain diets), increasing the dietary peNDF 
may favor DM intake (Zebeli et al., 2011).

Even with the total replacement of soybean meal with 
LC, the CP intake of the cows was higher at the inclusion 
of around 90 g/kg LC in the diet. In non-pregnant cows, 
the metabolizable protein requirement is low and easily met 
by microbial protein (Gionbelli et al., 2016). Therefore, in 
diets in which energy is not a limiting factor (e.g., high-grain 
diets), the inclusion of an ingredient with lower protein qual-
ity (LC) relative to soybean meal does not negatively influ-
ence the animals’ CP intake (Silva et al., 2014). In contrast, 
Costa et al. (2016) observed a linear decrease in the CP 
intake of lambs fed diets with increasing levels of LC.

The increased intake of EE and NDF is explained by the 
higher levels of these analytical fractions in the experimental 
diets containing LC. In general, the inclusion of by-products 

of oil palms (African oil palm, licuri, babassu, and coco-
nut) in ruminant diets increases the intake of EE and NDF 
(Oliveira et al. 2012). Additionally, we can attribute the 
greater TDN intake of the cows (up to the LC level of 75 g/
kg) to the increased intake of EE and digestible NDF. Licuri 
cake inclusion in the animal diet will usually reduce TDN 
intake (Costa et al., 2016; Silva et al., 2020).

Dry matter digestibility decreased following the inclusion 
of LC, which was possibly due to the increased intake of 
NDF (rich in lignin) by the cows. The presence of LC likely 
reduced the rate of ruminal disappearance of DM, as a result 
of the decreased rate of degradation (kd) of this fraction 
(Silva et al., 2015). In addition to the reduced degradation 
of DM, the lower digestibility of CP can also be attributed to 
a lower CP degradation rate in the diets containing LC. This 
by-product is rich in NDIP and ADIN, fractions of low or 
no rumen degradability (Oliveira et al., 2012), which prob-
ably impaired the digestibility of CP from the diets with LC. 
Borja et al. (2014) reported a linear decrease in plasma urea 
nitrogen in goats fed LC and attributed this finding to the 
increase in fractions B3 and C of total nitrogen in the diet, 
following the inclusion of LC.

The observed reduction of NFC digestibility is in conse-
quence of the decreasing levels of NFC in the experimental 
diets. When the proportion of sorghum grain in the diet is 
reduced, the amount of starch available for bacterial fermen-
tation and digestion in cows is also reduced, which leads 
to a lower apparent digestibility of starch in the total tract 
(Moharrery et al., 2014). Ferreira et al. (2017) also described 
a decrease in the digestibility of dietary NFC by cows fed 
diets with increasing levels of LC.

Dietary inclusion of LC increased the NDF intake and 
rumination efficiencies, possibly due to the altered physical 
nature of the diets and the tendency for rumination time 
to increase. Licuri cake inclusion increased the NDF con-
tent of the experimental diets, thereby increasing the intake 

Table 5  Performance and 
carcass traits of cull cows fed 
high-grain diets with licuri cake

SEM standard error of the mean
a Significant probabilities at the 5% level for the linear or quadratic model
b Average daily gain

Licuri cake level (g/kg DM) P-valuea

0 50 100 150 SEM L Q

Initial weight (kg) 314.9 317.0 316.9 327.3 – – –
Final weight (kg) 426.0 443.1 422.7 457.5 6.62 0.193 0.704
ADG (kg/day)b 1.1 1.2 1.0 1.2 0.05 0.633 0.901
Feed efficiency 0.13 0.13 0.11 0.14 1.06 0.443 1.000
Hot carcass weight (kg) 208.60 209.18 206.36 219.49 3.07 0.328 0.390
Hot carcass yield (%) 49.51 47.78 48.95 48.78 0.12 0.995 0.837
Back fat thickness (mm) 2.75 3.94 2.68 3.26 0.12 0.957 0.149
Ribeye area  (cm2) 57.30 53.90 58.59 59.31 1.35 0.518 0.653
Ratio 0.50 0.50 0.53 0.57 0.01 0.100 0.824
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and rumination of NDF by the cows. At the same time, the 
presence of LC (also rich in EE) made the diets less pow-
dery and more aggregate, favoring an increase in bite size. 
In other words, we speculate that the cows fed LC ate and 
ruminated larger cuds that were also richer in NDF, without 
changing the time spent per cud. Bagaldo et al. (2019) also 
reported increases in rumination time and NDF rumination 
efficiency in lambs that received supplement with increasing 
LC contents.

Partial replacement of grain sorghum and full replace-
ment of soybean meal with LC in the diet did not influence 
the final weight or ADG of the cows. Thus, the formulation 
of complete diets containing LC (up to 150 g/kg) met the 
nutritional requirements of cull cows without negatively 
affecting their weight gain or final weight. However, in more 
demanding animals, such as growing calves, increasing lev-
els of LC in the diet reduced final weight and ADG (Silva 
et al., 2022). Therefore, caution should be exercised when 
including this by-product.

The similar performance of the groups was likely due to 
the lack of effects of LC on hot carcass weight and yield. 
Conversely, Santos et al. (2015) and Silva et al. (2020) 
observed a decrease in the HCW of lambs and goats, respec-
tively, using high-grain diets with increasing levels of LC. 
It should be noted that the average HCW found in our study 
was 49%, which is considered high for cull cows. We sug-
gest that the high-grain diet allowed for the production of 
carcasses with a higher degree of fatness.

Conclusion

Licuri cake increases nutrient intake but does not influence 
the feeding behavior or performance of feedlot cull cows. 
We recommend including 150 g/kg licuri cake in high-grain 
diets for feedlot cull cows.

Thus, the formulation of complete diets containing LC 
(up to 150 g/kg) met the nutritional requirements of cull 
cows without negatively affecting their final weight.
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