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ABSTRACT: Soybean molasses (SBM) is a
byproduct of the manufacture of soy protein con-
centrate and has high energy value. This byprod-
uct has a high potential for use in the nutrition
of ruminant animals, mainly in the replacement
of other energy feeds such as corn grain. The
objective of this study was to evaluate the inclu-
sion of SBM to replace corn grain up to 30% dry
matter (DM) in the total diet on growth perform-
ance, feeding behavior, carcass characteristics, and
meat quality of feedlot lambs (2 Santa Inés X V2
Dorper). Forty intact male lambs with an initial
average body weight of 20.6 * 2.5 kg and approxi-
mate age of 120 d were used. The animals were
distributed in four treatments (0%, 10%, 20%, and
30% SBM), divided into five randomized blocks
according to the initial weight and adapted for 16
d, with diets containing increasing concentrations
of concentrate and SBM. Feeding behavior was
analyzed at the beginning, middle, and final of the
finishing period, and when animals reached 42 d
on the finishing diet they were slaughtered. Data
were evaluated using SAS software (version 9.4),
by polynomial orthogonal contrasts, where the
growth performance, carcass characteristics, and
meat quality values were analyzed as randomized

blocks, and the feeding behavior data as random-
ized blocks with a repeated measure over time.
Significant differences were detected for the con-
trast 0 vs. SBM treatments, which the inclusion
of SBM caused an increase (P < 0.05) in ash in-
take but decreased the ether extract intake. The
intake of DM in % body weight was higher for
SBM treatments than 0% treatment (P < 0.05).
Feeding behavior, ruminating while lying down
and drinking water presented a decreasing linear
effect (P < 0.05), and for feeding, efficiency in-
creased with the addition of SBM (P <0.05). Fatty
acids C14:0, C17:0, C17:1, C18:2n6¢c, C20:2, and
C20:3n6 showed lower values with the inclusion
of SBM (P < 0.05), while fatty acids C22:0 and
C22:6n3 increased. The values of n6 polyunsatur-
ated fatty acids and n-6/n-3 ratio were lower (P <
0.05) for SBM treatments. The values of total
polyunsaturated fatty acids showed a decreasing
linear effect (P < 0.05) with the inclusion of SBM.
The use of up to 30% SBM in DM did not impair
animal growth performance and feeding behavior
did not cause damages to carcass parameters and
still made the meat healthier, improving the n-6/
n-3 ratio, therefore can be used to feed finishing
lambs.
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INTRODUCTION

To improve the profitability and quality of
the product that will be made available to the
market, producers search for feeding strategy like
the feedlots. The finishing of lambs in feedlots
brings benefits such as greater weight gain, higher
carcass yield, lower age at slaughter, lower animal
mortality, and lower incidence of worms (Barros
et al., 2009).

Feed is the costliest item in this production
system, with the concentrate being more expensive
than the roughage, making the cost of diets propor-
tionally higher with the use of concentrate (Pacheco
et al., 2014). In these cases, the use of alternative
feedstuff for confined animals, such as byproducts,
becomes interesting when it has a good response in
animals.

Soybean molasses (SBM) is a byproduct of
the production of soy protein concentrate and
is a good source of energy, with great quantities
of sucrose, raffinose, and stachyose. Raffinose
and stachyose are oligosaccharides that have gal-
actose and glucose molecules linked by a-1,6-type
bonds, that are broken by a-galactosity enzymes,
which are not produced by monogastric (Brasil
et al., 2010; Shang et al., 2018). The use of SBM
as an energy source, in addition to allowing the
possibility of reducing costs, also make livestock
more sustainable. Previous studies demonstrated
that SBM promoted good response in sheep nu-
trition. The inclusion of SBM up to 20% in dry
matter (DM) increased the DM consumption of
confined lambs and promoted good weight gain,
in addition to not changing pH values, ammonia
nitrogen, and fatty acids in the rumen of adult
sheep (Almeida et al., 2018¢; van Cleef et al.,
2018).

There is still little information on the use of
this byproduct in sheep feeding evaluating its im-
plications on growth performance parameters and
nutritional metabolic disorders. However, despite
some studies with soy molasses showing positive re-
sults in feeding ruminants (Drouillard et al., 1999;
Almeida et al., 2018c; Pereira Junior et al., 2018;
van Cleef et al., 2018), there are still few studies
evaluating the increasing inclusion of SBM in the
sheep diet in relation to carcass characteristics and
meat quality of lambs finished in confinement be-
sides these studies use only up to 20% SBM in DM.

Thus, the objective of this study was to evaluate
the growth performance, feeding behavior, carcass
characteristics and meat quality of lambs fed up to
30% of SBM in DM replacing corn grain.

MATERIAL AND METHODS

The experiment was conducted at the Animal
Unit for Digestive and Metabolic Studies belonging
to the Animal Science Department of the Sdo
Paulo State University in Jaboticabal. The work
was approved by the Ethics Committee on the Use
of Animals—CEUA, protocol 010824/18.

Animals, Experimental Design, and Treatments

Forty crossbred intact male lambs (Y2 Santa
Inés X 2 Dorper) from the same farm, with similar
nutritional background, at approximately 120 d of
age and initial body weight of 20.6 £ 2.5 kg were
used. The animals were housed in a covered shed,
in individual pens with slatted floors elevated from
the floor, with approximately 1.5 m? area, with indi-
vidual feeder and collective waterer.

The animals were distributed in five random-
ized blocks according to the initial weight, allo-
cated in four treatments that consisted of including
0%, 10%, 20%, or 30% of SBM in DM of the total
diet, replacing the corn grain. Two animals of each
block were allocated in each treatment, totalizing
40 animals, 10 animals per treatment, that were the
experimental unit.

Feed Management and Experimental Diets

The pre-experimental phase lasted 15 d, when
animals were identified, received anthelmintic
[Ivermectin 1% = 1 mL for 50 kg body weight] and
were fed with corn silage (~23% of grains) and
water ad libitum. During this period, the objective
was to adapt the animals to management, facilities,
and standardize the ruminal microbiota, so during
this period no assessment was made.

The adaptation period to the experimental diets
was conducted in two steps (Table 1), and consisted
of increasing levels of concentrate (50% and 65%
DM total diet) and SBM in diet, according to the
treatment, over 16 d (8 d for each diet) until reach-
ing the level of concentrate (20:80) and molasses of
the finishing experimental diet.

The experimental diets (Tables 2 and 3) were
similar in terms of crude protein (172 g/kg) and me-
tabolizable energy (2.6 Mcal/kg) respecting the nutri-
tional requirements for gaining 0.250 kg/d according
to NRC (2007). The animals received two daily meals,
50% at 8 a.m. and the other 50% at 4 p.m., controlling
the amount of offered according to the leftovers from
the previous day, with adjustments made daily for
each animal, considering 5% leftover (Pritchard and

Translate basic science to industry innovation



Soybean molasses to replace corn 3

Table 1. Composition of diets for the adaptation period of confined lambs fed different levels of soybean

molasses
Inclusion levels of SBM¢

Adaptation 1 Adaptation 2
Ingredients (g/kg of DM) 0 10 20 30 0 10 20 30
Corn silage 650 650 650 650 450 450 450 450
Soybean molasses’ 0 33 66 100 0 66 133 200
Corn grain 180 150 120 90 310 250 180 120
Wheat bran 114 110.5 107 102.5 154 147 149 144
Soybean meal 40 40 40 40 65 65 65 65
Urea 3 35 4 4.5 5 6 7 8
Limestone 8 8 8 8 11 11 11 11
Mineral suplement* 5 5 5 5 5 5 5 5
Chemical composition (% of DM)
DM 54.9 54.3 53.8 53.2 64.9 63.8 62.6 61.5
CP¢ 18.9 18.9 18.9 18.9 18.8 18.8 18.9 18.8
NDF/ 42.6 422 41.7 41.1 354 34.4 33.7 32.8
ADF# 21.9 21.7 21.5 21.3 17.4 17.0 16.7 16.3
EE! 3.07 3.02 2.96 2.90 3.24 3.13 3.01 2.90
Ash 7.69 7.90 8.10 8.31 6.88 7.29 7.75 8.16
Calcium* 0.60 0.60 0.59 0.59 0.67 0.67 0.66 0.66
Phosphorus* 0.35 0.34 0.33 0.32 0.41 0.39 0.37 0.35
Potassium* 0.88 0.96 1.03 1.11 0.82 0.97 1.13 1.29
Metabolizable energy, Mcal/kg* 2.50 2.50 2.49 2.48 2.58 2.57 2.55 2.54

“Adaptation 1: period between day 1 and 8; adaptation 2: period between day 9 and day 16; 0 (Control); 10 (10% soybean molasses); 20 (20%
soybean molasses); 30 (30% soybean molasses).
b Composition: 66.2% DM, 10.0% ash, 10.3% CP, and 2.3% EE.

¢ Composition/kg: P (60 g), Ca (100 g), Na (195 g), C1(300 g), Mg (10 g), S (25 g), Zn (4 g), Cu (0.6 g), Mn (0.6 g), Fe (1.2 g), Co (0.1 g), 1(0.18 g),
F1(0.06 g).

‘DM = dry matter.

¢ CP = crude protein.

/NDF = neutral detergent fiber.

¢ ADF = acid detergent fiber.

"EE = ether extract.

* Estimated values with the aid of the SRNS program.

Bruns, 2003). The rejected feed was weighed daily be-  Kjeldahl method (AOAC, 1998; method 988.05)
fore the morning feedings. Therefore, the average DM and the estimated crude protein content by multi-
intake was calculated and then the DM intake inrela-  plying the nitrogen content by 6.25. The contents
tion to the body weight (given in percentage). of acid detergent fiber and neutral detergent fiber
During the experimental period, the feed and  were estimated according to Van Soest and Wine
leftovers were sampled weekly, kept in the freezer  (1967) using thermostable a-amylase, without so-
(—20 °C) and at the end of the experiment they were ~ dium sulfite. The nonfibrous carbohydrate con-
dried in a forced ventilation oven at 55 °C for 72 h,  tent was calculated according to Hall et al. (2000),
and ground through a 1-mm sieve (AOAC, 1998;  where: 1000 — [(CP — urea CP + urea) + EE + ash +
method 934.01). The content of DM was deter-  NDF], expressed in % of DM. The ME content was
mined according to AOAC (1995; method 930.15),  estimated with the aid of SRNS program.
and the content of ash was determined by incin-
erating material in a muffle furnace at 600 °C for  Growth Performance
3 h (AOAC, 1990; method 942.05), also determin-
ing organic matter (OM = DM - ash). The content Animals were weighed at the beginning of
of ether extract (EE) was determined by washing  adaptation period (day 1), end of adaptation (first
the samples in petroleum ether through the Soxhlet ~ day with the final diets, before the first meal; day
apparatus for 4 h (AOAC, 1990; method 930.15).  17) and the end of the finishing period (day 58),
The concentration of nitrogen was defined by the  after 16-h fasting for solids.
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Table 2. Composition of final diets for the termination period of confined lambs fed different levels of soy-

bean molasses

Inclusion levels of SBM¢

Ingredients (g/kg of DM) 0 10 20 30
Corn silage 250 250 250 250
Soybean molasses’ 0 100 200 300
Corn grain 400 300 200 100
Wheat bran 158 157 156 155
Soybean meal 167 166 165 164
Urea 8 10 12 14
Limestone 12 12 12 12
Mineral suplement® 5 5 5 5
Chemical composition (% of DM)

DM 62.7 61.7 60.3 59.2
CP* 17.3 17.0 17.1 17.3
NDF/ 36.9 36.5 34.3 31.9
ADF* 26.4 22.8 21.5 21.2
EE! 3.67 2.80 2.68 2.65
Ash 497 5.74 6.55 7.60
NFC 38.6 39.8 41.5 43.1
Ca* 0.68 0.68 0.68 0.67
P* 0.46 0.44 0.41 0.39
K* 0.87 1.11 1.35 1.58
Metabolizable energy, Mcal/kg* 2.68 2.66 2.64 2.62

«( (Control); 10 (10% soybean molasses); 20 (20% soybean molasses); 30 (30% soybean molasses).

b Composition: 66.2% DM, 10.0% ash, 10.3% CP, and 2.3% EE.

¢ Composition/kg: P (60 g), Ca (100 g), Na (195 g), C1 (300 g), Mg (10 g), S (25 g), Zn (4 g), Cu (0.6 g), Mn (0.6 g), Fe (1.2 g), Co (0.1 g), 1(0.18 g),

F1(0.06 g).
‘DM = dry matter.
¢ CP = crude protein.
/NDF = neutral detergent fiber.
¢ ADF = acid detergent fiber.
"EE = ether extract.
INFC = nonfibrous carbohydrate.
* Estimated values with the aid of the SRNS program.

The animals received adaptation diets for 16 d
(two diets, 8 d each) and final diets for 42 d, and then
were slaughtered. The average daily gain (ADG) per
period (day 1 to day 16, day 17 to day 58, and day
1 to day 58) were calculated at the end of the ex-
periment. The intake fluctuation was analyzed per
animal, during the final diet period, calculating the
difference in daily intake of DM in relation to the
previous day, expressed as a percentage (e.g., differ-
ence between intake on days 9 and 10, expressed in
percentage in relation to intake on day 9).

Feeding Behavior

Animals were evaluated three times during the
confinement period [beginning (day 5), middle (day
22), and end (day 40)]. Behavioral activities were re-
corded at five-min intervals for 24 h, by eight evalu-
ators according to the methodology described by

Almeida et al. (2018a). The lying idle time, standing
idle, lying ruminating, standing ruminating, inter-
action with the feeder, drinking water, other activ-
ities, and stereotypes were evaluated. Interaction
with feeder was defined as the time that animal
was on the feeder, eating, or chewing the feed.
Subsequently, rumination efficiency (DM intake/
time spent ruminating; g/DM/h), feeding efficiency
(DM intake/time spent in the interaction with
feeder; g/DM/h), total chewing time (time spent ru-
minating + time spent interacting with the feeder),
number of chews per cud (N/C) and frequency of
visits to the feeder (FVF; times that the animal
went to the feeder) were calculated. The FVF was

Carcass Characteristics

At the end of the experimental period, the ani-
mals underwent a 16 h solid fasting, and then were
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Table 3. Fatty acid profile of final diets of feedlot lambs fed different levels of soybean molasses

Inclusion levels of SBM¢

Fatty acids (g/100 g) 0 10 20 30

C8:0 0.027 0.033 0.035 0.041
C11:0 0.268 0.314 0.312 0.371
C12:0 0.050 0.051 0.044 0.056
Cl14:0 0.099 0.110 0.111 0.127
C15:0 0.052 0.326 0.335 0.413
C16:0 14.76 15.73 16.10 16.80
Cl6:1 0.133 0.126 0.139 0.129
Cl17:0 0.124 0.134 0.122 0.131
Cl17:1 0.047 0.077 0.061 0.067
C18:0 2.877 2.883 2.955 2.896
C18:1n9t 0.148 0.000 0.000 0.000
C18:1n9¢ 30.81 28.31 26.86 23.62
C18:2n6t 0.036 0.034 0.043 0.047
C18:2n6¢ 46.46 47.46 48.08 49.82
C18:3n3 2.578 3.002 3.405 4.062
C18:3n6 0.016 0.015 0.016 0.052
C20:0 0.518 0.457 0.426 0.375
C20:1n9 0.300 0.297 0.293 0.296
C20:2 0.029 0.023 0.034 0.049
C20:4n6 0.047 0.055 0.061 0.070
C22:0 0.251 0.236 0.249 0.259
C22:6n3 0.051 0.026 0.028 0.037
C23:0 0.063 0.061 0.051 0.051
C24:0 0.254 0.243 0.238 0.235
SFA? 19.34 20.58 20.98 21.75
MUFA*¢ 31.44 28.81 27.35 24.11
PUFAY 49.22 50.61 51.67 54.14
n-3 PUFA 2.629 3.028 3.433 4.099
n-6 PUFA 46.56 47.56 48.20 49.99

“0 (Control); 10 (10% soybean molasses); 20 (20% soybean molasses); 30 (30% soybean molasses).

b Saturated fatty acids.
¢ Monosaturated fatty acids.
4 Polyunsaturated fatty acids.

weighed and taken to the slaughterhouse. At the
slaughterhouse, they were stunned by electronarcosis,
with electrical discharge to head and heart, and then
bleed through the section of the jugular veins and ca-
rotid arteries, respecting the procedure that character-
izes humanitarian slaughter (Monteiro Janior, 2000).

The hot carcass weight (HCW) was obtained
after skinning and evisceration of the animals,
which after weighing were stored in a cold chamber
at 4 °C for 24 h, then they were weighed again to
determine the cold carcass weight (CCW). After
weighing, the hot carcass yield (HCY = HCW /
BW X 100) and cold carcass yield (CCY = CCW/
BW X% 100) was calculated.

In the Longissimus thoracis et lumborum
muscle, at the height of the 13th rib, subcutaneous
fat thickness and loin eye areca (LEA) were meas-
ured. The subcutaneous fat thickness was measured

with the aid of a digital caliper. The LEA was meas-
ured according to Cezar et al. (2007) with modifica-
tion. With the help of a sheet of parchment paper
over the section area, the muscle outline was drawn
with a pen. Subsequently, the sheets were scanned
and read in the computer program Imagel, previ-
ously calibrated to measure the area in cm?”.

Ruminitis

For the evaluation of the ruminitis severity
(RS), after the slaughter, the rumens were washed
and evaluated by two trained evaluators. The rumi-
nal epithelium was classified according to the inci-
dence of lesions (rumenitis and hyperparakeratosis)
and other abnormalities in it, following the meth-
odology of Bigham and McMamus (1975) based
on a scale from 0 to 10.

Translate basic science to industry innovation
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Liver Abscess

The liver of the animals was examined and clas-
sified according to the size and number of abscesses
(1 = one to two small abscess, 2 = two to four small
abscess, and 3 = one or more large abscess greater
than 2.5 cm, according to the methodology proposed
by Brink et al. (1990). Livers without abnormalities
were labeled as normal and received a grade of 0.

Meat Quality

After 24 h in a cold chamber, samples of the
Longissimus thoracis et lumborum muscle were
collected from the left side of the carcass (be-
tween 5th and 13th ribs), vacuum-packed in poly-
ethylene bags, transported to the Meat Technology
Laboratory at Sdo Paulo State University campus
Jaboticabal and stored at —20 °C until the analysis
procedure.

Meat color parameters were evaluated as de-
scribed by Houben et al. (2000), using a color-
imeter (Minolta Chroma Meter CR-300, Osaka,
Japan). The parameters evaluated were luminosity
(L*), red intensity («¢*), and yellow intensity (b*),
which were evaluated by the CIE L* a* b* color
system (CIE, 2004). The color was read at three dif-
ferent points and the averages were calculated. The
pH was measured using meat pH meter (Testo 205).
Both parameters were measured after 45 min (room
temperature) and 24 h (at 4 °C in a cold chamber)
after slaughter.

The samples were thawed at room tempera-
ture, crushed, and lyophilized for 72 h. After the
lyophilization process, the DM was determined ac-
cording to AOAC 1995 (method 930.15), the ash
content obtained by incinerating the samples in
a muffle furnace at 600 °C for 3 h (AOAC, 1990;
method 942.05), the concentration of nitrogen (N)
was determined by the Kjeldahl method (AOAC,
1998; method 988.05), and the crude protein con-
tent multiplied by 6.25. Fat was according to Bligh
and Dyer (1959), without subcutaneous fat, to de-
termine the proximate composition.

Water holding capacity (WHC) was measured
by subjecting approximately 2 g of meat to 10 kg
of pressure for 5 min. The difference between the
weight of the meat before and after the procedure
was used to calculate the WHC, expressed in %
(Hamm, 1986). For the determination of cooking
loss (CL), two samples of each animal were thawed
at room temperature, weighed, and grilled at 200 °C
in a preheated grill. When the geometric center of
the sample reached 71 °C (thermometer), cooking

was stopped and the samples were weighed again
when they reached room temperature (AMSA,
1978). The CL was considered by the difference in
weight of the samples before and after cooking.
The same samples used to determine CL were used
to assess shear force using a Warner—Bratzler blade
(WBSF), where six-round cores (1.27 cm in diam-
eter) of meat, free of visible fat and connective
tissue, were cut in parallel along the muscle fibers
(AMSA, 1995), and reach each nucleus was sheared
perpendicular to the direction of the fiber, and then
averages per animal were made. The results were ex-
pressed in Newton (N) per 1 cm?.

Fatty acid profile was extracted according
to the methodology proposed by Bligh and Dyer
(1959) with some modifications. Approximately 3 g
of lyophilized meat samples were transferred to
a 125 mL Erlenmeyer and 10 mL of chloroform,
20 mL of ethanol, and 8 mL of distilled water were
added. The containers were shaken for 30 min
on a horizontal shaker (model SL-0031, Solab,
Piracicaba, Brazil), 10 mL of chloroform and 10 mL
of 1.5% sodium sulfate solution were added for an-
other 2 min of stirring. The entire contents were fil-
tered with quantitative filter paper and transferred
to 50 mL Falcon flasks. After separation, the top
layer was discarded, and 10 mL of the filtrate was
transferred to previously tared glass beakers. The
container was placed in a force air oven at 55 °C for
24 h, to evaporate the solvent. After cooling in the
desiccator were weighed again and the fat content
calculated by the difference.

For the transesterification of triglycerides, ap-
proximately 50 mg of lipids were transferred to 15 mL
Falcon flasks, and 2 mL of heptane were added. The
mixture was stirred until the complete fat dissolved
and then 2 mL of KOH (2 mol/L of methanol) was
added. The new mixture was vigorously stirred for
5 min. After separation of the phases, 1 mL of the
upper layer, composed of heptane and methyl esters
of fatty acid was transferred to 1.5 mL microtubes
and frozen at —18 °C until analysis.

Fatty acid profile analyzes were performed
using a gas chromatograph (model 14-B, Shimadzu,
Kyoto, Japan), along with a fused silica capillary
column, type Omewax250 (100 m X 0.25 mm X
0.25 pm) Cat. No. 24136-Supelco. The activities of
A9 desaturase (16 and 18) and elongase were esti-
mated according to Malau-Aduli et al. (1997), and
the atherogenicity index was estimated according to
Ulbricht e Southgate (1991), as follows:

Adesaturase 16 =100 [C16 : 1c9/
(C16: 1c9 + C16:0)]
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Adesaturase 18 =100 [C18 : 1c9/(C18 : 1c9
+ C18:0)]

Elongase =
18:0 + C18:1¢9
(C:16:0 + Cl16:1c9) + (C18:0 + Cl18: 1c9)

100 x

Atherogenicity index =
Cl12:0 + 4(Cl14:0)+Cl16:0
XMUFA + XPUFA

Statistical Analysis

Growth performance, ruminitis and liver ab-
scess severity, carcass, and meat quality data were
analyzed using the MIXED procedure of SAS
software (SAS Inst., Inc., Cary, NC; version 9.4).
The model included the fixed effects of includ-
ing the SBM, and the blocks as random effects
(RANDOM SAS option). The linear and quad-
ratic effects of the inclusion of SBM were tested, as
well as the contrasts 0 (control) vs. SBM treatments
(10%, 20%, and 30%).

Feeding behavior, pH and color of meat were
evaluated as a repeated measure over time, includ-
ing the effects of treatments. The response variables
were subjected to tests with different covariance
structures and the structure that resulted in the
lowest AIC (Akaike Information Criterion) value
for each response variable was chosen for analysis
because it better accommodates the data. Values of

P <0.05 were considered significant and 0.05 < P <
0.10, as tendency.

RESULTS

Dry Matter and Nutrients Intake, Growth
Performance, and Feeding Behavior

The increasing inclusion of SBM did not affect
the intake of DM, CP, NDF, and ADF (P = 0.153,
0.163, 0.440, and 0.177, respectively; Table 4). There
was a difference for EE and ash intake (P < 0.01
for both), in which the treatment with 0% SBM
inclusion consumed 13.3g more EE (44.2% more)
than lambs fed 30% SBM diet. The NDF consump-
tion shower quadratic tendency (P = 0.054) while
the ADF consumption present a linear tendency
(P = 0.052) with SBM inclusion. The severity of
liver abscess showed tendency (P = 0.066) when
SBM was included in the diets.

When the growth performance was evaluated,
the increasing inclusion of SBM did not affect any
of the variables analyzed (P > 0.10; Table 5) in any
of the feedlot periods (adaptation period, finishing
period, and total period).

For the feeding behavior, the increasing inclusion
of SBM provided a linear reduction in the time spent
in ruminating while lying down (RL; P = 0.041)
and an increase in the rumination efficiency (REF;
P =0.028); Table 6). Animals that received 30% SBM
spent an average of 39.6 min less ruminating while
lying down compared to the lambs fed 0% SBM. The
inclusion of SBM reduced the time drinking water
(DW; P = 0.026; 0 vs. SBM), reducing by 6.9 min

Table 4. Dry matter and nutrients intake of feedlot lambs fed different levels of soybean molasses

Inclusion levels of SBM P-value’

Item 0 10 20 30 SEM¢ L Q 0 vs. SBM
DMI¢, g/d 1135 1281 1173 1185 32.8 0.831 0.280 0.153
EEIY, g/d 434 354 30.2 30.1 1.26 <0.01 0.038 <0.01
CPI¢, g/d 193 219 201 205 6.04 0.718 0.361 0.163
NDFV, g/d 410 475 408 391 12.1 0.083 0.054 0.440
ADFI¢, g/d 278 263 247 241 8.86 0.052 0.789 0.177
ASHI’, g/d 55.9 73.0 76.1 89.3 2.83 <0.01 0.614 <0.01
DMIF’, % 9.74 8.50 11.1 9.88 0.61 0.517 0.858 0.993

*SEM = standard error mean.
b L = linear effect; Q = quadratic effect; 0 vs. MSO = contrast 0% vs. SBM treatments.
¢ DMI = dry matter intake.

¢ EEI = ether extract intake.

¢ CPI = crude protein intake.

/NDFI = neutral detergent fiber intake.
¢ ADFI = acid detergent fiber intake.

" ASHI = ash intake.
DMIF = dry matter intake fluctuation.
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Table 5. Performance (kg), ruminitis, and liver abscess severity of feedlot lambs fed with different levels of

soybean molasses

Inclusion levels of SBM P-value®

Item 0 10 20 30 SEM* L Q 0 vs. SBM
IBW 1d¢ 20.9 20.1 20.9 20.9 0.43 0.851 0.625 0.746
IBW 174d¢ 24.5 253 24.4 252 0.50 0.529 0.964 0.378
FBW 58d¢ 34.4 359 34.9 34.9 0.73 0.889 0.551 0.504
ADG 1-16d 0.23 0.35 0.24 0.27 0.04 0.951 0.515 0.275
ADG 17-58d¢ 0.24 0.25 0.25 0.23 0.01 0.808 0.385 0.687
ADG 1-58d" 0.23 0.28 0.24 0.24 0.01 0.999 0.386 0.411
RS 1.36 1.37 1.49 0.60 0.35 0.495 0.503 0.831
LAS 0.11 0.44 0.33 0.44 0.09 0.201 0.536 0.066

“SEM = standard error mean.

b L = linear effect; Q = quadratic effect; 0 vs. SBM = contrast 0% vs. SBM treatments.

<IBW 1 d = initial body weight on first day of adaptation.

4IBW 17 d = initial body weight on fist day with final diets/final of adaptation.

¢FBW 58 d = final body weight of feedlot.

ADG 1-16 d = average daily gain on adaptation.

¢ ADG 17-58 d = average daily gain with final diets.

" ADG 1-58 d = average daily gain on experimental period.

RS = ruminitis severity.

/LAS = liver abscess severity.
Table 6. Feeding behavior (min/d) of feedlot lambs fed with different levels of soybean molasses

Inclusion levels of SBM P-value®

Item 0 10 20 30 SEM* L Q 0 vs. SBM
Idle lying 755 754 754 770 9.06 0.688 0.746 0.876
Idle standing 161 143 161 154 5.27 0.930 0.707 0.601
Ruminating while lying down 276 278 250 236 6.26 0.041 0.594 0.230
Ruminating standing 5.16 9.47 6.47 6.00 0.90 0.962 0.309 0.463
Feeder interaction 166 166 167 189 4.39 0.236 0.400 0.587
Drinking water 18.7 15.5 13.2 11.8 0.95 0.013 0.644 0.026
Other activities 35.5 31.6 44.4 34.9 1.99 0.628 0.601 0.801
Stereotypes 18.2 16.9 20.8 24.2 1.66 0.294 0.614 0.642
REFY, (g MS/h) 240 272 275 309 10.8 0.033 0.970 0.028
FEF, (g MS/h) 429 489 426 391 20.1 0.266 0.214 0.892
Total chewing time 456 463 433 432 7.25 0.202 0.831 0.503
N/Cud® 433 39.9 38.3 41.7 0.49 0.192 0.006 0.015
FVF 17.4 17.5 18.6 20.2 0.44 0.066 0.518 0.275

«SEM = standard error mean.

® L = linear effect; Q = quadratic effect; 0 vs. SBM = contrast 0% vs. SBM treatments.

¢ N/Cud = number of chews per bolus.
¢REF = rumination efficiency.
¢ FEF = feeding efficiency.

"FVF = frequency of visits to feeder (times that the animal went to the feeder).

the time spent DW by the lambs fed 30% SBM when
compared to 0% SBM. There was a decreased linear
effect for the time spent chewing cud (P = 0.015) with
the inclusion of SBM in the diets, with the lowest
values for SBM treatments. The frequency of visits
to the feeder showed a linear increasing tendency
(P =0.066), where the lambs that received 30% SBM
tended to go 2.9 more times to the feeder than the
0% SBM treatment.

Carcass Characteristics and Meat Quality

The increasing inclusion of SBM did not influ-
ence the carcass parameters and physical analysis
of the meat (P > 0.10, Table 7).

For the fatty acid profile of the meat, there was
a linear reduction for acids C14:0, C17:0, C17:1,
C20:3n6, and PUFA (P = 0.05, 0.028, 0.031, 0.030,
and 0.019, respectively; Tables 8 and 9) concentrations.
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Table 7. Parameters of carcass and meat of feedlot lambs fed different levels of soybean molasses

Levels of SBM P-value’
Item 0 10 20 30 SEM* L Q 0 vs. SBM
HCW¢, kg 15.6 16.8 16.4 16.4 0.36 0.551 0.421 0.249
CCW4, kg 15.3 16.2 15.8 15.8 0.36 0.662 0.434 0.295
HCY*, % 42.8 45.4 44.2 443 0.97 0.551 0.421 0.248
CCY/, % 41.5 43.8 42.7 42.6 0.97 0.661 0.434 0.294
FT¢, mm 3.70 3.45 3.57 3.46 1.39 0.665 0.805 0.552
LEA’, ¢cm? 11.8 11.5 11.0 12.1 0.30 0.825 0.249 0.780
CL, % 26.1 24.7 25.5 26.1 0.61 0.910 0.462 0.735
WHC, % 67.4 67.7 65.7 68.0 0.40 0.957 0.219 0.660
WBSF+, N 25.7 22.9 21.7 25.7 1.26 0.920 0.154 0.342
pH 6.11 6.08 6.15 6.11 0.04 0.703 0.940 0.934
L* 31.1 30.5 30.6 31.2 0.32 0.915 0.412 0.684
a* 12.5 11.1 11.9 11.8 0.18 0.602 0.189 0.131
b* 2.45 1.93 2.20 2.39 0.08 0.924 0.138 0.312

¢« SEM = standard error mean.

b L = linear effect; Q = quadratic effect; 0 vs. MSO = contrast 0% vs. SBM treatments.

¢HCW = hot carcass weight.

¢ CCW = cold carcass weight.

¢HCY = hot carcass yield.

/CCY = cold carcass yield.

¢ FT = subcutaneous fat thickness.
"LEA = loin eye area.

"CL = cooking loss.

JWHC = water hold capacity.

“WBSF = Warner—Bratzler shear force.

For C18:2n6¢c, C20:2, and n6-PUFA acids,
the inclusion of SBM provided a reduction in
concentrations (P = 0.007, 0.004, and 0.046,
respectively) in addition to decreasing the
n-6/n-3 ratio (P = 0.016), while for C22:0 and
C22:6n3 fatty acids, the concentration increased
(P = 0.022 and 0.002). C20:5n3 acid showed a
tendency (P = 0.084), with higher values for SMB
treatments.

Regarding the proximate composition
(Table 10), the inclusion of SBM did not provide
significant differences (P > 0.10).

DISCUSSION

Dry Matter and Nutrients Intake, Growth
Performance, and Feeding Behavior

The similarity in DM intake with the increas-
ing inclusion of SBM can be due to meeting the
requirements of the animals since the diets were
similar in terms of metabolizable energy and NDF
content that could interfere with consumption. This
result corroborates with Oltramari et al. (2016),
who evaluated the supplementation of calves with
the inclusion of up to 10% sugarcane molasses in

the DM and observed no significant difference in
the DMI. Fimbres-Durazo et al. (2013) also found
no differences for DMI, weight gain, and feed
conversion ratio of lambs fed increasing levels of
blackstrap molasses, showing very close results for
weight gain using the same animal category, with
similar initial weight, age and high concentrate pro-
portion, as in this study.

The lower intake of ether extract combined
with the higher intake of ash for treatments with
SBM is due to the difference of these nutrients
in the diets. The SBM has lower EE content and
higher ash content compared to corn, therefore, the
replacement of corn with molasses provided lower
concentrations of EE and higher ash, and since the
DMI did not show any significant difference, the in-
take of these nutrients followed the composition of
the diets.

The quadratic tendency for the neutral deter-
gent fiber intake is probably due to higher DM in-
take, numerically, in the treatment 10% of SBM,
although this variable did not present a significant
difference since the treatments presented decreasing
NDF content. The tendency towards ADF intake is
also due to the variation in concentrations in diets.
NDF intake is negatively correlated with dietary

Translate basic science to industry innovation



10 Arruda et al.

Table 8. Fatty acid profile of Longissimus thoracis et lumborum (mg/100 g) of feedlot lambs fed different

levels of soybean molasses

Levels of SBM P-value®
Item 0 10 20 30 SEM¢ L Q 0 vs. SBM
C10:0 11.3 11.8 8.07 9.70 0.57 0.142 0.783 0.373
C12:0 4.83 498 4.05 4.57 0.30 0.415 0.428 0.986
C14:0 171 164 133 137 7.81 0.050 0.709 0.156
C15:0 14.1 11.3 10.1 11.0 1.00 0.398 0.441 0.308
C16:0 1977 1845 1675 1805 70.2 0.226 0.324 0.159
C17:0 70.2 63.0 49.3 52.1 3.44 0.028 0.409 0.093
C18:0 1287 1144 1091 1088 53.1 0.214 0.508 0.177
C20:0 5.90 6.57 5.72 5.85 0.41 0.801 0.742 0.903
C21:0 25.6 28.3 24.1 27.0 1.54 0.999 0.967 0.792
C22:0 9.60 12.18 11.51 10.80 0.58 0.433 0.125 0.022
Cl4:1 9,56 11.04 4.97 6.34 1.11 0.214 0.808 0.839
C16:1n9¢ 124 130 106 118 5.34 0.231 0.755 0.498
Cl17:1 38.2 40.1 29.4 29.6 1.78 0.031 0.193 0.671
C18:1n9t 0.07 0.08 0.11 0.07 0.01 0.551 0.635 0.968
C18:1n9¢ 3457 3197 3059 3266 118 0.519 0.339 0.333
C18:2n6t 2.63 2.46 2.19 2.29 0.18 0.472 0.714 0.556
C18:2n6¢ 212 195 170 162 7.26 0.004 0.703 0.007
C18:3n6 391 3.13 2.95 2.51 0.21 0.092 0.828 0.241
C18:3n3 9.59 9.33 6.80 8.61 0.44 0.184 0.178 0.158
C20:2 1.61 1.32 1.45 1.23 0.06 0.021 0.705 0.004
C20:3n6 6.07 6.41 5.77 4.85 0.28 0.030 0.214 0.345
C20:4n6 51.4 60.7 58.4 53.6 2.85 0.835 0.199 0.178
C20:5n3 3.68 6.09 4.08 4.07 0.42 0.731 0.154 0.084
C22:4n6 5.29 5.12 6.05 5.42 0.25 0.475 0.594 0.537
C22:5n3 8.56 12.03 9.04 9.22 0.68 0.581 0.225 0.107
C22:6n3 1.71 2.80 2.39 2.22 0.15 0.253 0.028 0.002

¢« SEM = standard error mean.

b L = linear effect; Q = quadratic effect; 0 vs. MSO = contrast 0% vs. SBM treatments.

energy (Van Soest, 1994), the latter with a greater
influence on intake when NDF is not enough to
cause physical filling. In this study, NDF concen-
tration ranged from 36.86 to 31.88 g/kg, very close
levels, as well as the levels of DM.

The lower intake of neutral detergent fiber
may explain the less time spent ruminating while
lying down with SBM inclusion. According to Van
Soest (1994), the time spent on rumination is pro-
portional to the intake of NDF. Thus, the lowest
NDF levels, associated with the lowest NDF intake
for diets with SBM, may have contributed to the
shorter times ruminating while lying down by the
animals, since the shorter times were found for the
treatments with higher amount of molasses. This
fact, which also contributed to the shorter chewing
times per cud with the inclusion of SBM. The NDF
reduction is related to the chewing time, which de-
creases as the NDF concentration also decreases
(Muhammad et al., 2016).

The lower time drinking water in the treatments
with SBM is due to the lower DM of these diets,

that is, the larger presence of water in these diets
reduced the time drinking water. Molasses has ap-
proximately 68% DM, against 87% cornmeal, a
difference of 19 units. Calculating the difference in
water intake through diets intake, there was 94.8 g
water/kg DM ingested more in the treatment 30%
compared to 0% treatment.

The highest values of rumination efficiency
showed the animals that consumed SBM obtained
better efficiency. The higher NFC in the diets can
lead the feed a less necessity of rumination and
higher passage rate, increasing the rumination ef-
ficiency (Mendes et al., 2015). Just as NFC may
have contributed, the sugars in the SBM may
have contributed strongly to this result as it must
have been rapidly dissolved in the rumen since the
roughage:concentrate ratio was the same to the
treatments.

The linear tendency in the frequency of visits
to the feeder showed that the greater the inclu-
sion of molasses, the greater the number of times
the animals tend to go to the feeder. The greater
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Table 9. Quantification of fatty acids and A’ desaturase and elongase activity of Longissimus thoracis et
lumborum muscle (mg/100 g) of feedlot lambs fed different levels of soybean molasses

Levels of SBM P-value®
Item 0 10 20 30 SEM¢ L Q 0 vs. SBM
TFA¢ 7526 6987 6497 6836 247 0.254 0.372 0.187
SFA? 3581 3289 3011 3151 129 0.177 0.382 0.138
MUFA® 3641 3389 3213 3429 124 0.482 0.363 0.332
PUFA/ 307 304 268 256 10.0 0.019 0.793 0.078
n-3 PUFA¢ 23.4 30.1 22.2 24.1 1.31 0.402 0.568 0.781
n-6 PUFA" 282 272 245 230 9.34 0.017 0.879 0.046
n-6/n-3' 12.0 9.67 11.5 10.1 0.48 0.274 0.578 0.016
AV 0.68 0.68 0.63 0.64 0.01 0.145 0.954 0.315
A° des16* 6.00 6.74 5.86 6.21 0.19 0.834 0.606 0.456
A° des18’ 72.9 73.9 73.4 75.4 0.67 0.238 0.698 0.450
Elongase 69.2 68.6 70.1 69.3 0.31 0.519 0.898 0.852

¢« SEM = standard error mean.

b L = linear effect; Q = quadratic effect; 0 vs. MSO = contrast 0% vs. SBM treatments.

¢ TFA = total fatty acids.

4 SFA = saturated fatty acids.

¢ MUFA = monounsaturated fatty acids.
/PUFA = polyunsaturated fatty acids.

¢n-3 PUFA = n-3 polyunsaturated fatty acids.
"n-6 PUFA = n-6 polyunsaturated fatty acids.
"n-6/n-3 = n-6 and n-3 fatty acids ratio.

/ Al = Atherogenicity index.

K A® des16 = A9 desaturase 16 activity.

"'A? des18 = A9 desaturase 18 activity.

Table 10. Proximate composition of Longissimus thoracis et lumborum muscle (g/100 g) of feedlot lambs

fed different levels of soybean molasses

Levels of SBM P-value’
Item 0 10 20 30 SEM“ L Q 0 vs. SBM
Moisture 70.4 71.3 71.5 71.3 0.23 0.136 0.281 0.126
Ash 1.28 1.24 1.30 1.28 0.03 0.824 0.843 0911
Crude protein 20.3 20.1 19.9 20.4 0.10 0.882 0.137 0.611
Total fat 7.97 7.36 7.22 6.95 0.25 0.149 0.736 0.185

“SEM = standard error mean.

® L = linear effect; Q = quadratic effect; 0 vs. MSO = contrast 0% vs. SBM treatments.

fractionation of intake throughout the day is desir-
able, as it is related to greater health and better wel-
fare in animals (Nielsen et al., 2016). This tendency
can also be related to the rapid fermentation and
production of fatty acids in the rumen promoted
by sugars (Martel et al. 2011; Soder et al., 2011)
contained in SBM, quickly increasing the osmotic
pressure and concentration of fatty acids in the
rumen, causing that animals reach “brain regu-
lation of satiety” earlier, thus leading to greater
fractionation of intake as a measure to prevent
metabolic disorders (Ginane et al., 2015).

In addition, the frequency of visits to the feeder
may also be related to a possible higher rate of

passage of treatments with SBM and consequent
shorter time in the rumen. Whitlow et al. (1976)
found a higher concentration of chromium in the
abomasum of cows when supplemented with com-
mercial products based on sugarcane molasses,
compared to the 0% treatment, indicating a higher
rate of passage through the reticulum-rumen in
animals fed with molasses. Therefore, the possible
shorter time the feed remained in the rumen may
have caused a greater number of visits to the feeder,
which also justifies the higher DMI in relation
to BW.

The feeding intake fluctuation can be due to the
increase in rumen osmotic concentration through
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the large production of volatile fatty acids can in-
crease rumen acidification due to the greater diffi-
culty in absorbing fatty acids, quickly decreasing
the pH and causing feeding intake fluctuation,
which is common in ruminants fed high-concen-
trate diets and values above 350 mOsmol are suffi-
cient to cause subclinical ruminal acidosis (Millen
et al., 2016). The feeding intake fluctuation can be
extended from the adaptation period to the initial
phase of confinement, mainly for ad libitum feed-
ings (Soto-Navarro et al., 2000).

The fluctuations in dry matter intake were
9.74%, 8.50%, 11.1%, and 9.88%, respectively for
treatments with 0%, 10%, 20%, and 30% of SBM.
This result can be due to high concentrate content
in the diets. Soto-Navarro et al. (2000) verified a
decrease in the growth performance of steers in
the initial confinement phase with a 10% fluctu-
ation in DMI, explaining this result to the pres-
ence of subacute ruminal acidosis. Maybe the
treatments have caused subacute ruminal acidosis
but there was no difference observed in growth
performance.

The high amount of concentrate in diets leads
to a greater concentration of volatile fatty acids
in rumen, that can damage the ruminal tissues,
causing ruptures in the epithelium and rumen
wall, making space for microorganisms such as
Fusobacterium necrophorum, which fall into the
bloodstream and are carried to the liver causing
liver abscesses (Millen et al., 2016). Thus, the ap-
pearance of liver abscesses can be associated with
the feeding intake fluctuation in molasses treat-
ments but not caused differences in severity be-
tween treatments.

Despite the presence of liver abscess and rumi-
nitis, the growth performance was satisfactory, close
to the target according to NRC (0.250 kg against
0.230, 0.246, 0.243, and 0.226 kg for 0%, 10%, 205,
and 30% treatments, respectively). In addition to
feeding intake fluctuation, no other signs of acid-
osis were observed in the animals during the feed-
ing period in any treatment.

Carcass Characteristics and Meat Quality

The values obtained for the carcass parameters
and physicochemical characteristics of the meat are
close to those found in the literature for Dorper X
Santa Inés lambs (Carvalho et al., 2015; Bezerra
et al., 2016). Corroborating the results obtained,
Queiroz et al. (2015), evaluating the meat and car-
cass characteristics of Santa Inés lambs slaugh-
tered with different subcutaneous fat thicknesses

measures, observed values of hot carcass weight
and loin eye area close to those found in the present
study, which were 16.3 kg and 11.6 cm? of mean,
respectively.

The high values of subcutaneous fat thickness
and intramuscular fat in the Longissimus thoracis et
lumborum muscle may be associated with the level
of concentrate in the diets, which has a great influ-
ence on these characteristics (Majdoub-Mathlouthi
et al., 2013). The amount of intramuscular fat in
meat generally increases with the addition of con-
centrate to the diet in a positive correlation, caused
by greater energy intake, and greater production
of propionate in the rumen, which stimulates fat
synthesis through the high availability of glucose
in the blood, the great precursor of intramuscular
fat deposition (Mushi et al., 2009; Jacques et al.,
2011; Ladeira et al., 2018). In the study by Barros
et al. (2015), the concentration of total lipids in the
Longissimus dorsi of Dorper X Santa Inés lambs,
fed with increasing concentrations of glycerin in
roughage:concentrate ratio of 52:48, and slaugh-
tered between 9 and 10 mo of age, reached 6.13% in
the 0% treatment, also a high value.

In the present study, the maximum mean for
shear force was 25.7 N, which is smaller than the
values found by Souza et al. (2016), that evaluated
two crosses of Dorper X Santa Inés breed, slaugh-
tered with approximately 36 kg of live weight, that
observed values for shear force smaller than 3.4 kgf/
cm? (approximately 33.3 N). According to Lawrie
(2017), the meat needs to be below 3 kgf (approxi-
mately 29 N) to have good acceptance by the con-
sumer, thus the meat of the present study is in this
category, being below 29 N and considered soft and
with good acceptance.

The low values for shear force can be related to
the relatively high amount of lipids in the muscle.
According to Starkey et al. (2016), the intra-
muscular fat is related to the shear force in the
Longissimus thoracis muscle of lambs, and 1% of
increase in this fat can promote a decrease in the
shear force by 3.9 N.

According to Kerry et al. (2002), meat palat-
ability is strongly related to the amount of intra-
muscular fat, and values less than 3% show a
radical reduction in palatability, while meat with
values above 7.3% was considered very greasy by
consumers. However, despite the fat of treatments
did not show any significative difference, the treat-
ments with SBM are also in agreement within the
acceptance range.

The reduction in the concentration of n-6,
C18:2n6¢c and C20:4n6, influenced the total
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concentration of polyunsaturated fatty acids, and
consequently the n-6/n-3 ratio since the n-3 concen-
tration did not vary.

Although molasses treatments have higher
amounts of polyunsaturated fatty acids, the con-
sumption of ether extract may have impacted on the
result, being higher in the 0% treatment (43.4 g/d)
and reducing with the inclusion of molasses (35.4,
30.2, and 30.1 g/d for treatments with 10%, 20%,
and 30% of SBM, respectively). As they are high
concentrate diets, the high passage rate combined
with the consumption of superior ether extract in
the 0% treatment may have resulted in a greater es-
cape of these fatty acids from biohydrogenation,
being incorporated in a higher concentration in
the meat.

In the present study, there was an increase of
DHA (C22:6n3) in the treatments with molasse,
which may have occurred due to higher concentra-
tion of linoleic acid (C18:3) in the diets with mo-
lasses, a precursor of n-3 fatty acids such as DHA,
which is present in higher concentrations in soy
compared to corn (Bezerra et al., 2016; Fonteles
etal., 2018).

Consumption of n-3 fatty acids, mainly EPA
(C20:5n3) and DHA has long been associated with
prevention of cancer and heart, metabolic, and in-
flammatory diseases in humans (Chikwanha et al.,
2018), and n-6 fatty acids as having the opposite
function, associated with the onset of inflamma-
tion, thrombosis, increased blood viscosity, and
vasoconstriction, resulting in the need to main-
tain a low relationship between these fatty acids in
human nutrition (Simopoulos, 2016). As a result,
meat has come to be considered an important part
mainly in the manifestation of heart diseases.

Recent studies have questioned the association
of greater consumption of n-6 with harm to human
health, in addition to the better n-6/n-3 ratio
(Sheppard e Cheatham, 2018; Zhuang et al., 2019).
Zhuang et al. (2019) recommended the consump-
tion of rations between 6 and 10 of n-6/n-3 for the
Chinese population, as they did not observe a link
between this consumption and a higher mortality
rate, while Sheppard and Cheatham (2018) showed
the ratio of 7:11 as safe for the North American
population.

Taking into account the possible non-harmful
relationship of n-3 fatty acids in relation to n-6,
treatments with SBM inclusion promoted a better
quality of the meat, since they decrease the n-6/n-3
ratio, being within the consumption recommenda-
tions proposed by some authors (Sheppard and
Cheatham, 2018; Zhuang et al., 2019).

CONCLUSION

The inclusion of up to 30% of SBM for feedlot
lambs does not affect the growth performance and
carcass and meat parameters, besides to promote a
lower n-6/n-3 ratio, making the meat healthier for
human consumption, therefore it can be used as an
alternative ingredient to replacing corn grain.
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