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Abstract. The objective was to evaluate different levels of crambe cake protein (0, 250, 500, 750
and 1000 g/kg of DM) to replace soybean meal protein on the intake, apparent digestibility coefficient
(ADC), blood glucose, ruminal fermentation, and protozoal population in lambs. Two experiments were
performed. In experiment one, 40 crossbred male lambs weighing 20 £ 3.45 kg were used, distributed
in a completely randomized design, to study intake and ruminal parameters. In experiment two, 25
crossbred male lambs weighing 23.44 + 1.04 kg were used to study digestibility. The intake of dry matter
and total carbohydrate (TC) (kg/lambs/day and g/kg®7%), crude protein (kg/lambs/day) and final body
weight decreased with increase of crambe cake protein as a replacement for soybean meal protein,
while ether extract (EE)intake (kg/lambs/day and g/kg®’®) increased. The ADC of EE
presented a positive linear effect and the ADC of TC and non-fibrous carbohydrates presented a
negative linear effect. There was no interaction within treatments and collection period (0, 3, 6
and 9 h) on ruminal fluid characteristics. Blood glucose presented a quadratic effect for levels of
crambe cake protein in diets (max. P = 35.18%), and linear increase for collection period. Ruminal pH
showed a quadratic effect for sampling hours (max. P = 5.43 h). For protozoa evaluation, the
total amount, Entodinium, and Eudiplodium presented linear decreasing effects with treatment,
while Isotricha, Eudiplodium, Ostracodinium and the total amount of protozoa had a linear
decrease with sampling hours. Soybean meal protein can be replaced by crambe cake protein at up
to 250 g/kg DM.
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Introduction

The competition between humans and animals for grains threatens the sustainability of food
systems in general, and it therefore becomes necessary to develop new ingredients, especially non-
conventional ingredients, that can be used in animal feed (Yang et al., 2021). The renewable sources
for biodiesel production in Brazil are soybean, cotton, maize grains, sunflower, canola, and animal
fat (Ramos et al.,, 2017). However, some non-edible oleaginous plants have aroused interest as
alternative raw materials, among which is crambe (Crambe abyssinica Hochst). In the production of
biodiesel, some by-products are generated, which, although considered pollutants, are available and
suitable for use in ruminant nutrition (Mendonga et al., 2015).

Crambe is a subtropical plant, native to the Mediterranean, tolerant to drought and acid soils,
with grains that have a high protein content (460 to 580 g/kg), energy (5994 kcal/g) and ether extract
(260 to 440 g/kg) (Souza et al., 2009; Goes et al., 2010; Goes et al., 2016). During the extraction of
the oil, by-products such as crambe cake and bran are obtained.

Crambe cake is obtained after the mechanical extraction of the oil by pressing the seeds,
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presenting a residual oil content higher than that contained in the crambe meal (Canova, 2015). The
crambe cake contains 870-940 g/kg dry matter, 240-340 g/kg crude protein, 180-290 g/kg ether
extract, 300-550 g/kg neutral detergent fibre (NDF), and 190-244 g/kg acid detergent fibre (ADF)
(Bras et al., 2014; Canova et al., 2015; Silva et al., 2015; Goes et al., 2016; Pegoraro et al., 2017;
Goes et al., 2018). The crambe cake contains 50.0—77.4 mmol/kg DM of glucosinolates and 56% erucic
acid of total fatty acids (Béhme et al., 2005). These characteristics make it possible to use it as a protein
source in the feeding of lambs.

Knowledge of the basic nutritional principles of the ingredients and their chemical composition
and nutritional value allows adjustment of the amount in the diet, based on nutritional requirements,
to maximize performance and avoid loss of production. Among the techniques used to evaluate
ruminant diets is apparent digestibility, which evaluates the efficiency of utilization of nutrients in the
digestive tract of animals through the balance of nutrients consumed and faecal excretion (Van Soest,
1994).

Ruminal parameters and metabolic profile techniques are commonly used to describe by-
products and identify both potential and efficiency when replacing traditional feed in ruminant diets
(Mizubuti et al., 2011). Concentrate levels are high in feedlot systems and may affect ruminal
fermentation traits like pH and the production of short chain fatty acids, changing ruminal microbiota
activity (Palmonari et al., 2010).

Studies on ruminal microorganisms usually only consider bacteria, but new findings on ciliate
protozoa metabolism has associated them with a reduction in methanogenesis,
improvements in efficiency, and biotechnology development of biomass degradation
processes (Newbold et al, 2015). Rumen protozoa can use all the plant contents through cellulolytic and
fermentative pathways. They are a continuous source of nitrogen to bacteria even after their death and
total breakdown (Salas et al., 2012; Patel & Ambalam, 2018).

Thus, the goal of this study was to evaluate the intake, digestibility of nutrients, ruminal
fermentation, blood parameters and protozoal population in lambs fed crambe cake as a replacement
for soybean meal.

Materials and Methods

Two experiments were carried out on the experimental farm of the State University of Londrina
(UEL), Brazil, and were approved by the university’s Ethics Committee (number 7748.2014.28).

In both experiments, the evaluated diets were formulated to contain increasing levels of crambe
cake protein (0, 250, 500, 750, and 1000 g/kg) as a replacement for soybean meal protein in the
concentrate ration. All diets were formulated to be isonitrogenous and met the nutrient requirements
of growing and finishing lambs (NRC, 2007); a variation of up to 0.5% protein was allowed among
them. The roughage:concentrate ratio was 30:70, using maize silage as a roughage (Table 1). To
formulate the diets, chemical compositions of ingredients determined at the Laboratory of Animal
Nutrition were used, according to the methodologies described by Association of Official Analytical
of Chemists (AOAC) (2000, 2006).

The TDN (%) was calculated using the Weiss formula (Weiss, 1993) and used to determine the
digestible energy (DE) where:

DE (kcal/kg) = 0.04409*TDN and

metabolizable energy, ME (kcal/kg) = 1.01*DE - 0.45 (NRC 2007).

The diets were provided twice a day at 07h30 and 16h30. Mineral supplementation and water were
provided ad libitum. The feed supply were adjusted every morning, before the first meal, using the
weights of food and leftovers.

In experiment one, 40 crossbred whole male lambs, with an average initial body weight of 20 +
3.45 kg, were used. The animals were housed in individual stalls with slatted floors, equipped with
feeders, mineral supplementation troughs, and drinkers. Animals were allocated in a completely
randomized experimental design to five treatments (crambe cake protein at levels 0, 250, 500, 750,
and 1000 g/kg), with eight replications per treatment.

The blood samples from all animals were collected at the 15th day for glucose determination
by placing 0.5 mL in a portable glucose meter (ACCU CHEK, Roche). Ruminal fermentation
parameters (pH and N-NH3; concentration) were evaluated at the 19th day and samples were collected
to quantify and identify ciliate protozoa. Ruminal fluid sampling was performed after 12-h fasting
(collection period zero) and then at 3, 6, and 9 h after feeding (Zeoula et al., 2003). Approximately 100
mL of ruminal fluid was sampled from each animal using an oesophageal tube.

The pH determination was performed immediately after ruminal fluid sampling with a
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digital potentiometer calibrated with buffer solutions of pH 4,0 and 7,0. The liquid was filtered with
double gauze and placed into hermetically sealed containers within eight drops of sulfuric acid (50%
v/v) and frozen at -18 °C for later determination of N-NH;. N-NH;3; content was determined by
distilling 2 mL of ruminal fluid added to 10 mL 155 KCI solution and 250 mg of magnesium oxide
(P.A)) in a micro Kjeldahl distiller and using titration with H2SO4 at 0.01N. The following formulas

were used for calculation:

N-NHg/100 mL = ((V2 — V3) x N x 0.014007 x 1000 x 100)/V1),

where N-NH3/100mL = ammoniacal nitrogen concentration in 100 mL of ruminal fluid sampled; V1
= volume in mL of ruminal fluid used in the analysis; V2 = sulfuric acid volume used in titration, in mL;

V3 = sulfuric acid volume used in reference titration, in mL; N = sulfuric acid normality.

Table 1. Chemical composition of ingredients and chemical analysis of experimental diets (g/kg DM)

ingredients DM oM CP EE NDF ADF LIG NFC ME
(g/kg NM) (g/kg DM) (kcal/kg DM)
Corn silage 417.0 9404 73.1 18.6 521.2 2776  27.8 331.0 2484
Corn grain 848.0 986.2 91.6 35.0 142.2 27.2 10.6 701.0 3153
Soybean meal 871.9 936.1 455.2 11.9 130.9 52.1 0.6 217.4 3092
Crambe cake 915.6 940.4 2805 2755 3282 2324 1185 42.9 2627
Urea 976.8 - 2826.0 - - - - - -
Mineral salt 990.0 - 30.0 - - - - - 0362
Limestone 999.0 - - - - - - - -
. Levels of crambe cake protein in the diets replacing soybean meal (g/kg DM)

Ingredients

250 500 750 1000
Corn silage 300.0 300.0 300.0 300.0 300.0
Corn grain 384.8 379.4 373.9 3735 363.1
Soybean meal 295.0 221.2 147.5 68.8 0.00
Crambe cake 0.0 73.8 147.5 221.2 295.0
Urea 0.0 5.0 10.0 15.0 20.0
Mineral salt? 10.0 10.0 10.0 10.0 10.0
Limestone 10.2 10.6 11.1 11.5 11.9
Nutritional composition
DM (g/kg NM) 721.3 725.3 729.3 733.2 737.3
OM (g/kg DM) 954.3 959.9 959.6 956.3 948.2
CP (g/kg DM) 184.5 183.6 182.7 179.9 180.9
EE (g/kg DM) 19.7 37.4 55.0 72.7 90.3
NDF (g/kg DM) 226.2 239.3 252.4 265.5 278.6
ADF (g/kg DM)  99.9 112.0 124.0 126.0 148.1
LIG (g/kg DM) 12.5 25.6 52.0 63.2 63.3
ME (kcal’lkg DM) 3075 3171 3267 3368 3461

NM = natural matter; DM = dry matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fibre;
ADF = acid detergent fibre; LIG = lignin; ME = metabolizable energy. The ME was calculated by formula of
National Research Council (NRC, 2000): ME = TDN x 3.62; where TDN = total digestible nutrients. AComposition:
calcium 135 g, phosphorus 65 g, sodium 107 g, sulphur 12 g, magnesium 6,000 mg, cobalt 175 mg, copper 100
mg, iodine 175 mg, manganese 1,440 mg, selenium 27 mg, zinc 6,000 mg, iron 1,000 mg, fluorine 650 mg

The colour, odour, and consistency of ruminal fluid were observed right after sampling by trained
technicians. Colour scale followed a pattern according to animal feeding: olive green, dark brownish
green, light yellowish green, and milky/grey green. Abnormal colours of ruminal fluid indicate
acidosis (milky/grey) or alkalosis and decomposition (dark green).
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The odour was ranked as aromatic, sour acid, and ammoniacal rotting, while consistency was
described as aqueous, viscous, and pasty. To measure bacterial activity, 0.5 mL of 0.03%-methylene
blue solution was added to 10mL of ruminal fluid without any colouring for the same lamb.

Time was measured until full breakdown of the sample after the addition of colouring, in
other words, until it became similar to the control. The following criteria were considered: normal
microbiota (3—6 min), simple indigestion (more than 8 min) and acute acidosis (more than 30 min)
(Radostits et al., 2002).

In order to quantify and identify the protozoal population, ruminal fluid was filtered with gauze,
and 20 mL was fixed with the same volume of 18.5% formalin solution, according to Dehority (1984),
adapted by D’Agosto and Carneiro (1999). Then samples were storage in jars in the refrigerator for later
analysis. Both identification and quantitative evaluations were performed on a Sedgewick—Rafter
counting chamber, according to methodology described by D’Agosto & Carneiro (1999), which uses
lugol staining instead of bright green staining. The average count of 100 fields was considered, and the
procedure for identification was based on the method of Ogimoto & Imai (1981).

In experiment two, 25 crossbred, entire, male lambs, with an average initial body weight of 23.44
+ 1.04 kg, were used. The animals were housed in individual stalls with slatted floors, equipped with
feeders, mineral supplementation troughs, and drinkers. Animals were allocated in a completely
randomized experimental design to five treatments (crambe cake protein at levels 0, 250, 500, 750,
and 1000 g/kg), with five replications per treatment.

There was an initial period of 10 days for the lambs to adapt to their diets and management
routines. The digestibility evaluation lasted 19 d. The first 14 d were for adaptation of animals to the
facilities, management routines, and food, followed by 5 d of collecting food (offered and leftovers) and
faeces for the determination of the apparent digestibility of nutrients.

Napa collecting bags attached to the animals were used to collect total faeces. Total faecal
production was weighed daily and, from the total, an aliquot of approximately 20%/animal/day was taken
to provide samples for each animal during the evaluation period.

During the collection period, daily weighing of the food provided, the leftovers, and total faeces
was performed, and an aliquot of each was taken to provide representative composite samples for
each animal. Later, all samples were analysed in the Laboratory of Animal Nutrition of the State
University of Londrina (UEL).

After collection, the samples (diet, leftovers, and faeces) were placed in plastic bags,
appropriately identified, and frozen at a temperature of approximately -18 °C. At the end of the
experimental period, the samples were thawed and pre-dried in an oven at 55 °C for 72 h.
Subsequently, they were ground in a Wiley mill with a 1-mm sieve. All samples were submitted for
chemical analyses in order to determine dry matter (DM, method 930,15), mineral matter (MM,
method 923,03), crude protein (CP, method 990,03), ether extract (EE, method 920,39),
hemicellulose (HEM) according to AOAC (2000); organic matter (OM, method 942,05) following AOAC
(2006); and neutral detergent fibre (NDF), acid detergent fibre (ADF), and lignin (LIG) as reported
by Detmann et al. (2012). The apparent digestibility coefficient (ADC) of nutrients was determined
from the results of nutrients ingested, nutrients in the leftover food, and nutrients excreted in the faeces
according to the equations described by Coelho da Silva & Ledo (1979). The results of intake,
digestibility, and ruminal parameters (protozoal counting was log transformed) were submitted to
analysis of variance, and when significant, to regression analysis, setting a 5% level of
significance, using the R statistical package (version 3.1.4, 2017). Multivariate analysis using R Studio
was performed for the blood glucose analysis.

Results and Discussion

The intake of dry matter (IDM) and total carbohydrates (TC) (kg/lamb/day and g/kg®7®)
showed a linear decreasing (P <0.05) with the increase in crambe cake protein as a replacement for
soybean meal protein (Table 2). The levels of crambe cake protein affected the intake of ether extract
(EE) (kg/lamb/day and g/kg®7®) with a positive linear effect (P <0.05, Table 2). This could be due to
the higher EE content of crambe cake when compared to soybean meal (275.54 vs 11.90 g/kg
of DM, respectively, Table 1), thus the diets with higher levels of crambe cake had a higher content of
EE (Table 1).

The intake of crude protein (kg/lamb/day) showed a linear decrease (P <0.05) with the increase
in crambe cake protein to replace the soybean meal protein (Table 2). The diets with 750 and 1000 g/kg
DM of crambe cake protein had a lower crude protein content (179.9 and 180.9 g/kg DM, respectively)
than the diet without crambe cake (184 g/kg DM). These differences influenced the decrease in the
intake of crude protein expressed in kg/lamb/day, but did not affect (P >0.05) the intake of crude
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protein in g/kg®7s (Table 2). Despite the decrease in intake, the protein requirement, as recommended
by the NRC (2007), was not affected.

The final body weight decreased linearly (P <0.05) with the increase in crambe cake protein as
a replacement for soybean meal protein (Table 2). These results are a consequence of the lower
intake of dry matter, total carbohydrates, and crude protein. It was observed that animals feed 1000
g/kg DM of crambe cake protein were 6.49 kg lighter than lambs not fed crambe cake protein (Table
2).

Table 2. Initial weight, final weight, and nutrient intake in lambs fed with different levels of crambe cake
protein to replace soybean meal protein in the diet (kg/lamb/day and g/kg®"®)
Levels of crambe cake in the diets (g/kg DM)

0 250 500 750 1000 SE P-value

Intake (kg/lamb/day)
IBW (kg) 21.67 20.76 19.88 21.53 20.36 1.130 0.776
FBW (kg) 36.40 34.77 33.16 31.53 29.91 1.420 0.019
Dry matter 1.60 151 1.36 1.45 1.17 0.061 0.018
Organic matter  1.50 1.48 151 1.38 1.39 0.026 0.194
Crude protein 0.22 0.22 0.22 0.21 0.21 0.005 0.030
Ether extract 0.06 0.08 0.09 0.11 0.12 0.002 0.001
NDF 0.60 0.60 0.63 0.52 0.56 0.013 0.302
ADF 0.30 0.29 0.30 0.25 0.25 0.004 0.184
Total 1.30 1.26 1.30 1.03 1.19 0.001 0.001
carbohydrates
NFC 0.63 0.60 0.59 0.57 0.52 0.012 0.120

Intake (g/kg®"®) SE P-value
Dry matter 105.49 100.37 91.87 98.36 87.39 3.312 0.015
Organic matter  96.27 94.95 95.74 88.56 89.41 3.017 0.159
Crude protein 13.93 13.87 14.00 13.12 13.60 0.158 0.460
Ether extract 4.07 4.88 5.41 6.89 7.70 0.034 0,001
NDF 38.67 38.63 39.90 33.07 35.94 0.348 0.364
ADF 19.29 18.56 18.85 15.98 16.38 0.097 0.222
Total 83.49 80.94 83.13 76.49 74.65 1.365 0.006
carbohydrates
NFC 103.38 95.81 94.68 98.08 90.93 0.824 0.295

IBW = Initial body weight; FBW = final body weight; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; NFC
= Non-fibrous carbohydrate. Linear effect: FBW = 369.59-1.432x (R?= 0.75) Dry matter (kg/lamb/day) = 1.35035-
0.06825x (R?= 0.75); Crude protein (kg/lamb/day) = 0.2210-0.0018x (R?= 0.75); Ether extract (kg/lamb /day) =
0.0494+0.0138x (R? = 0.98); Total carbohydrates (kg/lamb/day) = 1.079200-0.003384x (R?= 0.55); Dry matter (g/kg®7®)
= 107.787-3.605x (R? = 0.66); ether extract (g/kg®"®) = 3.0078+0.9279x (R?= 0.98); Total carbohydrates (g/kg®’®) = 86.39-
2.22x (R?=0.77)

Factors such as energy balance regulate feed intake. This mechanism is regulated by
the maintenance and production requirements (Mertens, 1997), and the high content of EE in the diets
can be assumed to be the main factor controlling intake. According to Palmquist & Mattos (2006),
values above 60.0 g/kg DM in the diet can limit the DM intake and negatively affect the nutrient
intake. Another factor is the high content of fatty acids that can increase cholecystokinin hormone
release, causing less rumen and reticular motility, as well as reduced intake (Nicholson & Omer,
1983). The level of fatty acids in the blood suppresses the desire for intake in the central nervous
system (Medeiros et al., 2015b), which may explain the decreased intake of DM and total carbohydrates.
Similar results were obtained by Issakowicz et al. (2017), who evaluated different levels of crambe
cake (0%, 22%, 44%, 66%) in replacing dietary soybean meal protein and observed a linear decrease
in DM intake (kg/lamb/day).

A lower intake of DM (kg/lamb/day) and high intake of EE (kg/sheep/day) was observed by Bras
et al. (2014), who evaluated different co-products from the extraction of oils in sheep diets. However,
Mizubuti et al. (2016) observed a higher intake of DM and EE in lambs fed diets containing 70% crambe
cake and 30% sorghum silage. Goes et al. (2018) evaluated four levels of crambe cake (0, 50, 100, and
150 g/kg DM) and observed no effect on DM intake but observed an increase in the intake of EE.

The results of the crude protein intake can be due to the lower CP content of crambe cake than
soybean meal (280.5 and 455.5 g/kg DM, respectively) (Table 1), as well as the quality of the crambe
cake protein. The decrease in final body weight was a consequence of the lower DM intake, total
carbohydrates, and crude protein.

The high EE intake resulted in greater absorption of lipids by lambs fed crambe cake. Although
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lambs fed crambe cake were lighter, these animals may have been modulated in terms of fatty acid
profile and fat deposition in the carcass. According to Roh et al. (2016), the brain modulates food
intake, energy expenditure, insulin secretion, and glucose / fatty acid metabolism in adipose tissue and
skeletal muscle, so when there is an accumulation of fat in the animal, it indicates that the levels of
energy metabolites in the animal’s blood are high, activating the centre of satiety in the hypothalamus
and inhibiting hunger.

The levels of crambe cake protein influenced the digestibility coefficients (P <0.05) of EE,
ADF, total carbohydrates, and NFC (Table 3). The digestibility coefficient of EE and ADF presented a
positive linear effect (P <0.05, Table 3). The digestibility coefficient of total carbohydrates and NCF
presented a negative linear effect (P <0.05) with an increase in crambe cake protein as a
replacement for soybean meal protein (Table 3).

Table 3. Digestibility coefficient (%) of nutrients in experimental diets containing different levels of
crambe cake protein to replace soybean meal protein in diets for lambs.

Levels of Crambe cake, (g/kg DM)

Digestibility coefficients g 250 500 750 1000  SE P-value
IBW (Kg) 24.87 23.66 22.48 23.83 2236 9.9 0.261
FBW (Kg) 29,67 28.01 26.38 27.28 2536 11.27 0.566
Dry matter 86.31 84.73 85.24 8435 8524  4.899 0.129
Organic matter 86.81 85.25 85.64 84.86 8570  4.595 0.129
Crude protein 85.78 86.81 89.43 80.40  90.35  5.699 0.894
Ether extract 90.77 93.78 97.23 97.06  98.02 4525 0.001
NDF 76.80 74.60 75.28 76.28 7692  8.221 0.814
ADF 70.82 75.42 74.81 76,58  77.05 13542  0.033
Total carbohydrates 86.63 83.35 81.61 8351 8091 5716 0.004
NFC 92.26 89.97 89.05 90.47  86.45  14.964  0.005

IBW = Initial body weight; FBW = final body weight; NDF = Neutral detergent fibre; ADF = Acid detergent fibre;
NFC = Non-fibrous carbohydrate. Linear effect: Ether extract = 90.246 +1.676x (R?= 0.63); ADF = 72.38600+
0.04762x (R?= 0.66); Total carbohydrates = 85.74440-0.05642x (R?=0.72); NFC = 92.44640-0.06776 (R?= 0.66)

The results of the digestibility coefficient of total carbohydrates and the NCF may be due to the
intake of diets with high EE, which can reduce fibre digestion and the rate of passage of the digest
through the gastrointestinal tract. The effect that long-chain fatty acids have on fibre digestion is through
coating the food particles, which would make colonization by rumen bacteria difficult (Palmquist &
Jenkins, 1980; Maczulak et al., 1981; NRC, 2001).

Glucose levels presented a n interaction (P <0.05) within treatments and collection
periods. A quadratic effect (P <0.05) was observed as a function of the levels of crambe cake protein,
peaking at 351,8 g/kg DM (Figure 1).

84
82
80
O~
3
o0&
;421 81.61777+0.15269x-0.00217x2

0 250 500 750 1000
Levels of Crambe cake (g/kg DM)

Figure 1. Glucose values (mg/dL) in lambs fed different levels of crambe cake protein (0, 250, 500,
750 and 1000 g/kg DM) to replace soybean meal protein in the diet.
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There was positive linear effect (P <0.05) of glucose values over time (0, 3, 6, and 9 h),
indicating that after the first feeding, glucose increased and remained high for up to 9 h postprandial, due
to its metabolism (Figure 2).

92
90
88
86
84
82
80
78
76

Glucose, mg/dL

76.77903+1.18258x

0 3 6 9
Time (hours)

Figure 2. Glucose values (mg/dL) in fasting and postprandial lambs (0, 3, 6, and 9 h).

Glucose values in fasting ruminants may vary from 55 to 65 mg/dL (Church, 1993). Although
fasting values in this trial were greater, blood composition can range as a function of breed, age,
production system, herd management, weather condition, fasting duration, and physiological state of
the animal, inter alia (Polizopoulou, 2010). However, postprandial values (3, 6, and 9 h) were considered
normal (50-80 mg/dL) (Kaneco et al., 2008). In ruminants, blood glucose is controlled by insulin and
glucagon, and levels are kept within a normal range through cortisol (Reece, 2006). Moreover,
ruminants differ from monogastrics biochemically, as they are able to use several metabolic pathways
for liver gluconeogenesis in order to maintain blood glucose during the postprandial and fasting
periods (Kozloski, 2009; Balaro et al., 2012).

Despite homeostatic glucose imbalance, its levels can be altered by glucose precursors, where
low consumption of metabolic energy can induce apropionate decrease in the rumen, which is a key factor
for glycaemic reduction (Reynolds et al., 2003). However, changing levels and sources of proteins
hardly ever affect the plasma glucose concentration (Santos et al., 1998). Increasing levels of crambe
cake (0, 22, 44, and 66%) fed to an ovine herd presented blood glucose values ranging from 74.30 to
86.71 mg/dL on the 34t experimental day (Canova et al., 2015). Bras et al. (2014) recorded 66.25 mg/dL
after fasting at the last day of their study (18" day).

There was no interaction (P >0.05) within treatments and collection periods (0, 3, 6, and 9 h) in
odour, colour, consistency, reductive activity, and ammoniacal nitrogen (NH3z). Ruminal fluid
presented an aromatic odour and light yellowish green colour, which was considered normal for
feed supplied to the animals. The mean value for ammoniacal nitrogen was 20.66 mg/dL. The optimal
ammonia level is ~10 mg/dL (Van Soest, 1994), but it may vary once bacteria are able to both produce
and capture ammonia. Therefore, maximum values close to 24 mg/dL are suggested to promote
greater substrate breakdown (Mehrez & Orskov, 1977). When evaluating the nutritive value of oilseed
crushing byproducts in lamb diets, Bras et al. (2014) found 29.10 mg/dL of ammonia in crambe cake,
greater than that stated in literature, but lower than the toxic concentration (100 mg/dL). However,
Medeiros et al. (2015a) observed in vitro ammoniacal nitrogen from a myriad of biofuel byproducts
replacing maize silage and reported increasing ammonia as replacement levels were higher.

The pH showed a quadratic effect as a function of collection period, reaching a peak at 5.43 h
(Figure 3). Rumen pH may vary from 5-8, according to diet and time after feeding (Kozloski, 2009).
Before the first meal, pH values might be high due to limited availability of nutrients to ruminal
microorganisms and rumination, which stimulates saliva production and promotes a buffering effect on
ruminal fluid. After the first meal, the pH is reduced because fermentation reaches its peak 3 to 4
h after feeding (Marino et al., 2011). High-concentrate diets can lead to a rapid pH reduction (Church,
1993). Similar to Van Soest (1994), figures lower than 6.2 suppress intake rate and increase
th e time to bacterial colonization to the plant cell wall.
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Figure 3. Ruminal pH in lambs fed diets with different levels of crambe cake protein to replace
soybean meal protein in the diets, in four collection periods (0, 3, 6, 9 h after feeding)

The protozoal population showed a negative linear effect for genera Entodinium, Eudiplodium,
and total content as a function of treatment, but there was no effect on genera lIsotricha and
Ostracodinium within treatments (Table 4). For collection periods, there was negative linear effect of
genera Isotricha, Eudiplodium, Ostracodinium, and total count (Table 4). Prevalence is reported in
Table 5. Species with greater population were Isotricha intestinalis Stein (55.76%), Entodinium
caudatum (13.51%), Eudiplodium bovis (66.88%), Ostracodinium obtusum (77.64%), and Epidinium
caudatum (66.31%).

Table 4. Ciliate protozoal concentration (number per mL) in ruminal fluid of lambs fed diets with
different levels of crambe cake protein to replace soybean meal protein in the diet and at different
collection periods after feeding

Crambe cake protein level, g/kg DM SEM
Genera 0 250 500 750 1000 P-value
Isotricha 5.52 431 2.09 3.33 2.25 14.71 0.23
Entodinium 4466  39.80 28.25 30.88 26.76 10.87 0.01
Eudiplodinium 4.73 3.06 2.33 2.56 1.29 3.30 0.01
Ostracodinium 4.23 1.01 1.05 1.27 1.27 6.51 0.25
Total 64.67  49.13 33.72 38.05 31.57 29.08 0.02

Collection periods (hours)

0 3 6 9
Isotricha 7.00 6.16 0.86 0.00 3.85 0.01
Entodinium 41.22 35.17 30.62 29.26 13.52 0.10
Eudiplodinium 6.22 3.97 0.99 0.00 2.49 0.01
Ostracodinium 3.48 3.59 0.00 0.00 6.51 0.01
Total 61.25 50.74 32.47 29.26 23.07 0.01

Crambe cake protein content: Entodinium = 43.0105-0.17886x (R? = 0.54); Eudiplodinium = 8.159-0.06082x (R?
= 0.73); Total = 55.1860-0.2611x. Collection periods: Isotricha = 7.4448-0.8757x (R? = 0.68); Eudiplodinium = 5.6295-
0.0322x (R?= 586 0.83); Ostracodinium= 3.8704-0.4675x (R?= 0.56); Total = 57.4942-3.4136x (R?= 0.74)

There were five genera and 25 species of protozoa (Table 5); animals that were not fed crambe
cake protein presented the greatest number of species, however, the protozoal population decreased
as levels of crambe cake protein increased in the diets. From genera Entodinium, species E.
biconcavum, E. bursa, E. caudatum, E. dubardi, E. exiguum, and E. nanello were observed at all levels
of crambe cake supplementation, proving that protozoa have amylolytic activity and a low sensitivity
to ruminal pH change and to high concentrate diets (Williams & Coleman, 1992; Dehority, 2003).
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Table 5. Ciliate protozoal species (number per mL) in lambs fed diets with different levels of crambe
cake protein to replace soybean meal protein

Crambe cake protein level, g/kg DM

Specie Prevalence 0 250 500 750 1000
(%)
Isotricha intestinalis Stein 55.76 3.31 2.16 2.10 1.12 1.11
Isotricha prostoma Stein 44.24 221 2.16 0.00 221 1.15
Entodinium biconcavum 7.35 5.75 431 1.49 0.00 0.00
Entodinium bursa 12.46 2.82 4.46 6.06 5.87 6.11
Entodinium caudatum 13.51 4.08 5.93 4.40 4.41 451
Entodinium dubardi 11.07 5.99 4.43 5.96 5.94 0.00
Entodinium exiguum 12.12 6.0 4.50 451 154 5.92
Entodinium longinucleatum 3.67 1.36 3.0 0.00 0.00 0.00
Entodinium nanellum 6.95 1.49 2.94 291 5.82 5.88
Entodinium ovinum 11.71 2.78 2.94 2.90 2.94 0.00
Entodinium rectangulatum forma caudatum 9.11 4.07 2.90 0.00 0.00 0.00
Entodinium rectangulatum forma dubardi 3.52 2.63 1.51 0.00 0.00 0.00
Entodinium rostratum 1.01 1.10 0.00 0.00 0.00 0.00
Entodinium simplex 1.30 1.41 0.00 0.00 0.00 0.00
Entodinium simulans forma caudatum 1.33 0.00 1.44 0.00 0.00 0.00
Entodinium simulans forma loboso-spinosum 1.34 0.00 1.45 0.00 0.00 0.00
Entodinium vorax 1.19 2.66 0.00 0.00 0.00 0.00
Entodinium flabellum monospinatum 1.23 1.33 0.00 0.00 0.00 0.00
Entodinium monocanthum 1.12 2.66 0.00 0.00 0.00 0.00
Eudiplodium maggi 33.12 1.33 0.00 0.00 0.00 0.00
Eudiplodium bovis 66.88 1.21 0.00 0.00 0.00 0.00
Ostracodinium clipeolum 22.36 2.55 2.05 0.00 0.00 0.00
Ostracodinium obtusum 77.64 2.18 1.01 2.33 2.56 1.29
Epidinium caudatum 66.31 2.20 1.01 1.05 1.27 1.27
Epidinium eucaudatum 33.69 2.29 0.95 0.00 0.00 0.00

Several factors cause changes in the ciliate population, such as digesta retention time, pH,
and metabolic characteristics of the host (Michalowski, 1977). As stated by Van Soest (1994), rumination
declines with higher concentrate levels, promoting lower saliva excretion, and consequently affecting
pH control and buffering activity. Franzolin and Dehority (2010) reported that long periods at low
ruminal pH are harmful to ciliate protozoa survival. The protozoal population is driven by several factors,
like diet (Booyse et al., 2014) and ruminal pH. Animals receiving diets with more concentrate usually
present ruminal pHs ranging from 5.5 to 6.2, and those receiving diets rich in roughage have values
between 6.3 and 7.0. A pH reduction may have a negative effect on some protozoal species, such
as Eudiplodium maggi et bovis and Epidinium eucaudatum when animals are fed levels above 250
and 500 g/kg DM, respectively (Williams and Coleman, 1992; Dehority, 2003).

The genus, Isotricha, can promote soluble carbohydrate fermentation and storage of
amylopectins, while producing acetic, butyric, lactic and, in smaller amounts, propionic acids (Patel
& Ambalam, 2018). T he e nzymatic profile of such genera contains amylase, invertase, pectin
esterase, and polygalacturonase in great quantities for starch, pectin, and soluble sugar breakdown as
a source of energy, and that seems to be the reason of the unchanged concentration among treatments
(Table 4 and 5). There are also enzymes able to break cellulose and hemicellulose, but in smaller
amounts (Kamra, 2005).

Isotricha populations depend on diet, intake frequency, and collection period (Dehority and
Tirabasso, 1989). In agreement with Williams and Coleman (1992), Isotricha tends to increase as intake
frequency is greater, but Entodinium protozoa diminish in the same situation.

In line with Salvio & D"Agosto (1999) and D"Agosto et al. (2001), Isotrichia migrate to the
reticulum after fasting, and that is the reason for protozoal absence 9-h post-feeding. Such
migration probably occurs as a static chemical response to soluble nutrients associated with strong
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reticulum contractions during feeding (Dehority & Tirabasso, 1989). Another possible explanation for
this specific protozoon disappearance is the high amount of absorbed starch, so they become heavier
and tend to reach the bottom (ventral) of the rumen (Franzolin and Franzolin, 2000).

Entodinium prevailed in every treatment due to their wide occurrence in ruminants, and some
species are considered rumen colonizers (Ogimoto & Imai, 1981; Kamra, 2005). The Entodinium
protozoal population decreases as dietary concentrate increases, similar to cellulolytic protozoa
(Franzolin and Dehority, 1996). There was a decrease in Entodinium in this trial as a result of high levels
of EE in crambe cake protein to replace soybean meal at 500, 750, and 1000 g/kg DM. Jenkins (1993)
stated that EE may have an antimicrobial effect in the rumen by affecting cell membrane biological
functions, such that other mechanisms can occur, such as oxidative phosphorylation and Acetyl-CoA
transferase inhibition (Faciola et al., 2013).

From Entodinium, species E. biconcavum, E. bursa, E. caudatum, E. dubardi, E. exiguum, and E.
nanello were found in all replacement ranges, supporting that protozoa perform amylolitic
breakdown, with low sensitivity to changes in ruminal pH and high concentrate diets (Williams &
Coleman, 1992; Dehority, 2003).

In a trial to evaluate the prevalence and abundance of ciliate protozoa in Brazilian lambs
fed different levels of concentrate (20, 40, 60, and 80%), Cedrola et al. (2016) did not find
Isotricha intestinalis in treatments with 20, 40, and 80% and there was a reduction of Entodinium when
more concentrate was supplied to animals. These results support the findings of the current study.

The presence of protozoa is crucial for fermentation and to control substrate availability,
promoting a constant fermentative process during feeding intervals (Teixeira, 1991; Patel &
Ambalam, 2018); the lack of protozoa may lead to intake restriction and inefficiency in feed
conversion (Hristov et al., 2013). The reduction of protozoa in treatments with greater ranges of
replacement is a consequence of the high EE content in such diets, curbing protozoal capacity of
lipidic transformation and absorption, which leads to the rupture of their cells and decreased
methanogenesis (Hook et al., 2010). Similar results were observed by Abubakr et al. (2013) when
evaluating the digestibility of ruminal protozoa in goats fed palm oil extraction byproducts.

Conclusion

The increasing levels of crambe cake protein in the feeding of lambs as a replacement for
soybean meal protein resulted in greater intake and digestibility of EE and ADF, lower intake and
digestibility of total carbohydrates, and lambs with a lower final live weight. The crambe cake protein did
not impact ruminal and blood parameters in lambs. However, the protozoal population decreased with
greater amounts of crambe cake protein and during long periods without feeding. Therefore, it is
recommended that soybean meal protein only be replaced with crambe cake protein up to 250 g/kg
DM.
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