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in Brachiaria pastures
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Abstract
Protodioscin poisoning of Brachiaria spp. has been a serious problem for lambs in grazing systems. The defoliation process can
stimulate the appearance of new leaves and, the younger leaves have a lower concentration of protodioscin. Thus, it was aimed to
assess the effect of different leaf offerings on the protodioscin content in forage and if protodioscin can interfere with the dry
matter intake (DMI) and on metabolic and productive parameters of lambs. Twelve tester lambs (average weight 17.5 ± 3.48 kg)
were divided into four groups of different levels of dry leafy matter (60, 75, 90, or 105 g/kg body weight). In addition to these, 33
regulator lambs were used as needed to adjust the leaf offerings of pasture. The animals were divided and kept in 12 paddocks,
each with a tester lamb. The DMI was estimated using chromic oxide as an external marker. In vitro digestibility and degradation
kinetics and ruminal, blood, and urinary parameters were measured in the forage sampled by the hand plucking method. The
protodioscin concentration in forage was determined by high-performance liquid chromatography. The DMI increased linearly as
a result of the supply of leaves. However, the protodioscin content and its consumption showed a quadratic behavior. There was
no effect of leaf supply on in vitro digestibility, in vitro degradation kinetics of forage, and on ruminal, blood, and urinary
parameters of lambs. However, a negative correlation was observed between the DMI and the concentration of protodioscin at the
highest level of leaf supply. This is due to the fact that in the most intense grazing, there is a stimulus for greater regrowth;
therefore, there was an increase in the concentration of protodioscin in forages in older forages. Protodioscin poisoning was
confirmed by urinary and blood parameters.
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Introduction

Brazilian sheep flock was estimated at 18.433.810 animals,
and about 503.821 are found in the Central-West region
(IBGE 2016). The Brachiaria grass is a well-adapted forage

in the Central-West region in Brazil (Castro et al. 2011; Costa
et al. 2013), being an important feeding option in livestock.
However, sheep poisoning by Brachiaria spp. is consistently
reported as an important cause of economic loss in Brazil
(Riet-Correa and Medeiros 2001).

A substantial number of sheep poisoning cases have been
reported in Brazil due to Brachiaria grass intake, being
protodioscin one of the main bioactive compounds presented
in forages and considered to be responsible for this toxicity
condition (Riet-Correa et al. 2011). Protodioscin degradation
is carried out by the rumen microbiota and transported to the
liver (Wina et al. 2005). Furthermore, because grasses of the
genus Brachiaria display a slow rate of passage through the
gastrointestinal tract and low fiber digestibility (Detmann et al.
2001), which can do protodioscin permanence in the rumen
environment longer.
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Some studies have demonstrated some factors that can in-
fluence the toxicity of protodioscin (Castro et al. 2011;
Mustafa et al. 2012; Faccin et al. 2014). In fact, further inves-
tigation is needed, including systematic quantification of the
toxic bioactive compound of Brachiaria grass under different
stages of vegetative growth, pasture management, along with
different climatic and regional soil conditions to help elucidate
this issue (Mustafa et al. 2012). However, most studies pro-
vide only case reports of intoxicated animals and there is a
lack of information about how the mechanisms of
protodioscin poisoning occur in the rumen. Thus, it was aimed
to assess the effect of different leaf offerings on the
protodioscin content in forage and if protodioscin can interfere
with the dry matter intake (DMI) and on metabolic and pro-
ductive parameters of lambs raised in a mixed of Brachiaria
grass pasture (B. decumbens and B. brizantha).

Materials and methods

The experiment was conducted in the Sheep Section at
School-Farm of Federal University of Mato Grosso do Sul
(UFMS), located in Terenos county, Mato Grosso do Sul
state, Brazil.

Animals, diets, and experimental design

Twelve tester lambs (mixed breed, average weight 17.5 ± 3.48
kg) were divided into four groups of different levels of dry
leafy matter (GLDM) (60, 75, 90, or 105 g/kg of body
weight). In addition to the 12 test animals, 33 regulating lambs
were used as needed to adjust the leaf supply. The animals
were divided and kept in 12 paddocks, each with a tester lamb.
For this adjustment, the lambs were weighed at the beginning
of the experimental period and every 28 days to obtain weight.
Only one test animal was used per paddock and there were
tripled for each GLDM level.

The paddocks were composed of a mixed of Brachiaria
grass (B. decumbens and B. brizantha) that was adjusted for
each 28 days using the method of the total cut sample, close to
the soil (McMeniman 1997). Six samples were evaluated per
paddock, using a 0.5 × 0.5 m (0.25m2) metal square area, at
random points representative of each paddock. After weighing
and identification, the morphological separation was per-
formed to obtain the percentage of leaf, stem + sheath, and
senescent material (progressive yellowish leaves and stems,
dark and visible dehydration, characterizing the senescence
phase of the plant). To adjust the stocking rate, the amount
of forage available in each paddock (which had different sizes)
and the percentage of green leaves was calculated. From this
calculation, it was obtained how many kilos it was possible to
put per paddocks, according to each treatment, 60, 75, 90, and
105 g/kg of body weight (BW).

The animals received concentrated feed (calculated for an
average consumption of 16 g/kg of BW) based on corn, soy-
bean meal, and minerals, containing 220 g/kg of crude protein
(CP) and 3.1 Mcal ME/kg of dry matter (DM). The experi-
ment was structured in a completely randomized design, con-
taining four levels of levels of dry matter of green leaves (60,
75, 90, and 105 g/kg BW in GLDM).

Data collection and analysis

The experiment consisted of 84 days subdivided into four 21-
day periods, allowing the animals to get used to the external
marker and obtain a homogeneous plateau of ingestion and
excretion; five (5) days for fecal collection and manual graz-
ing simulation (hand plucking method); and 1 day for ruminal
fluid collection. Subsequently, the animals were subjected to
an 8-day interval to eliminate the external marker from the
digestive tract. Fecal samples were collected directly from
the rectum once a day for 5 consecutive days, in portions of
5–10 g/animal. Always at the same time at 8 am. All samples
were identified and stored in the freezer at −10°C. To deter-
mine forage consumption, the chromic oxide marker (4 g/an-
imal/day) was used, offered orally, through pellets, made with
kraft paper, for 12 days (7 days for adaptation and obtaining
the plateau and 5 days for collection).

The hand plucking method used to evaluate the forage;
based in the natural habit of grazing the animal, the type of
material consumed was identified and a sample similar to the
ingested food was collected. The sampler walked beside the
animal in the paddock and observing what he selected, a sim-
ilar sampling was done. That due to the natural habit of graz-
ing sheep, basically the sample was made up of leaves.

Analysis procedures were conducted at Laboratory of
Applied Nutrition of College of Veterinary Medicine and
Animal Science at the Federal University of Mato Grosso do
Sul, and at Laboratory of Applied Biotechnology of Animal
Nutrition at the Catholic University Dom Bosco, both located
in Campo Grande, MS, Brazil.

Fecal samples and manual grazing simulation material
(hand plucking) were collected to obtain a sample made up
of animal/experimental period and, subsequently, chemical
analysis according to the National Institute of Science and
Technology of Animal Science - INCT-CA (Detmann et al.
2012). The samples were dried in a force-air oven at 55 °C and
milled in a Wiley mill with a 2- and 1-mm sieve to determine
dry matter (DM, INCT-CA L-003/1), mineral matter (MM;
INCT-CA M-001/1), and crude protein (CP; INCT-CA
N-001/1) contents according to methods described by
Detmann et al. (2012). Ether extract (EE) was determined
using an Ankom XT10 extractor (ANKOM Technology,
NY, USA) in XT4® bags; neutral detergent fiber (NDF;
INCT-CA F-001/1) and acid detergent fiber (ADF; INCT-
CA F-003/1) were performed according to methods described

336    Page 2 of 9 Trop Anim Health Prod (2021) 53: 336



by Detmann et al. (2012). The total carbohydrates (TC) were
estimated by equation TC = 100 − (CP + MM + EE), and the
non-fibrous carbohydrates (NFC) were calculated using the
equation proposed by Hall (2000): NFC = 100 − (CP + MM
+ EE + NDF) (Table 1).

Lignin content was followed by Klason methodology
(INCT-CA F-007-1) after NDF and ADF analysis, using
MA443 (Marconi®, Piracicaba, SP, Brazil) incubator jars
for degradability tests (28 non-woven textile bags per jar +
two blanks), shaken for 3 h with a 500 mL lignin solution
(72% sulfuric acid) and washed in running water until neutral
pH stabilization.

Chromic oxide (Cr2O3) content was determined using 0.2-
g fecal samples and 5 mL of digestive solution and was
packed into borosilicate microtubes, were placed in digesters
block at 200 °C until orange color formation and final volume
between 1 and 2 mL. A standard curve was prepared contain-
ing 0, 2, 4, 6, 8, and 10 mg of Cr2O3, and was read on spec-
t r o p ho t ome t e r ( Th e rmo Sc i e n t i f i c Aqu aMa t e
Spectrophotometer AQ8000-AquaMate) under 357.9-nm
wavelength (Detmann et al. 2012).

Protodioscin concentration of forage samples was deter-
mined by extraction with acetonitrile and high-performance
liquid chromatography (HPLC) analysis using an evaporative
light scattering detector (ELSD) (Ganzera et al. 2001).

Fecal dry matter (FDM), dry matter digestibility (DMD),
and dry matter intake (DMI) were estimated following the
equations according to Lippke (2002):

FDM = ingested marker (g) / concentration of marker in
feces

DMD = (DM ingested − DM excreted) / DM ingested

DMI = FDM / (1 – digestibility)

Ruminal, blood, and urinary parameters

Rumen fluid samples were collected using gastric tube and
vacuum pump after fasting food period of 24 h. This fasting
period was used since the gastric tube could not achieve the
liquid fraction of rumen. Rumen samples were fractionated
into 15-mL tubes. To one of the tubes, a 1:1 sulfuric acid
solution (H2SO4) was added for ammonia nitrogen (N-NH3)
analysis.

The determination of NH3-N contents was performed ac-
cording to the INCT-CA N-007/1 method, described by
Detmann et al. (2012). The concentration of ammonia in the
rumen fluid was estimated by the micro-Kjeldahl system,
without acid digestion and using potassium hydroxide (2N)
as base for distillation, after previous centrifugation of the
sample at 1000×g, for 15 min.

The ruminal fluid temperature and pHweremeasured at the
time of liquid sampling, using a digital potentiometer Sentron
pH system meter model 1001 (Sentron Europe BV, Roden,
Netherlands).

The spot urine collections were made in spontaneous uri-
nation of the animals. The samples were filtered through
gauze, and a 10-mL aliquot was separated and diluted in 40
mL of sulfuric acid (0.036 N) to prevent bacterial destruction
of purine derivatives and precipitation with uric acid
Valadares et al. (1999).

Blood samples were obtained by puncture of the jugular
vein in a BDVacutainer® SST® II 1449 Advance® tube with
clot activator and separating gel to obtain serum for biochem-
ical analyzes. Analyses of alanine aminotransferase (kit ref.
10745138), aspartate aminotransferase (kit ref. 10745120),
albumin (kit ref. 04657357), creatinine (kit ref. 10886874),
total protein (kit ref. 04657586), urea (kit ref. 11200666),
and triglycerides (kit ref. 04657594) were carried out.

In vitro digestibility and degradation kinetics

The in vitro digestibility, of forage samples (hand plucking),
was performed according to Tilley and Terry (1963). A 0.5-g
sample of dry samples is put in TNT bags (100g/cm2), sealed,
and inoculated for 72 h in 1600 mL buffer solution
(McDougall 1948; Camacho et al. 2019) and 400 mL of ru-
men inoculum was purged with CO2 to maintain anaerobic
conditions. After 48 h of incubation, 8 g of the pepsin enzyme
and 40 mL of HCl were added and incubated for 24 h.

Cumulative in vitro gas production was determined using
the Ankom RF Gas Production System (ANKOM
Technology, NY, USA). Vial contained 0.5 g of sample,
100 mL of a buffer solution preheated at 39°C, and 25 mL
of rumen inoculum purged with CO2 to maintain anaerobic
conditions. The flasks fitted with the pressure sensors

Table 1 Chemical composition (g/kg) of fodder, according to the leaf
offerings (60, 75, 90, 105 g/kg BW)

Offer

60 75 90 105

DM 225.0 210.0 231.8 245.7

OM 978.1 979.7 978.0 976.7

MM 21.8 20.3 21.9 23.3

CP 123.8 134.8 118.8 111.4

EE 15.3 16.1 15.3 15.8

NDF 683.6 677.0 679.5 671.0

ADF 413.0 415.2 406.6 402.6

LIG 84.0 88.7 83.0 80.9

TC* 839.0 832.3 843.9 849.4

NFC** 156.6 156.2 166.4 171.4

DM, dry matter; OM, organic matter; MM, mineral matter; CP, crude
protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid deter-
gent fiber; LIG, lignin; TC, total carbohydrates; NFC, non-fibrous
carbohydrates

*TC = 100 − (CP +MM+ EE), **NFC = 100 − (CP +MM+ EE +NDF)
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remained at a constant temperature of 39°C and the pressure
(psi) of each flask was determined and recorded every 5 min
for 48 h and then processed for cumulative gas production in
mL of gas/100 mg of incubated DM. Gas production kinetics
parameters were obtained by the two-compartmental logistic
model proposed by Schofield et al. (1994), as follows:

Y = A/{1+exp[2+ 4*B*(Lag-t)]}+D /{1+exp[2+
4*E*(Lag-t)]},

in which Y = total gas volume at time t (extent of degrada-
tion); A = volume of gas (mL) of rapid degradation; D =
volume of gas (mL) of slow degradation; B = degradation rate
of the rapid fraction (/h); E = degradation rate of the slow
fraction (/h); and Lag = bacterial colonization time (h).

Ruminal inoculum to determine in vitro digestibility and
gas production was obtained from three castrated, mixed-
breed, rumen-cannulated rams (weight average: 50 kg) which
were kept in extensive grazing system of Brachiaria grass.

Statistical analysis

The data were analyzed by one-way ANOVA in a completely
random design using the general linear model procedure of
Statistical Analysis System Institute – SAS (2002).
Significance was declared at P <0.05. When a significant F
test was detected, it was analyzed by regression equations.
The linear quadratic models were tested and the model was
selected according to the significance of the regression coef-
ficients, adopting the 5% probability level and the determina-
tion coefficient. Pearson’s correlation was used to determine
the strength of the correlations between the variables analyzed
using the SAS CORR procedure (Statistical Analysis System
Institute – SAS 2002). The data analyzed using the following
model:

Yij = μ + Li + eij, where:
Yij = Dependent variable; μ = General mean; Li = Effect of

levels of dry matter of green leaves i (being i = 1,...,4); eij =
Random error, assumption NID (0, σ2e).

The Gauss-Newton procedure was used in cumulative pro-
duction gas to estimate the fermentation parameters. Data
were analyzed as completely randomized design using the
MIXED procedure of Statistical Analysis System Institute –
SAS 2002; SAS Institute).

Results

Dry matter intake and protodioscin concentration

The estimated DMI (Table 2) increased linearly and according
to the dry matter levels of the green leaves, with an increase in
intake of 8 g/day for each increase in the leaf supply. The
concentration and ingestion of protodioscin were adjusted to
a quadratic regression model, in which the maximum

concentration of protodioscin (g/kg) was 88.6 g/kg BW on
offer and the maximum ingestion of protodioscin was 96.3
g/kg BW green supply (P> 0.05). The correlation between
the DMI and the protodioscin concentration was negatively
affected by 105 g/kg. The concentration of protodioscin influ-
enced the CMS of lambs when evaluated in the four experi-
mental periods and leaf stocks (Fig. 1).

In vitro digestibility and degradation kinetics

In vitro nutrient digestibility (Table 3) was not affected by
different leaf supplies levels (60, 75, 90, or 105 g/kg)
(P>0.05). Similar results were observed in in vitro degradation
kinetics (Table 4) (P>0.05).

Ruminal, blood, and urinary parameters

Different leaf supplies levels did not affect (P > 0.05) ruminal
parameters (Table 5), biochemical parameters (Table 6), or
urinary compounds (Table 7). The results of the liver enzyme
aspartate aminotransferase (AST) showed a mean higher than
reference values. Those results can be a relationship to toxic-
ity, mainly on levels 90 and 105g/kg BW.

Discussion

Dry matter intake and protodioscin concentration

Dry matter consumption was estimated by chromium oxide
(Cr2O3) as an external marker and is considered a reliable
marker (Costa et al. 2019). It was observed that consumption
increased linearly as a function of leaf levels (Table 2). This
result can be explained by the lower competition for forage as
the supply of leaves increases, which allows greater selectivity
on the part of the animals.

Our results demonstrated that there was a correlation be-
tween the forage protodioscin concentration and DMI up to
the level of 90 g/kg BW of offering (Table 2). However, at the
highest level of leaf supply, the correlation of protodioscin
content and DMI was negative. Less intense grazing in the
lower levels stimulated an increase in forage protodioscin con-
centration, which in turn, had a negative influence on the DMI
in the subsequent period. This scenario could be explained by
the higher concentration of protodioscin in the forage and,
consequently, a possible intoxication by protodioscin in the
animals, leading to a lower stimulus for ingestion of forage.
This can be explained by the fact that grazing more lenient
allows greater aging of forage; and, apparently, the plant has
higher concentrations of protodioscin (Melo et al. 2019; Leal
et al. 2020).

These results corroborate with other studies, as observed in
Melo et al. (2019) and Leal et al. (2020) whose results
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demonstrated that at the time of lower rainfall concentration
there is a higher concentration of protodioscin in the plant,
indicating greater toxicity in sheep that consumed greater
amounts of toxic compounds. With less water availability,
the forage plant increases the life span of the leaves
(Montagner et al. 2012), with older leaves showing a higher
concentration of toxic compounds.

In vitro digestibility and degradation kinetics

There were no differences in in vitro digestibility of nutrients
in relation to levels of dry matter of green leaves (Table 3).
However, it is important to emphasize that DMivD average
value found in our study was considered lower (698.4 g/kg)
than other studies (Leal et al. 2020) that found Brachiaria
possesses estimated DMivD values between 772 and 752
g/kg. This lower digestibility may be correlated with higher
levels of NDF (677.8 g/kg), ADF (409.3 g/kg), and lignin
(84.15 g/kg) (Table 1), while NDF is more correlated with
reduced consumption, ADF and lignin are closely related to
dry matter digestibility (Van Soest 1994), since lignin impreg-
nates ADF and its low oxygen content and high in condensed

structures hamper degradation and delay aerobic catabolism
(Van Soest 1994), this fact may be related to the physiological
stage of the plant evidenced by the value of lignin. Thus, this
fact may be related to the physiological stage of the plant that
could be evidenced by the lignin content found in this study.

Forages of low quality may present decreased digestibility
of fibrous fraction. Forages that are slow to digest require a
longer period within the rumen to be hydrated, ruminated,
and, therefore, to be broken into particles that are appropriate-
ly colonized and subsequently degraded by fermentation
(Granzotto et al. 2011). Thus, a longer retention period of
forage in the rumen provides a longer time that microorgan-
isms degrade protodioscin, resulting in possible animal poi-
soning. This poisoning process may be explained due to
protodioscin degradation by ruminal microbiota and its deriv-
atives, such as sapogenins, which are transported along the
digestive tract and eliminated in feces; however, some sapo-
genins are absorbed into the duodenum and transported to the
liver, where these compounds are conjugated with bile and
excreted by feces (Wina et al. 2005). This process of conju-
gation of sapogenins and glucuronic acid leads to calcium ion
binding, which in turn, form insoluble salts that may

Table 2 Dry matter intake (DMI, kg/day) and protodioscin concentration (g/kg), as a function of leaf offerings (60, 75, 90, 105 g/kg BW)

Offer SEM PLinear PQuadratic

60 75 90 105

DMI (kg/day) 1.10 1.22 1.41 1.72 0.403 0.0013 0.1409

Protodioscin (g/kg) 2.20 2.37 2.98 2.72 0.374 0.1446 0.0001

Protodioscin intake (g/day) 2.40 3.51 4.93 4.34 0.339 0.0213 0.0001

Pearson’s correlation* 0.431 0.213 0.020 −0.112 - - -

DMI, dry matter intake estimated by Cr2O3

*Pearson’s correlation between dry matter intake and protodioscin concentration (P<0.05)

SEM, standard error of the mean

YDMI = 0.251021 + 0.00850099.offer (R2 = 0.8379)

YProtodioscin = −4.16023 + 0.147653.offer – 0.000833054.offer2 (0.8485)

YProtodioscin_intake = −11.8173 + 0.34090.offer – 0.00176929.offer2 (0.9051)

Fig. 1 Protodioscin concentration
(g/kg), dry matter intake (DMI
kg/day), and dry matter in vitro
digestibility (g/kg) as a function
of leaf offerings 60, 75, 90, and
105 g/kg BW
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precipitate into the bile ducts in the form of crystals (Cruz et al.
2001; Gracindo et al. 2014). Thus, these crystals may result in
inflammation and biliary system obstruction in addition to
periportal hepatocytes necrosis, resulting in icterus, photosen-
sitization, and hepatitis (Santos et al. 2008). According to Leal
et al. (2020), the protodioscin content of Brachiaria cultivars
can negatively affect their digestibility and some parameters
of degradation kinetics in the rumen.

In order to explain this process, we evaluated in vitro deg-
radation kinetics from forages (Table 4), whose bacterial col-
onization time (Lag time = 5.2 h) was considered low. This
data can be explained due to the lignification degree of the
vegetal cell wall, which forms a barrier to adhere and degrade
the food particles and, consequently, degrades the forage
(McAllister 1994; Paciullo 2002). Furthermore, we observed
decreased total gas production (14.22 mL) suggesting that the
presence of lignin influenced the adhesion process and, con-
sequently, reduced OM degradability. Sá et al. (2011) evalu-
ated Brachiaria brizantha at three harvest stages (28, 35, and
54 days) and observed colonization time of 12.9, 13.2, and
14.6 h, respectively, and total gas production values of 95.75,
116.8, and 68 mL, respectively. Liu et al. (2002) showed that

the gas production technique could be used as a measure of
ruminal degradation of food, suggesting that in vitro degrad-
ability kinetic used in our study is well accepted in the
literature.

On the other hand, Leal et al. (2016) evaluated the nutri-
tional value of Brachiaria grasses (B. decumbens,
B. humidicola, and B. ruziziensis) to quantify aspects of anti-
quality and to identify their correlation with quality grasses
and showed the protodioscin content influences negatively the
digestibility and the gas production results. Similarly, Leal
et al. (2020) studying the influence of protodioscin content
on digestibility and degradation kinetics in Brachiaria
brizantha cultivars observed that there is a negative correla-
tion between protodioscin content and degradability, which
reduces the quality and rumen fermentation capacity of the
grasses.

Ruminal, blood, and urinary parameters

The ruminal parameters were not influenced by forage sup-
plies. Rumen fluid pH averaged was 7.7 (Table 5), which is
considered above the standard range. Church (1979) sug-
gested that ruminants that consumed forage-based diets main-
tained rumen pH between 6.2 and 6.8. Van Soest (1994) men-
tioned that a pH range between 6.2 and 7.2 is usually accepted.
In fact, rumen pH alterations provide reduced digestion rates
and enhancement on the fiber colonization time (Grant and
Mertens 1992), leading to forage intake reduction and, conse-
quently, a decrease in the productive capacity of the animal.

Table 3 In vitro digestibility of nutrients as a function of leaf offerings (g/kg BW)

Offer SEM POfferLinear POfferQuadratic

60 75 90 105

DMivD (g/kg) 705.5 699.5 694.8 693.8 4.39 0.3049 0.7711

OMivD (g/kg) 722.9 727.2 723.6 721.2 5.34 0.8565 0.7048

NDFivD (g/kg) 661.3 663.6 638.6 646.6 6.86 0.2464 0.8292

ADFivD (g/kg) 625.0 615.3 603.4 609.6 7.91 0.3919 0.5995

DMivD, dry matter in vitro digestibility;OMivD, organic matter in vitro digestibility;NDFivD, neutral detergent fiber in vitro digestibility;ADFivD, acid
detergent fiber in vitro digestibility; SEM, standard error of the mean

Table 4 Kinetics of in vitro degradation of grazing simulation as a
function of leaf offerings (g/kg)

Offer SEM PLinear PQuadratic

60 75 90 105

A (mL) 3.1 3.1 3.1 3.0 0.07 0.8217 0.6257

B (/h) 0.14 0.18 0.14 0.14 0.009 0.8342 0.2439

D (mL) 11.1 10.3 11.7 11.1 0.18 0.4023 0.8478

E (/h) 0.041 0.027 0.034 0.028 0.0030 0.2223 0.6069

Lag (h) 5.0 5.5 5.1 5.2 0.13 0.7020 0.6368

Total (mL) 14.2 13.4 14.8 14.15 0.18 0.4572 0.9748

R2 0.99 0.99 0.99 0.99

A, volume of gas (mL/100 mg DM incubated) of rapid degradation; B,
rate of degradation of the fast fraction (h); D, volume of gas (mL/100 mg
DM incubated) of slow degradation; E, rate of degradation of the slow
fraction (h); Lag, time of colonization of the bacteria in hours (h); SEM,
standard error of the mean

Table 5 Rumen parameters of lambs according to leaf offerings (60, 75,
90, 150 g/kg)

Offer SEM PLinear PQuadratic

60 75 90 105

N-NH3 (mg/dL) 10.1 9.2 10.1 9.7 0.35 0.8460 0.8220

Temperature (°C) 32.4 33.6 32.7 32.1 0.33 0.7226 0.1839

pH 7.7 7.7 7.7 7.8 0.03 0.2218 0.1217

N-NH3, ammonia nitrogen; TEMP, temperature °C; pH, hydrogen poten-
tial; SEM, standard error of the mean
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Nonetheless, it must be considered that our animals were 24-h
food fasting before rumen fluid collection, suggesting that
rumination and salivation may have promoted a buffering ef-
fect, besides the sampling procedure can stimulate the
salivation.

The N-NH3 concentration (9.8 mg/dL) found in our
study (Table 5) is above the limiting value for microbial
growth (5 mg/dL) according to Satter and Slyter (1974)
and near the optimum value of 10 mg/dL, (Van Soest
1994). One explanation of N-NH3 concentration found in
this study is due to the consequence of the balance between
production and the use by microorganisms, being the latter
is dependent on the amount of energy available (Ítavo et al.
2002). Unused ammonia by rumen bacteria is transported
to the blood through the rumen wall and reaches the liver
where urea is formed. Therefore, the urea circulates in the
blood and may be eliminated by urine or recycled.
However, González and Silva (2017) reported that a
prolonged fasting period may lead to increased endoge-
nous proteolysis using amino acids as an energy source,
leading to increased urea concentration since the urinary
flux is reduced and inhibits renal urea excretion. These
facts corroborate with higher levels of urea found in the
blood (40.3 mg/dL) (Table 6) and urine (200.8 mg/dL)
(Table 7) in our study, indicating a possibility of
Brachiaria spp. poisoning, since increased urea levels on
the plasma may be related to insufficient renal filtration

(González and Silva 2017). Therefore, the protodioscin
content average found in our study was 3.3 g/kg (Table 2).

An important result to be highlighted in our experiment
was the AST concentration which is an important parameter
evaluated for the detection of intoxications, since its high con-
centration in the blood circulation may be related to acute and
chronic liver damage (Kaneko et al. 2008). Our result of AST
concentration mean was 129.4 U/L (Table 6), indicating pos-
sible liver damage that may have resulted from poisoning by
ingesting Brachiaria grass according to Kaneko et al. (2008)
and Jain (1993) listed AST reference values of 0–90 U/L. It is
important to note that two experimental animals died during
the experimental period, showing all signs of intoxication by
Brachiaria spp. The most of the studies so far that evaluated
protodioscin are only case reports that demonstrated clinical
toxicity signs in the animals. Few studies discuss the action of
protodioscin within the rumen, although the protodioscin ac-
tion is associated with forage quality. Protodioscin poisoning
in animals happens when rumen microorganisms degrade the
compound and the longer retention time of this particle in the
rumen leads to the possibility that damage will be higher.

Conclusion

Our findings demonstrated that DMI by lambs was influenced
by protodioscin content in the forage since grazing activity

Table 6 Blood biochemical constituents of lambs as a function of leaf offerings (60, 75, 90, 105 g/kg)

Offer REF SEM Plinear Pquadratic

60 75 90 105

ALT (U/L) 12.8 13.3 20.5 17.7 22–28 1.70 0.1104 0.5219

AST (U/L) 113.1 116.7 140.1 147.8 0–90 10.29 0.0873 0.1041

ALB (g/L) 32.00 35.5 35.9 34.8 24–30 1.38 0.3994 0.4110

CRE (mg/dL) 0.8 0.8 0.9 0.8 1.2–1.9 0.05 0.9898 0.7717

TP (g/L) 71.6 69.3 69.5 68.8 67.4–71 2.59 0.7095 0.8915

TRIGL (mg/dL) 33.3 26.5 30.3 32.0 - 1.43 0.8356 0.1560

UREA (mg/dL) 46.8 36.6 39.7 38.4 24–50 2.93 0.3436 0.4734

SEM, standard error of the mean; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; CRE, creatinine; TP, total serum
proteins; TRIGL, triglycerides; REF, reference value (Kaneko et al. 2008)

Table 7 Urinary composting of lambs according to leaf offerings (60, 75, 90, 105 g/kg)

Offer SEM PLinear PQuadratic

60 75 90 105

Creatinine (mg/dL) 6.0 8.9 4.9 8.9 0.75 0.5673 0.6568

Urea (mg/dL) 186.2 255.9 124.9 236.2 20.19 0.9565 0.5159

Uric acid (mg/dL) 1.1 0.9 0.9 1.4 0.10 0.6329 0.0628

SEM, standard error of the mean
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stimulates regrowth on different leaf offers, which in turn,
stimulates higher protodioscin concentration in the forage.
In vitro digestibility and in vitro degradation kinetics demon-
strated decreased forage degradation and because of this a
longer particle retention period within the rumen. Blood pa-
rameters confirmed natural Brachiaria spp. poisoning in the
animals.

Implications This study demonstrated adverse effects of protodioscin
content on different leaf offerings. Due to the fact that more intense
grazing can stimulate the sprout and the appearance of new leaves, the
dry matter intake of lambs can be influenced by the content of
protodioscin in the forages. In vitro digestibility and degradation kinetics
revealed less forage degradation, suggesting that protodioscin could be
retained for longer in the rumen and, consequently, could lead to natural
intoxication by Brachiaria spp. in lambs.
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