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ABSTRACT - The aim of this study was to evaluate the effect of the manner in which diet is supplied and spineless
cactus forage is processed on intake, nutrient digestibility, milk production and composition, concentration of plasma urea
nitrogen (PUN) in the milk urea nitrogen (MUN) and production of microbial protein in Holstein cows in lactation. Eight
cows (453 + 75.8 kg) yielding 14 kg milk/day were allotted to a factorial design, with two manners of cactus processing (knife-
chopped or forage machine) and two diet supplies (separate concentrate or total mixed ration). Intakes of dry matter, organic
matter, neutral detergent fiber and total digestible nutrients were lower when cactus was knife-chopped. Digestibility, milk
production and fat and protein yield did not change according to the manner diet was supplied neither by forage cactus
processing. Average milk production was 14.8 kg/day for knife-chopped cactus and 14.6 kg/day for cactus chopped in
forage machine and 14.8 kg/day when cactus was given in separate concentrate and 14.5 kg/day when it was given in total
mixed ration. However, fat content was lower (36 g/kg) for knife-chopped cactus fed cows. Purine derivatives and
concentrations of N-ureic were not influenced by the manner in which diet was supplied neither by the forage cactus
processing. Means observed for efficiency of microbial protein synthesis (98.9 g/kg TDN), PUN concentrations (21.3 mg/dL)
and MUN (18.2 mg/dL) were similar for cactus processing and for the manner in which diet was supplied. Forage-machine
cactus processing improves dry matter intake and total mixed ration supply avoids selectivity.
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Avaliacdo da forma de fornecimento da dieta e do processamento da palma-
forrageira paravacas em lactagao

RESUMO - Objetivou-se avaliar o efeito da forma de fornecimento da dieta e do processamento da palma forrageira sobre
0 consumo, a digestibilidade dos nutrientes, a producdo e a composicdo do leite, a concentracdo de N-ureico no plasma (NUP)
e no leite (NUL) e a produgdo de proteina microbiana em vacas holandesas em lactagdo. Foram utilizadas oito vacas com
453 + 75,8 kg e produgdo de 14 kg de leite/dia distribuidas em arranjo fatorial, com duas formas de processamento do cacto
(picado a faca ou em maquina forrageira) e duas formas de fornecimento da dieta (concentrado separado e mistura completa).
Os consumos de matéria seca, matéria organica, fibra em detergente neutro e nutrientes digestiveis totais foram menores quando
o cacto foi processado a faca. A digestibilidade, a produgédo de leite e as produgdes de proteina e gordura ndo foram alteradas
pela forma de fornecimento da dieta nem pelo processamento da palma-forrageira. A produgdo média de leite foi de 14,8 kg/dia
para a palma picada a faca e de 14,6 kg/dia para a palma picada em maquina forrageira e de 14,8 kg/dia quando fornecida em
concentrado separado e de 14,5 kg/dia quando em mistura completa. Todavia, o teor de gordura foi menor (36 g/kg) para nas
vacas alimentadas com a palma picada a faca. Os derivados de purina e as concentragfes de N-ureico ndo foram influenciados
pela forma de fornecimento da dieta nem pelo processamento da palma-forrageira. As médias observadas para eficiéncia da
sintese de proteina microbiana (98,9 g/kg NDT), concentragdes de NUP (21,3 mg/dL) e NUL (18,2 mg/dL) foram semelhantes
para o processamento do cacto e a forma de fornecimento da dieta. O processamento da palma em maquina forrageira melhora
0 consumo de matéria seca e o fornecimento em forma mistura completa evita a seletividade.

Palavras-chave: derivados de purina, mistura completa, Opuntia ficus indica Mill, produgdo e composicdo do leite,
semiérido
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Introduction

The semi-arid region in northeastern Brazil is
characterized by scarce, irregular, poorly distributed rainfall
and hightemperatures. The low nutritive value of the forage
from this region is the main obstacle to increasing animal
productivity in the region, which concentrates a population
of dairy cattle (DubeuxJr. etal., 2006).

Producers have used feed components adapted to the
region as a forage alternative. Therefore spineless cactus
(Opuntia ficus indica Mill) has been widely used for dairy
cattle in Brazilian northeastern semi-arid, traditionally knife
chopped provided to increase consumption and to avoid
waste. However, handling requires much labor, mainly to
larger quantities of the palm, and also because it is a
common habit of the producers to provide separately the
diet ingredients .

Spineless cactus isknown for itsremarkable physiological
adaptation to water shortage and for its tolerance to dry
weather conditions. Its most outstanding feature is the
enormous potential for the production of large quantity of
green and juicy forage, even under relatively unfavorable
conditions (Nobel, 2001). Besides, spineless cactus also
has considerable palatability, high content of mucilage and
moisture, which can be a source of drinking water for
animals (Ben Salemetal., 2002).

The use of total mixed ration (TMR) has been used as
a way to regulate diet composition for high production
animals (Van Soest, 1994), as well as to contribute to diet
supply that, theoretically, must provide all the nutrients
balanced, making it possible to feed a large number of
animals with ahomogeneous diet. Contrarily, in some feed
systems, the concentrated food is individually offered in
one or more portions per day. In this case, possible abrupt
changesinthe ruminantenvironment lead to the occurrence
of digestive disorders (Nocek, 1997). Inthat sense, according
to the NRC (2001), when the ingredients are consumed in
TMR, ruminant fermentation is more uniformand thereisa
better use of nutrients than when the feed is supplied with
separate ingredients.

It is expected that the assessment of feeding strategy
and spineless cactus processing may influence the
selectivity of the diet and the productive performance of
lactating cows.

The aim of the present study was to assess the effect
of feeding strategy and processing of spineless cactus on
the intake and digestibility of different nutrients, milk
production and composition, microbial protein production
and N-urea excretion in lactating Holstein cows.

Material and Methods

The experiment was conducted at the Estacdo
Experimental - Sdo Bento do Una, which belongs to Instituto
Agronémico de Pernambuco — IPA, Pernambuco, Brazil,
from January to March 2007. The average precipitation of
theregionis 601.6 mm per year, and itis concentrated from
March to July, which approximately corresponds to 60% of
the total annual volume. The highest temperatures (> 30°C)
are observed from November to January. Monthly average
temperature varies from 21.0°to 24.6°C, with annual average
temperature of 23.0°C. Air relative humidity is 66% on
average (FIDEPE, 1982).

Eightlactating Holstein cows with average body weight
of 453+ 75.8 kg, and milk production of 14 kg/day were used.
Out of these eight cows, four were primiparous at + 3 years
of age and four were multiparous at the fourth lactation at
+7 yearsof age. Cows started the experiment with 24 weeks
of lactation, they were housed in individual pens made of
barbed wire and beat dirt floor, with a covered area of 6 m2,
equipped with trough for feed supply and water trough for
ad libitum supply of water. For the hottest hours of the day
(from 10:00a.m. to 4:00 p.m.), the animals were placedina
masonry shed (where milking was done) covered with
ceramictile roof.

Feed was ad libitum supplied twice aday, at 7:00 a.m.
(50%) and at4:00 p.m. (50%), with all the ingredients provided
inthe same time. The experimental diet (Table 1) was made
up of spineless cactus (Opuntia ficus indica Mill cv.
Gigante) (47.3%), sugarcane bagasse (32.4%), soybean
meal (18.8%) and mineral mixture (1.5%) based on dry
matter. The cactus cladodes were daily collected, from the
second two-year cladode. Later, they were stored in shaded
area, immediately before the feeding, for their improvement.
Sugarcane bagasse was added to the diet despite its low
palatability because itis widely used in daily cattle farming
in Pernambuco state during forage shortage periods. Food
intake was calculated by the difference from the supplied
ingredients and the leftover. It was used a 4 x 4 latin square
design with two simultaneous squares based on lactation
order of the cows (primiparous and multiparous). Four 15-day
periods were used — ten days for the adaptation of the
animals to the forms of diet and cactus processing and five
for data collection. Treatments were distributed in factorial
arrangement with two forms of cactus processing: knife
chopped in which cactus were cut in bigger dimension
pieces (12x 5 cm), or they were processed using Sertaneja
Master Model (Nogueira ®)forage machine, with about 2-cm
cuts to expose the mucilage; and two feeding strategies:
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separate concentrate in which the trough was divided into
two parts with concentrate put in one side, and the
remaining ingredients in the other, all at the same time and
total mixedration (TMR). The ingredients were mixed with
fork fodder in the trough at the moment when feed was
being given.

Two milkings were performed every day, at 5:00 a.m.
and at 3:00 p.m., and the individual production of each
animal was recorded throughout the experimental period.
Milk samples were collected on the 12t day of each
period, during morning and afternoon milkings, and
composed samples were made to determinate protein and
fat contents proportional to morning and afternoon
productions (40 mL).

For the determination of urea and purine derivative
(allantoin), milk was deproteinized using trichloroacetic
acid (10 mL of milk + 5 mL of the acid at 25%), filtered
through paper filter and then stored at -20°C. The analyses
of milk composition were performed by infrared absorption
using the equipment Bentley 2000 (Bentley Instruments®)
in Laboratorio de Qualidade do Leite e Nutricdo Animal do
Departamento de Zootecniada Universidade Federal Rural
de Pernambuco- Brazil. During collection period, urine
“spot” sample (single collection) was obtained on the 13t
day of each experimental period, approximately four hours
after feeding, during spontaneous urination. The sample
was homogenized, filtered (Valadaresetal., 1999),anda10-mL
sample was removed and diluted in 40 mL sulfuric acid
(0.036N). After that, pH was determined and adjusted to <3
and the sample was stored at —20°C for further purine
derivativesanalyses. Total excretion of the purine derivatives
in the urine (mmol/day) was estimated by the sum of uric
acid and allantoin. The endogenous excretion of PD was
assumed a constant of 0.385 LW0-75 (Chen & Gomes, 1992).

Table 1 - Chemical composition of ingredients and experimental diet

Absorbed purines (X, mmol/day) were calculated from
the excretion of purine derivatives (Y, mmol/day) based on
the following equation: X = {Y —(0.385 x LW?-7%)}/0.85, in
which 0.85 is the recovery of absorbed purines (such as
purine derivatives) and 0.385 LW0-75 s the endogenous
contribution for purine excretion (Verbicetal., 1990). Ruminal
synthesis of nitrogen (Y, gN/day) was estimated from the
absorbed purines (X, mmol/day) based on a modification of
the equation described by Chen & Gomes (1992), in which
the N-purine:N-total ratio of 0.116 was changed to 0.134 in
bacteria, according to Valadaresetal. (1999). The resulting
equationwas: Y =70X/0.83x0.134 x 1000, inwhich 70 isthe
N contentin purines (mg N/mol); 0.134 isthe N-purine:N-total
ratio of the bacteria; and 0.83 is the digestibility of microbial
purines. The efficiency of the nitrogen microbial synthesis
(EmicSN) was calculated by the amount of micN synthesized
by the intake of organic matter apparently digested in the
rumen (IOMDR). EmicSN (g/kg) =micSN (g)/IOMDR (kg),
inwhich IOMDR = 10M x ADOM x 0.65 (ARC, 1980);
IOM = intake of digestible organic matter; and ADOM =
apparent digestibility of organic matter. The estimated
microbial crude protein (MP) was obtained by multiplying
micSN by 6.25. The synthesis efficiency was calculated
using the following formula: MP (g/kg) = MP (g)/ ITDN (kg),
inwhich MP =microbial proteinand ITDN = intake of total
digestive nutrients.

Total carbohydrates (TCH) contents were calculated
according to the equation proposed by Sniffenetal. (1992):
%TCH =100 - (%CP + % ether extract + % ash). The non-
fibrous carbohydrates (NFC) estimate was calculated using
the difference between %TCH and %NDF.

For calculating the total digestible nutrients (TDN), the
equation proposed by Weiss (1999) was used: TDN=(DCP
+DNFC + DNDF + (DEE x 2.25)), inwhich DCP =digestible

Feed Diet
composition
Soybean meal Spineless cactus Sugar cane bagasse

Dry matter (%) 88.9 9.2 66.5 42.6
Crude protein (% DM) 52.5 4.4 1.4 12.4
Ether extract (% DM) 3.2 2.3 0.9 2.0
Total carbohydrates (% DM) 35.8 82.9 93.4 76.2
Non-fibrous carbohydrates (% DM) 22.9 51.4 9.7 31.8
Neutral detergent fiber (% DM) 13.0 31.4 83.7 44.4
NDFcp! (% DM) 9.9 30.2 80.1 42.1
Acid detergent fiber (% DM) 6.1 15.5 60.5 28.1
Lignin (% DM) 0.3 3.2 11.9 5.4
NDIPZ (% DM) 5.3 26.7 78.1 38.9
ADIP2 (% DM) 0.6 11.3 65.1 26.5
Ash (% DM) 6.4 9.6 3.2 8.3
Total digestible nutrients3 84.1 68.6 41.1 61.6

1 Neutral detergent fiber corrected to ash and protein (NDFcp).

2 NDIP = Neutral detergent insoluble protein (NDIP), ADIP = acid detergent insoluble protein (ADIP).

3 Estimated by NRC (2001).
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crude protein, DNFC =digestible non-fibrous carbohydrates,
DNDF = digestible neutral detergent fiber and DEE =
digestible ether extract.

For determination of apparent digestibility of the
nutrients, the production of dry fecal matter was estimated
using LIPE® (modified and enriched hydroxyphenylpropane
—purified eucalyptus lignin) as the external indicator. It was
daily administered at 6:00 a.m. in a single dose capsule
(500 mg/animal/day) for a six-day period (two days during
the adaptation period, and four during the collection period).
The feces samples were directly obtained in the rectal
ampouleindays 1, 2,3 and 4 of the collection period, at 6:00
a.m.,9:00a.m., 12:00 p.m. and 3:00 p.m., respectively, each
day, and thenthey were duly packed in labeled plastic bags.
Foursampleswere collected per animal per period and at the
end of the experiment, it was performed one composite
sample of each treatment. The samples were subsequently
dried at 65°C for 72 hours in a forced ventilation oven,
ground into 1 mm and analyzed at the Laboratério de
Nutri¢do Animal do Departamento de Zootecnia da Escola
de Veterinariada UFMG-Brazil using a spectrophotometer,
model Varian 099-2243 (Saliba, 2005) with a light detector in
the infrared spectrum (FTIR). Fecal production with LIPE
was calculated from the logarithmic rate of the absorption
intensities in the samples, in wave length ranges from 1050
to 1650, according to Saliba (2005):

Fecal production (kg/d) = Dose of the supplied indicator

Ai x 100 /fecal DM
inwhich, A = logarithmic rate of the absorption intensities
at 1050 and 1650 nm; A; = A1 50/ A1e50: A1os0 = 109 (1,/1);

Ajgs0 = log (I1,/1); 1, = the highest absorption intensity of
the sample; | = the lowest absorption intensity of the
sample.

Afterthe collection period, all samples were oven dried
at 65°C for 72 h, grounded using a Wiley Mill witha 1 mm
screen and stored for further analyses of dry matter (DM),
crude protein (CP), ether extract (EE) and ash, according to
the methodology described by Silva & Queiroz (2002).

Feed samples were analyzed for neutral detergent fiber
(NDF) and acid detergent fiber (ADF) with methodology
described by Van Soestetal. (1991), using nylon bags (TNT)
with ANKON bag similar measures. For determination of
neutral detergent fiber of the feeds (soybean meal and cactus),
itwas used 8 mol solution of alpha-amylase and urea. Neutral
detergent fiber of the feed was corrected for ash and protein,
resulting in an ash-and-protein-free NDF (NDFcp).

The content of neutral detergent insoluble crude protein
(NDICP) and acid detergent insoluble crude protein (ADICP)
of the food were estimated from the residuals from the
extraction of neutral and acid detergents, respectively, from

the samples (Licitra et al., 1996), using the procedure
described by Kjeldahl. For lignin determination (lignin
determined by cellulose solubilization with sulphuric acid),
it was used the method described by Van Soest (1967),
using sulfuric acid (H,SO,) at 72%.

Statistical analysis was performed using the following
mathematical model:

Yijklm: u+P;+ QJ. + A +Pr+F + (PreF),, + €ijiim
where p = overall mean, P; = period effect; Qj = square
effect; A, = animal effect; Pr| = cactus processing effect,
F., = feeding strategy effect, (Pr*F),,, = interaction cactus
processing * feeding strategy; €ijkim = experimental error.

The data were submitted to analysis of variance
(ANOVA) using the SAEG 9.1 statistical analysis package
(UFV, 2007). Level of significance of the effects was set
at5%.

Results e Discussion

There was no significant effect among interactions
(P>0.05) and between the cactus processing and the feeding
strategy on any of the studied variables. Thus, the factors
were analyzed and discussed separately.

The average daily intake of DM, OM, NDF and TDN
were lower (P<0.01) when the cactus was knife chopped
(Table 2), but CP intake and nutrient digestibility were
similar (P>0.05) between both types of cactus processing.

The lower intake of dry matter (kg/day) when the cactus
was knife chopped, probably occurred because of the
selectivity of the animals, which firstly consumed the cactus,
since this ingredient is highly palatable (Nefzaoui & Ben
Salem, 2001; Ben Salem, 2002), mainly due to its high
contents of soluble carbohydrate (Table 1). Later, the animals
consumed a diet higher in bagasse, which was obtained by
extraction of sugars and fermentation (in the storage
process), originating a product with lower acceptability,
rich in cell wall with high contents of NDF (Table 1). In
addition, cactus does not expose its mucilage when it is
chopped by knife, making the adherence to the bagasse
difficult, which may minimize the selectivity.

Accordingto Sniffen & Robinson (1984), cited inNRC
(2001), wheningredients are consumed in a sequence, fiber
food must be firstly provided and only after, food rich in
soluble carbohydrates is given because when food rich in
rapidly fermentable carbohydrates is given first, it may
contribute to the appearance of disorders in the ruminal
environment, causing a reduction in the consumption.
When fibrous foods are given first, there is a stimulus to
increase salivation as a result of the chewing process,
helping to maintain a ruminal pH conducive for better
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Table 2 - Intake and digestibility of nutrients in lactating cows under different feeding strategies

Cactus processing (proc) Feeding strategy (strat) SEM P
Knife Forage Separate Total mixed Cactus Strat Processing x
chopped  machine concentrate ration processing feed strategy
Dry matter
Intake (kg/day) 15.2 16.3 15.5 16.0 0.440 0.01 ns ns
Intake (% LW) 3.5 3.6 3.5 3.6 0.094 ns ns ns
Digestible (g/ kg DM) 657 680 667 668 1.070 ns ns ns
Organic matter
Intake (kg/day) 13.9 14.9 14.1 14.7 0.410 0.009 ns ns
Digestible (g/kg DM) 679 698 689 689 0.990 ns ns ns
Crude protein
Intake (kg/day) 2.01 2.09 2.12 1.98 0.053 ns 0.02 ns
Digestible (g/kg DM) 758 779 770 766 0.900 ns ns ns
Neutral detergent fiber
Intake (kg/day) 6.1 6.7 6.1 6.6 0.210 0.008 0.03 ns
Intake (% LW) 1.4 1.5 1.4 1.5 0.040 0.05 0.05 ns
Digestible (g/kg DM) 419 457 440 436 1.935 ns ns ns
Total digestible nutrients
Intake (kg/day) 9.6 10.6 9.8 10.3 0.446 0.01 ns ns

utilization of food. Generally, however, fiber food is less
preferred, mainly when the animal has the possibility of
choosing some more palatable and digestible foods.
According to Ferreira (2005), the way in which cactus is
processed deserves attention since when it is processed in
appropriate forage machine, mucilage is exposed, allowing
the cactus adherence and blending with less palatable diet
components, which does not occur when cactus is knife
chopped.

Intake of OM, NDF and TDN (kg/day) followed the
DM intake behavior for the different types of cactus
processing.

Cactus processing had no influence on the DM, OM,
CPand NDF digestibility coefficients. Due to the minimal
intake of DM showed by knife chopped cactus, it could be
expected a higher digestibility, because reduction on DM
intake increases digestibility (Lopez etal.,2001; Longetal.,
2004). However, the consumption of low NDF content
foods by ruminants reduces the time available for ruminal
microbiota to perform digestion due to the increase in the
passage rate of digesta in the rumen (Balch & Campling,
1962; Owens & Goetsch, 1986; Bondi, 1987; Chenetal., 1992).

The different feeding strategies showed no differences
on average daily intake of DM, OM and TDN and nutrient
digestibility values (P>0.05). On the other hand, when the
diet was supplied in the total mixed ration way, CP intake
(1.98 kg/day, P=0.02) was lower, whereas NDF intake was
higher (P=0.03). These results can be explained by the
increased opportunity of diet selection for separate
concentrate feeding strategy, from which animals consumed
first the soybean meal, the resource that provided about

80% of diet CP, and rejected the bagasse (Table 3), ingredient
with low CP and high NDF contents (Table 1).

However, these results differ from those described by
Pessoa et al. (2004), who found no differences in nutrient
intake (P>0.05), for total mixed ration and separate
concentrate feeding strategies. It should be highlighted
that the component used in the study of Pessoa et al. (2004)
was sorghum silage, which has greater palatability, and
30% of the diet was concentrate, whereas in the present
study, the concentrate represented only 18.8% of the diet,
being exclusively soybean meal. According to Pessoaetal.
(2004) there was an imbalance between the supplied and the
consumed diet in the treatment with separate ingredients.
The feeding strategy based on TMR prevents, among other
factors, food selection, and consequently excessive
consumption of any ingredientinthe diet (Van Soest, 1994;
Nocek, 1997; NRC, 2001; Ingvarstenetal., 2001; Silvaetal.,
2005) a fact which was not observed in this study, where it
was verified effect of selectivity in the proportion of nutrients
effectively consumed in relation to the nutrients in the
offered diet, even in the form of total mixed ration supply.

According to visual observation of the behavior of the
animals as well as to the data (Table 3), it was possible to
verify that when the diet was supplied in separate
concentrate way, the animals consumed the most palatable
components first (cactus and soybean meal) and left the
bagasse as scrap.

These results corroborate with those obtained by
Maekawa et al. (2002), who observed that cows fed with
separate ingredients could select food changingthe
forage:concentrate ratio of the original diet from 50:50 to
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Table 3 - Effect of selectivity in the proportion of nutrients effectively consumed in relation to the nutrients in the offered diet

SEM

Diet offered
(9/kg DM)

Proportion of nutrients actually consumed

Item

Feeding strategy

Processing

Feeding strategy

Cactus processing

% Total mixed %

Separate
concentrate

(9/kg DM)

%

Forage machine

0l

Knife chopped

ration
(9/kg DM)

(g/kg DM)

(g/kg DM)

0.001
0.01
ns

ns

0.04

0.02
ns

0.412

124
444
318
616

100

124
412
343
644

110
89
107
103
102

137
393
341
632

103

128
411
339
650

106
90
109
103
102

132
401
3

Crude protein

1.021
0.930
1.493

93
108
105
101

93
107
106
102

Neutral detergent fiber

48

Non-fibrous carbohydrates

Total digestible nutrients

Mean

ns

632

1 variation in relation to diet offered.
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close to 40:60. Furthermore, the cows had lower ruminal pH
than those fed total mixed ration. Thus, one advantage of
the total mixed ration feeding strategy seems to be a
capability of preventing low ruminal pH associated to
increase of concentrate intake.

Feeding strategy also had no influence on digestibility
coefficients of dry matter, organic matter, crude proteinand
neutral detergent fiber. According to Van Soest (1994),
several factors can alter digestibility, such as fermentation
time and passage rate, which are strongly influenced by the
type of diet and proportion of its ingredients. Moreover,
NRC (2001) assumes a digestibility reduction when food
intake increases. However, it was not observed any effect
on food intake in food supply strategies, which may have
contributed to the results found in the digestion.

Different ways of processing cactus had no effect
(P>0.05) on milk, protein and fat production (kg/day), whose
average valueswere 14.7;0.49 and 0.54 kg/day, respectively.
The manner in which cactus was processed did not influence
(P>0.05) milk CP content (g/kg) either. However, the animals
which consumed knife-chopped cactus produced milk with
lower fat content (36 vs 39 g/kg, P=0.01) (Table 4).

Although knife-chopped cactus processing provided
less DM intake, milk, protein and fat productions (kg/day)
were notaltered. According to the NRC (2001), requirements
of DM, CPand TDN requirements were estimated in 14.6; 1.6
and 7.92 kg /day, respectively, for milk production of 14 kg/day
of milk with 4% of fat. All the treatments met the requirements
(Table 2). However, there was lower milk fat content (g/kg)
when cactus was processed by knife, and that was probably
observed due to the differences in ruminal environmentand
volatile fatty acids concentrations in the rumen caused by
selectivity, causing differences in the forage:concentrate
ratio in the diet, influencing milk fat content (Sutton, 1989;
Gaynor et al., 1995; Nocek, 1997; Kennelly et al., 1999;
Ingvarsten et al., 2001). Bispo et al. (2007) observed that
increasing the proportion of cactus in the diet for sheep, it
caused a linear decrease in rumen pH from 6.46 to 6.24.
According to Batistaetal. (2003), 59.5% of the carbohydrate
in cactus is fast and moderate degradability and only 4.4%
are unavailable. The cactus still has 12.9% starch, which is
a relatively high value for forage in general. According to
Bispoetal. (2007), this high percentage of rapid carbohydrate
digestion is likely to increase microbial activity and
concentration of volatile fatty acids, resulting in a decrease
in pH. Another aspect to consider is that the mucilage
contained in the cactus leads to production of frothy bloat
and, consequently, it may reduce the absorption of volatile
fatty acids, resulting in a reduction of pH.
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Table 4 - Performance of lactating cows under different feeding strategies and cactus processing methods

Item Cactus processing Feeding strategy SEM P
Knife Forage Separate Total mixed Processing Strategy Processing x feeding

chopped machine concentrate ration strategy
Yield (kg/day)
Milk 14.8 14.6 14.8 14.5 0.482 ns ns ns
4% fat corrected milk 13.8 14.2 14.3 13.7 0.374 ns ns ns
Protein 0.48 0.50 0.50 0.49 0.014 ns ns ns
Fat 0.52 0.56 0.56 0.52 0.015 ns ns ns
Composition (g/kg)
Protein 34 35 34 34 0.050 ns ns ns
Fat 36 39 38 37 0.102 0.01 ns ns

Fat corrected milk = (0.4 x kg milk) + (15 x kg fat) (NRC, 2001).

For feeding strategies, there were no effect (P>0.05) on
the performance fromany of the variables (Table 4). Average
values for milk, protein and fat yield were 14.7, 0.49 and
0.54 kg/day, respectively. These dataare inn accordance to
Davenportetal. (1983) and Nocek et al. (1986), who found
nosignificantdifferencesin milk production when comparing
the effect of total mixed ration and separate concentrate
feeding strategies on the performance of dairy cows.
Silvaetal. (2005) assessing different feeding strategies with
cactus-based diets for Holstein cows, found no differences
between total mixed rations and separate concentrate feeding
strategies on milk production and composition.

However, Pessoaetal. (2004) assessed different feeding
strategies with cactus-based diets for Holstein cows and
found no differences on milk production among feeding
strategies; however, milk fat percentage was influenced by
feeding strategy, being lower in treatment in which feed was
offered in the separate ingredient way. On the other hand,
Ingvartsen et al. (2001) compared the effect of TMR and
separate ingredients (forage and concentrate) on milk
production and composition, and observed higher milk
production inanimals fed total mixed ration diets, as for milk
fat and protein percentages.

Feeding strategy and cactus processing had no effect
(P>0.05) on microbial protein production and urea excretion
(Table5).

Several factors, such as N and carbohydrates content
and source in diet; feeding frequency; food consumption;
forage:concentrate ratio; mineral contents in diet affect
microbial protein synthesis in the rumen in such a way that
microbial growth is maximized through synchronization
between fermentable energy availability and degradable N
in the rumen (Russell et al., 1992; NRC, 1996), have been
dealed by many authors (Stern & Hoover, 1979; Sniffen &
Robinson, 1987; Durand & Komisarczuk, 1988). The average
found in the present study (98.9 g MP/kg of TDN) was
similar for cactus processing ways and feeding strategies
of the diet, respectively, which is below the value
recommended by NRC (2001), which is 130 g of MP/kg of
NDT. Instudies carried out in Brazil, Valadares Filho et al.
(2006) found efficient values of microbial protein synthesis
ranging from 83.1 to 197.9, with an average value of
119.9 g MP/kg of TDN for lactating cows.

There was no effect on the different cactus processing
ways and feeding strategies for N-urea in plasma and milk
(Table 5). According to Kohn (2007), several researches
have explored the relationship between milk urea-N (MUN)
orplasmaurea-N (PUN) and protein and energy in consumed
diet (Roseleretal., 1993). Variations of MUN and PUN can
be obtained by changes in protein:energy ratio. Their
concentrations are little affected by N intake when
protein:energy ratio is constant, but they increase when the

Table 5 - Excretion of urea N in milk and plasma and microbial production

Item Cactus processing Feeding strategy SEM P
Knife Forage Separate  Total mixed Processing  Strategy Processing x feeding

chopped machine concentrate ration strategy
Excretion of urea
PUN® (mg/dL) 20.9 21.7 21.6 21.1 1.409 ns ns ns
MUN?! (mg/dL) 17.7 18.6 17.5 18.9 0.457 ns ns ns
Microbial production
Purine derivative (g/day) 1012.6 1013.1 944.0 1081.7 45.235 ns ns ns
Microbial protein (g/kg TDN) 102.5 95.4 93.1 104.7 5.168 ns ns ns

1PUN plasma urea-N; MUN, milk urea-N.
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proportion increases. Inthe present experiment, the provided
diet was isoproteic and isoenergetic. However, the intake of
nutrients differed among feeding strategies and cactus
processing ways because of selectivity by the animals
(Table 3), causing variationin CP:TDN ratiofrom 0.19t0 0.22.

According to Roseler et al. (1993) and Jonker et al.
(2002), MUN concentration has been widely used as an
indirect measure for identifying use and efficiency of
nitrogen, once this parameter is highly correlated (r = 0.88)
to PUN. In the present study, MUN and PUN means were
21.1 and 18.5 mg/dL, respectively. A strong correlation
(r = 0.85) was found between these two characteristics.
These values corroborate with literature reports on the
similarity of these concentrations.

Conclusion

The two techniques for cactus processing (machine vs
knife) have effect on intake of nutrients and fat milk content,
but they are similar for milk production. Cactus processed
by machine can optimize its use in large amounts, and
improve its incorporation in the diet, maximizing dry matter
intake. Feeding strategy in the form of total mixed ration
(TMR) allows animal selectivity, but with less imbalance
between the offered and the consumed diets.
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