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ABSTRACT - The objective of this work was to evaluate intake, nutrient apparent digestibility and ingestive behavior
of sheep fed rations with cashew nut meal (CNM) at the levels of 0; 10; 20 and 30% in the concentrate ration. It was used
a double 4 x 4 Latin square experimental design. Intakes of dry matter (DM), organic matter, crude protein, mineral matter,
non-fibrous carbohydrates and total digestible nutrients were not influenced by the addition of CNM, however, intake of
neutral detergent fiber (NDF), acid detergent fiber and total carbohydrates presented a quadratic behavior with the increase
of content of lipids in the ration. Apparent digestibility of DM, organic matter, crude protein, NDF, acid detergent fiber
and non-fibrous carbohydrates was not influenced by the addition of CNM in the rations; however digestibility of ether
extract and total carbohydrates presented quadratic and linear behavior, respectively. It was not observed any significant
differences in time spent with feeding and rumination, however, total chewing time was influenced, presenting increasing
linear behavior with the levels of CNM. Concerning to intakes of dry matter and NDF per hour, feed efficiency and
rumination were not affected by increase on lipid content in the rations. Ruminating chews time per rumen bolus, number
of ruminated boli and the number of ruminating chews per day were not influenced by experimental rations. In sheep feeding
management, it is suggested as a feeding alternative the use of up to 30% of CNM in the concentrate ration if it is available.
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Consumo, digestibilidade aparente dos nutrientes e comportamento
ingestivo em ovinos alimentados com farelo de castanha de caju

RESUMO - Objetivou-se avaliar o consumo, a digestibilidade aparente dos nutrientes e o comportamento ingestivo
de ovinos alimentados com ragdes contendo farelo de castanha de caju (FCC) nos niveis de 0; 10; 20 e 30% na racéo
concentrada. O delineamento experimental utilizado foi quadrado latino 4 x 4 duplo. Os consumos de matéria seca (MS),
matéria organica, proteina bruta, matéria mineral, carboidratos nao-fibrosos e nutrientes digestiveis totais ndo foram
influenciados pela adicdo de FCC, contudo o consumo de fibra em detergente neutro (FDN), fibra em detergente acido e
carboidratos totais apresentaram comportamento quadratico com o aumento no teor de lipideos da ragdo. A digestibilidade
aparente da MS, matéria organica, proteina bruta, FDN, fibra em detergente acido e carboidratos ndo fibrosos nédo foi
influenciada pela adicdo de FCC nas racdes, contudo as digestibilidades do extrato etéreo e dos carboidratos totais
apresentaram comportamentos quadratico e linear, respectivamente. Ndo foram observadas diferengas significativas no
tempo despendido com alimentacdo e ruminacdo, no entanto, o tempo de mastigacdo total foi influenciado, apresentando
comportamento linear crescente com os niveis de FCC. As eficiéncias de alimentagdo e ruminacdo ndo foram influenciadas
pelo aumento no teor de lipideos das ragdes, no que se refere aos consumos de MS e FDN por hora. O tempo de mastigacéo
mericica por bolo ruminal, o nimero de bolos ruminados e o nimero de mastigagdes mericicas por dia ndo foram influenciados
pelas racdes experimentais. No manejo alimentar de ovinos, caso haja disponibilidade, recomenda-se como alternativa
alimentar a utilizacdo de no méaximo 30% de FCC na racdo concentrada.
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Introduction

Dietary lipids are found mainly in non-esterified form
asgalactolipids (forage) and triglycerides (oil seed). Except
for the grains, most foods used in the formulation of
ruminant diets contain low level of lipids, with values
ranging from 1 to 4% in dry matter (Van Soest, 1994).
Palmquist & Jenkins (1980) suggested that inclusion of
lipids in diets for ruminant must be limited to 5% of total
dry matter inasmuch as the microorganisms have no
physiological mechanisms to digest lipids in addition to
promote changes in the rumen fermentation pattern
(Cenkvarietal., 2005). The main mechanisms involved in
this process include physical coating of the fiber, the
surfactant effects on the microbial membrane, and the
reduction in cations availability due to the formation of
calcium soaps. Vegetable oils, rich in unsaturated fatty
acids may promote negative effects inthe rumenandin the
digestibility of fibrous material.

In northeastern Brazil, among the agro-industrial
byproducts from the cashew crop, there is the cashew nut
meal (CNM) produced ina large scale during the dry season
in the region. The addition of the cashew nut meal as lipid
source allows the higher energy content in the rations,
reduces the risk of rumen acidosis and allows better
productive and reproductive performance of animals
(Pimenteletal., 2007).

Thus, the present study evaluated the intake, the
apparent digestibility of nutrients and ingestive behavior
of sheep fed rations containing different levels of inclusion
of cashew nut meal.

Material and Methods

This experiment was carried out in the Setor de
Ovinocaprinocultura of Departamento de Zootecnia at
Universidade Federal do Cear4, Fortaleza— CE. It was used
eight non-castrated male Santa Ines sheep at approximately
20 months of age and with average weight of 25 kg, confined

in metabolism cages, with feeders and drinkers. Firstly, the
animals were weighed, identified with earrings, treated
against ecto and endoparasites and supplemented with
injectable A vitamin. The animals were distributed into four
groups with different levels of inclusion of cashew nut meal
(0; 10; 20 and 30% of dry matter) in the concentrate ration
and arranged in 4 x 4 double Latin square design.

The experiment lasted 64 days, divided into four 16-day
experimental periods in which 10 days were for adaptation
and six days for data collection. The rations were prepared
according to NRC (2007) and contained Tifton 85 hay as
roughage (Tables 1 and 2).

The animals were fed ad libitum once a day (7:00 a.m)
and the orts were previously weighed to determine the daily
intake. The amount of feed was calculated to permit orts
corresponding to5to 10%. Animals had always easy access
to water.

Table 2 - Proximate and chemical composition of rations
containing cashew nut meal
Ingredient (%DM) Level of cashew nut meal

0% 10% 20% 30%
Tifton 85 hay 60.00 60.00 60.00 60.00
Cashew nut meal 0.00 3.82 7.67 11.52
Ground corn 18.00 16.20 14.40 12.60
Soybean meal 13.20 11.88 10.56 9.22
Wheat bran 7.20 6.47 5.76 5.03
Dicalcium phosphate 0.16 0.22 0.28 0.34
Limestone 1.04 0.98 0.92 0.86
Salt 0.24 0.24 0.24 0.24
Premix! 0.16 0.16 0.16 0.16
Nutrient (%DM)
Dry matter 89.90 90.38 90.30 90.38
Crude protein 14.31 14.51 14.55 14.13
Ether extract 2.97 4.35 5.95 7.78
Ash 7.39 7.64 7.83 7.87
Neutral detergent fiber 49.96 48.78 48.47  48.26
Acid detergent fiber 26.67 26.64 26.55 26.25
Total carbohydrate 75.33 73.51 71.67 70.23

Non-fibrous carbohydrate 25.37 24.72 23.20 21.96

Total digestible nutrient 61.87 61.45 59.50 61.82

1 calcium - 7.5%; phosphorus — 3.0%; iron — 16,500 ppm; manganese —
9,750 ppm; zinc — 35,000 ppm; iodine — 1,000 ppm; selenium — 225 ppm;
cobalt — 1,000 ppm.

Table 1 - Bromatological composition of Tifton 85 hay, cashew nut meal (CNM) and experimental concentrates

Nutrient(%DM) Tifton 85 hay CNM Concentrate

0% 10% 20% 30%
Dry matter 87.05 83.07 94.17 95.37 95.18 95.37
Crude protein 8.26 24.99 23.38 23.88 23.99 22.94
Ether extract 1.70 44.09 4.88 8.32 12.33 16.89
Ash 7.35 7.46 8.07 8.55 8.64
Total carbohydrate 82.69 27.40 64.28 59.73 55.13 51.54
Non-fibrous carbohydrate 10.33 10.93 47.92 46.33 42.49 39.41
Neutral detergent fiber 72.36 16.47 16.36 13.40 12.64 12.12
Acid detergent fiber 39.57 11.85 7.31 7.25 7.02 6.27
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In order to determine the digestibility of the dry matter
(DM), organic matter (OM), crude protein (CP), ether extract
(EE), neutral detergent fiber (NDF), acid detergent fiber
(ADF), total carbohydrate (TC) and non-fibrous carbohydrate
(NFC), samples of feces were collected from the 10t to the
15t day of each period, in the morning and in the afternoon,
and formed samples of animal/treatment/period. The
estimation of fecal output was obtained by using the
indigestible acid detergent fiber (iIADF) as an indicator.
Samples of feces, supplied food and orts were incubated
in rumen environment for 144 hours, as described by
Cochranetal. (1986).

Samples of supplied food, orts and feces were placed
in plastic bags properly identified and stored at —20°C for
subsequent laboratory analyses. At the end of the
experiment, samples of offered rations, orts and feces were
thawed at room temperature and compounded by animal/
treatment/period. The pre-drying of these samples were
carried outinaforced ventilation oven at 55°C for 72 hours
andthengrinded using a 1-mm screen, then placed in plastic
containers with lids and stored for determination of DM,
ash, OM, CP and EE, according to Silva & Queiroz (2002),
and the NDF and ADF as proposed by Van Soest et al.
(1991). The intake of total digestible nutrients was obtained
according the recommendation by Sniffenetal. (1992). The
percentage of NFC in the rations was calculated following
the equation proposed by NRC (2001): NFC =100 - (%CP
+%NDF + %EE + %Ash). The content of total carbohydrate
was obtained as described by Sniffen et al. (1992).

For the measurement of ingestive behavior, the animals
were submitted to visual observation on the 15t and 16t
days of each experimental period. In the first day of
observation, the animals were evaluated during three 2-hour
periods (8:00a.m.t010:00a.m.; 2:00 p.m.to 4:00 p.m.; and
6:00 p.m. to 8:00 p.m.) to collect data and to estimate the
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number of ruminating chews per bolus and the time spent
of ruminating chews per bolus, by using digital stopwatch.
On the second day, the ingestive behavior was determined
visually atintervals of five minutes for 24 hours to determine
the time spent eating and ruminating (Johnson & Combs,
1991). During the conduction of the experiment, the
environment was kept under artificial light at night.

The variables referring to ingestive behavior were taken
from the relationships:

FE =DMI/ET; RE =DMI/RUT; RE = CMFDN/ RUT,;
TCT= TF+RUT; BOL= RUT/MM,,; No.MM/day =
BOLMM,,; where: FE (gDM/h, gNDF/h) =feeding efficiency;
DMI (gDM/day) =dry matter intake; ET (h/day) = eating time;
RE (gDM/h,gNDF/h) =rumination efficiency; RUT(h/day) =
ruminating time; TCT (h/day) = total chewing time; BOL
(N©-/day) = number of ruminate boli; MMy, (sec/bolus) =
time of ruminating chew per bolus; No.MM/day = number
of ruminating chews per day and MM, (N®/bolus) = number
of ruminating chews per bolus (Polli etal., 1996).

The variables were submitted to analysis of variance
and regression analysis by using the software SAEG -
System of Statistical and Genetic Analysis (UFV, 2000).

Results and Discussion

Dry matter intake of the animals was not influenced
(P>0.05) by the inclusion levels of cashew nut meal in the
rations inany of the regarded forms (Table 3). According to
Mertens (1987), the DM intake is related to the meeting of
energy requirements; however the levels of ether extract of
rations were below 8%, level established by NRC (2001) as
alimitfromwhichreductionswould occur inthe DM intake.

The intake of organic matter, crude protein, ash,
non-fibrous carbohydrates and total digestible nutrients
were not influenced by the levels of inclusion of lipids

Table 3 - Nutrient intake by Santa Ines sheep fed rations containing cashew nut meal

Item Level of cashew nut meal Regression parameter

0% 10% 20% 30% Equation r2 P
Dry matter (g/day) 1004.29 1027.05 941.40 794.24 \Z = 941.75 ns
Dry matter (%BW) 3.56 3.65 3.32 2.85 Y =335 ns
Dry matter (g/BWO-75) 0.082 0.084 0.077 0.065 Y = 0.077 ns
Organic matter (g/day) 835.70 858.07 785.13 661.79 Y = 785.17 ns
Crude protein (g/day) 152.68 159.44 145.96 120.13 \/( = 144.55 - ns
Ether extract (g/day) 30.72 47.50 60.85 69.18 Y = 3276 + 1.29X 0.97 0.0054
Ash (g/day) 75.25 79.47 74.68 63.85 Y = 7331 - ns
Neutral detergent fiber (g/day) 453.77 449.49 411.69  340.99 ¢ = 453.80 + 1.22X - 0.17X2 0.99 0.0014
Neutral detergent fiber (% BW) 1.61 1.60 1.45 1.23 ¢ = 1.61 + 0.003X — 0.0005X2 0.99 0.0401
Neutral detergent fiber (g/BWO97%)  37.05 36.82 33.49 28.14 ¢ = 37.11 + 0.08X — 0.01 X2 0.99 0.0302
Acid detergent fiber (g/day) 246.69 251.68 231.28 193.00 9 = 247.07 + 1.43X - 0.11X2 0.99 0.0247
Total carbohydrate (g/day) 745.65 740.64 659.91  489.48 \?: 744.95 + 3.92X — 0.41X2 0.99 0.0120
Non-fibrous carbohydrate (g/day) 291.88 291.14 248.22 200.10 Y = 257.84 - ns
Total digestible nutrient (g/day) 622.70 632.96 563.10 507.27 Y = 581.51 ns
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either. The intake of ether extract presented linear behavior,
asshown in the equation ¥=32.76+1.29X (Table 3),sofor
every 1% addition of cashew nut meal, the intake of ether
extractincreased 1.29 g.

The consumption of neutral detergent fiber was
influenced by the inclusion of cashew nut meal inasmuch
as it decreased as levels of lipids in the diet increased. The
rations were calculated so that the fiber was not a limiting
factor for the consumption. The mean consumption of fiber
inthe rations with 20 and 30% of cashew nut meal were lower
thanthose found by Branco etal. (2010) and Carvalhoetal.
(2006), who did not verify repletion effect in the average
intake of fiber (1.24 and 1.53% BW, respectively). The
intake of ADF and total carbohydrate presented quadratic
behavior. One major effect of lipid inclusion in ruminant
diets is the interference on ruminal fermentation, which
causes reductions in the digestibility of the fiber. The
mechanisms by which the lipid supplementation reduce the
voluntary intake, despite of not being well elucidated,
involve both effects on ruminal fermentation and intestinal
motility and also on the ration palatability.

The apparent digestibility of dry matter, organic matter,
crude protein, neutral detergent fiber, acid detergent fiber
and non-fibrous carbohydrate was not influenced by the
addition of cashew nut meal in the diet (Table 4). These
results corroborate the results obtained by Bateman Il &
Jenkins (1998), who did not observe any effects of the
inclusion of lipids on the apparent digestibility of these
nutrients, suggesting that significant amounts of
unprotected lipids may be added to the rations inasmuch as
they do not affect the nutrient digestibility. However, the
digestibility of ether extract and total carbohydrates
presented quadratic and linear behavior, respectively
(P<0.05; Table 4). Inagreement with Silvaetal. (2007), one
major effect of lipid inclusion in ruminant diets is its
interference in rumen fermentation, reducing the nutrient
digestibility, especially fiber. Inthis study, the rations were
prepared to maintain the same level of protein and NDF,

changing only ether extract. Thus, it is assumed that the
conditions of the rumen environment were kept constant
and had no influence on the fiber digestibility, even at the
maximum level of inclusion of the byproduct.

According to the NRC (2001), the digestibility of fatty
acid, acomponent of ether extract, can be influenced by the
dry matter intake, by the amount consumed, and by the
characteristics of dietary lipids. The degree of unsaturation
is perhaps the feature that most influence lipid digestion.
Therefore, the optimal source of lipids for ruminants would
be the one that does not interfere on digestibility of other
nutrients and produce high intestinal digestibility. Although
presenting 78.7% of unsaturated fatty acid, the cashew nut
meal did not influence on nutrient digestibility, except total
carbohydrate. Thus, Pimentel (2007) reported that oleic
acid (57.4% of total fatty acids) may not interfere on the
rumen environment much.

Ingestive behavior was not affected by the inclusion of
cashew nut meal, concerning the time spent eating and
ruminating, in minutes per day. The chewing activity has
been one of the most studied and used measures to evaluate
the effectiveness of the fiber, because of their effect on
saliva production, the process of grinding the food, DM
intake, ruminal variables and the fat percentage in the milk
(Mertens, 2001). The time spent by animals in chewing
activity inthe present study had an increasing linear effect.
According to the linear equation obtained: ¥ =839.13 +
0.44X, forevery 1% addition of cashew nut meal, the animal
increased by 0.44 minutes the time spent chewing (Table 5).

Likewise, the minutes spent to ruminate 1.0 g of DM
influenced chewing activity (min/gDM). The variables
presented quadratic behavior, respectively ranging from
0.57 to 0.78 and from 0.83 to 1.11 min/gDM for the diets
without cashew nut meal and for that with 30% of this
byproduct. However, the intake, rumination and chewing
activity were not different (P>0.05) among the rations with
cashew nut meal, when considered in minutes spent per
gram of neutral detergent fiber consumed.

Table 4 - Apparent digestibility of nutrients of rations containing cashew nut meal in Santa Ines sheep

Item Level of cashew nuts Regression parameter

0% 10% 20% 30% Equation r2 P
Dry matter (%) 63.13 61.22 57.10 59.30 Y = 60.19 - ns
Organic matter (%) 63.17 61.54 57.53 59.24 Y = 60.73 - ns
Crude protein (%) 75.25 75.53 72.98 72.59 Y = 74.09 - ns
Ether extract (%) 59.47 64.13 72.04 82.32 Y = 59.42 + 0.34X + 0.14X2 0.99 0.0221
Neutral detergent fiber (%) 52.22 52.53 46.15 46.09 Y = 49.25 - ns
Acid detergent fiber (%) 50.39 48.24 41.52 43.84 Y = 46.00 - ns
Total carbohydrate (%) 62.40 59.71 53.72 47.11 Y = 63.52 - 0.52X 0.96 0.0076
Non-fibrous carbohydrate (%) 78.17 70.64 66.06 69.07 Y = 70.99 - ns

ns = not significant.
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Table 5 - Time spent in the intake, ruminating and total chewing in sheep fed rations containing cashew nut meal

Item Level of cashew nut meal Regression parameter
0% 10% 20% 30% Equation r2 P
Intake N
Minutes/day 258.75 260.63 254.38 252.50 Y = 256.57 - ns
Minutes/gDM 0.26 0.26 0.28 0.33 Y =0.28 - ns
Minutes/gNDF 0.58 0.58 0.59 0.76 Y = 0.63 - ns
Rumination N
Minutes/day 581.25 580.63 595.63 599.38 X = 589.22 - ns
Minutes/gDM 0.57 0.57 0.65 0.78 Y = 0.57 - 0.0029X + 0.0003X? 0.99 0.0105
Minutes/gNDF 1.29 1.29 1.38 1.82 Y = 1.45 - ns
Chewing activity
Minutes/day 840.00 841.25 850.00 851.88 ?z 839.13 + 0.44X 0.86 0.0245
Minutes/gDM 0.83 0.83 0.92 1.11 Y = 0.83 - 0.0049X + 0.0005X2 0.99 0.0035
Minute/gNDF 1.86 1.87 1.97 2.58 Y = 2.07 - ns

ns = not significant.

The intake of dry matter can be a direct reflection of
the genetic potential of the animal (Allen, 2000) inasmuch
as coordinated actions encompass homeostatic and
homeorhetic directions, contributing for the achievement
or maintenance of an energy profile (long-term regulation).
Nevertheless, meals are conducted daily and, at short
intervals, the ingestive behavior is surrounded by
external stimuli and the initial part of the digestive tract
(Mertens, 1996). Accordingly Dulphy & Demarquilly
(1994) reported that, through different mechanisms,
each food or ingested ration promote responses from
systems of hunger/satiety, which will reflect in meals
withvaryingsizes inthe normal circadian cycle of the animal.
In the circadian cycle, there are alternations between
periods of restand rumination. Thus, for each food/ration
there is a specific feeding model that varies according
tothe dietary characteristics. The decrease in digestibility
may cause an increase in the chewing activity and in
the time spent ruminating, to the detriment of the time
spent ingesting foods, causing an increase on energy
expenditure to complete this process.

The efficiencies of feeding and rumination were not
influenced by the increase in the lipid content in the
rations inasmuch as there were no variations in the intake
of DM and NDF per hour (Table 6).

Accordingto Van Soest (1994), feed daily intake can be
described by the number of meals consumed per day, by the
duration of the meals and the feeding rate, i.e., the speed at
which each meal is made. These processes originate from a
complex interaction between the metabolism of the animal
and the physical and chemical properties of the diet, and the
determinants of food intake by the animal. Furthermore,
the amount of ingested food can vary from 40 to 60% due
to the effect of factors inherent to the animal, from 20 to
30% due to the food, and from 10 to 15% due to conditions
of management and environment. In the present study, the
animals were fed once a day. Because ruminant animals
have a daily pattern of feeding, both in pasture and in
confinement, the time of food distribution, the amount
supplied and the frequency of supply may influence the
timing of maximal occurrence of ingestive activity. The
feeding activities are concentrated in discrete periods and

Table 6 - Feeding behavior of sheep fed rations containing cashew nut meal

Variable Level of cashew nut meal Regression parameter

0% 10% 20% 30% Equation r2 P
Feeding efficiency ~
gDM/hour 238.95 243.54 220.06  194.10 Y = 224.16 - ns
gNDF/hour 106.99 108.10 103.46 82.08 Y = 100.16 - ns
Rumination efficiency B
gDM/hour 104.95 105.17 94.08 79.74 Y = 95.99 - ns
gNDF/hour 46.91 46.66 44.11 34.03 Y = 42.93 - ns
MMtb (sec/bolus)? 44.89 48.07 47.35 49.99 \/( = 47.58 - ns
MMnb (No./bolus)? 55.02 61.66 63.62 61.41 Y = 55.04 + 0.88X - 0.022X2 0.99 0.0085
Ruminated boli (number/day) 783.62 729.01 764.97 720.93 Y = 749.63 - ns
Ruminating chews (number/day) 43.300.26 44.641.37 48.137.12 44.369.93 Y = 45.112.17 - ns

1Time of ruminating chews per bolus; 2 Number of ruminating chews per bolus; ns = not significant.
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distributed unevenly throughout the diel cycle. In general,
the number and duration of meals are more variable than
the period of rumination. By adjusting the number of daily
meals and their size (duration vs. ingestion rate), the
animals can adjust their consumption in the short term
(Grant & Albright, 1995).

The fiber contentand the physical properties of the diet
are the main factors affecting rumination time. Because fiber
contents were similar among rations, the ruminating
efficiency (in gNDF/hour) was not influenced because the
number of ruminating periods increases according to the
fiber content in the ration.

The chewing time per ruminal bolus, the number of
ruminated boli and the number of ruminating chews per day
were not influenced by the experimental rations (P>0.05)
whereas the number of ruminating chews per bolus presented
quadratic behavior.

Conclusions

The use of cashew nut meal, when it is available, with
a maximum stake of 30% of concentrate ration, is
recommended for feeding management of sheep.
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