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Sticky coffee hull silage on the feeding of growing and finishing pigs
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ABSTRACT - Two experiments were carried out with the objective of evaluating the performance and carcass traits of
growing and finishing pigs fed rations with sticky coffee hull silage. In experiment 1, the coffee hulls were ground through
a 4-mm screen and ensiled with 30% water and enzymatic-bacterial inoculant and evaluated in digestibility trial with 15 crossbred
pigs distributed in a completely randomised design. Overall, the ensiling process did not improve the digestibility of the sticky
coffee hulls. In experiment 2, it was used 60 pigs (32.52 to 59.58 kg) in the growing phase and 55 pigs (61.70 to 90.27 kg)
in the finishing phase, distributed in a completely randomised design with five diets (0, 4, 8, 12 and 16% of sticky coffee hull
silage) and six replicates. In the growing and finishing phase, inclusion of levels of sticky coffee hull silage did not affect feed
intake, weight gain, and plasma urea nitrogen. However, in the finishing phase, feed conversion improved as the levels of sticky
coffee hull silage increased. Responses by backfat thickness and marbling were quadratic, whereas empty stomach weight
increased linearly when sticky coffee hull silage was included in the diet. Sticky coffee hull silage has good nutritional value
and if used in levels up to 16% of the diet, it does not impair performance of pigs in the growing and finishing phases and it
results in leaner carcasses. However, the economic feasibility of its use depends on the price relationship of this by-product
with the other feedstuffs.
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Casca de café melosa ensilada na alimentacdo de suinos na fase de
crescimento e terminagao

RESUMO - Foram conduzidos dois experimentos com o objetivo de avaliar o desempenho e as caracteristicas de carcaca
de suinos na fase de crescimento e terminagdo alimentados com ragdes contendo casca de café melosa ensilada. No experimento
1, a casca de café foi moida em peneira com crivos de 4 mm e ensilada com 30% de 4gua e inoculante enzimobacteriano e avaliada
em ensaio de digestibilidade com 15 suinos mestigos, distribuidos em delineamento inteiramente casualizado. De forma geral,
o processo de ensilagem ndo melhorou a digestibilidade da casca de café melosa. No experimento 2, foram utilizados 60 suinos
(32,52 a 59,58 kg) na fase de crescimento e 55 suinos (61,70 a 90,27 kg) na fase de terminacéo, distribuidos em delineamento
inteiramente casualizado, com cinco dietas (0, 4, 8, 12 e 16% de casca de café melosa ensilada) e seis repeticdes. Nas fases
de crescimento e terminagdo, ndo houve efeito dos niveis de casca de café melosa ensilada sobre o consumo de racdo, o ganho
de peso e o nitrogénio da uréia plasmatica. Entretanto, na fase de terminagdo, a conversdo alimentar melhorou com o aumento
dos niveis de casca de café melosa ensilada. A espessura de toucinho e o marmoreio responderam de forma quadratica, enquanto
0 peso do estdbmago vazio aumentou de forma linear com a inclusdo de casca de café melosa ensilada na dieta. A casca de café
melosa ensilada tem bom valor nutricional e, se utilizada em niveis correspondentes a até 16% da dieta, ndo prejudica o
desempenho de suinos nas fases de crescimento e terminagdo e resulta em carcagas mais magras, entretanto a viabilidade
econdmica de sua utilizacdo depende da relagdo de precos entre esse subproduto e os demais ingredientes.
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Introduction productive and reproductive performance. Factors such as

Feeding has a greater impact on the costs of pig
production than any other component. Accordingly, there
is a great market interest in finding alternative feedstuffs
that allow costs to be reduced while achieving good
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commercial availability, quality and price can have animpact
on the choice of such alternative feedstuffs.

InBrazil, some agricultural productionsresultinahigh
volume of by-products, such as coffee hulls, which may be
used in alternative animal feeds. Brazilian coffee production
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is estimated at 33,740 million bags of processed coffee per
year, accordingto CONAB (2008). As coffee hull production
corresponds to approximately 40% of total coffee production
(PovedaParraetal., 2008), an estimated 810 million tonnes
of this by-product are produced every year.

The use of this by-product to feed pigs depends
fundamentally on its chemical composition, digestibility
values and nutrient availability (Ferreira et al., 1997,
Moreira et al., 2009). Sticky coffee hull (SCH) residue is
more nutritious than the other coffee components because
it has high levels of crude protein and low levels of fiber
(Vilelaetal.,2001). As SCH does not contain parchment, a
highly fibrous component, it is notably more effectively
utilised by pigs (Oliveiraetal., 2001).

Research on pigs suggests that sticky coffee hull levels
of up to 5% can be included in feed during the growing
phase (Oliveiraetal., 2001 Poveda Parraetal.,2008) and up
t0 9.5% during the finishing phase (Poveda Parraetal., 2008)
without impairing performance and even improving the
quality of the carcass.

Ensiling may improve the utilisation and conservation
of this agro-industrial waste, making nutrients more
available, reducing anti-nutritional factors, such as caffeine,
tannins and polyphenols, and reducing the environmental
impact resulting from the high volume of this waste.

Accordingly, this study was carried out aiming to
evaluate the nutritional value of sticky coffee hull silage
(SCHS) on growing-finishing pig feeding and its effects on
performance, carcass traits and the economic feasibility.

Material and Methods

Two experiments were carried out to evaluate sticky
coffee hull silage on growing-finishing pigs feeding.

The sticky coffee hulls were obtained from the
COCAMAR agro-industry and ground in a hammer-knife
mill with a 4-mm mesh, as recommended by Poveda Parra
et al. (2008), who demonstrated that sticky coffee hulls
groundtoalarger grainsize (4 mm) are better digested than
2.5-mmhulls.

The sticky coffee hull silage was obtained by adding
water to increase the moisture level to about 30%. Enzymatic-
bacterial inoculant was also added to the water to improve
the fermentation process. The coffee hulls were ensiled in
70-L plastic drums with hermetically sealed lids at a density
of 930 kg SHCS/m3. The silage was used after a minimum
fermentation period of 30 days.

Two experiments were conducted: a test to evaluate
digestibility (experiment 1) and a study of performance

(experiment 2). Inexperiment 1, atotal of 15 castrated male
crossbred pigs withamean initial weightof43.06 +4.12 kg
fromacommercial line were used.

The animals were maintained in individual metabolism
cages similar to those described by Pekas (1968), in a
building with a partially controlled environment. The ambient
temperature varied from 18°Cto 25.1°C.

Two experimental diets were tested by replacing 25%
on dry matter basis of the control diet with sticky coffee
hullsand sticky coffee hull silage. The control diet consisted
of corn (72.90%), soybean meal (24.45%), salt (0.57%),
limestone (0.64%), dicalcium phosphate (0.87%) and vitamin
and mineral supplement (0.57%) and was formulated to meet
the requirements NRC (1998). The feed containing sticky
coffee hull silage was prepared daily.

The experimental period was 17 days (twelve days for
adaptation and five days for total collection of feces and
urine). A completely randomized experimental design was
used with two diets and five replicates. The experimental
unit consisted of one pig.

During the collection period, the quantity of diet
provided was calculated from the metabolic weight (kg®-7®)
of each pig. Average intake was recorded during the
adaptation period. The feeding was provided at 8 a.m. and
4 p.m. daily. The two meals were 55% of the total in the
morning and 45% in the afternoon (a proportion obtained
from the morning and afternoon feed intake during the
adaptation period). The feeds were moistened with
approximately 20% water to avoid waste, reduce dustiness
and improve the acceptability of the diet. After each meal,
water was provided at the feeder in the proportion of 3 mL
of water/g of diet to prevent excessive water consumption.

With the objective of defining the start and the end of
the period of total collection of feces, 3% iron oxide
(Fe30,) was used as a fecal marker. The feces were collected
once a day, kept in plastic bags and stored in a freezer
(-18°C). Subsequently, the material was thawed,
homogenised and dried (approximately 350 g) in a forced
draught ovenat 55 °C for 72 hand ground in a knife mill
(1-mmscreen). The urine was collected in plastic buckets,
containing 20mL of HCI 1:1to prevent bacteriaproliferation
and possible volatilisation losses.

The chemical composition of the diets and the feces
were evaluated by the Laboratério de Nutricdo Animal at
Universidade Estadual de Maringa, in accordance with the
methodologies described by Silva & Queiroz (2002).
Granulometry analysis was conducted in accordance with
the methodology proposed by Zanotto & Bellaver (1996).
Gross energy values were determined using an adiabatic
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calorimeter (Parr Instrument Co. AC720), following the
procedures described by Silva & Queiroz (2002).

Caffeine levels were determined by the Instituto de
Tecnologiade Alimentos - ITAL, following the methodology
described by Horwitz (2005), and the total tannin levels
were determined by the Departamento de Farmacia da
Universidade Estadual de Maringa. Aminogram analysis of
the sticky coffee hulls was carried out by the Laboratério
da Degussa using HPLC equipment.

The coefficients for dry matter digestibility, gross
energy, organic matter, crude protein, neutral detergent
fiber, acid detergent fiber, gross fiber and hemicellulose
were calculated in accordance with the reports by
Matterson et al. (1965).

To evaluate the differences between the digestibility
coefficients for SCH and the SCHS, the coefficients were
submitted to analysis of variance (F test, P>0.05), using
the SAEG statistics package (UFV, 1997), in accordance
with the following statistical model: Yij=ut Ti+ &ij, where:
Yij =digestibility coefficient for treatment i, with repetition
J; w=constant related to all observations; T; = effect of the
type of feed i, inwhichi=1;2(1=SCHand2=ESCH); and
ij = random error associated with each observation.

Inexperiment 2, atotal of 60 crossbred pigs, 30 castrated
males and 30 females from a commercial line were used,
with anaverage initial weight of 32.52 + 3.21 and final weight
0f59.58 £ 4.01 kg and, in the finishing phase, 55 pigs with
an initial weight of 61.70 + 3.29 kg and final weight of
90.27 +3.56 kg.

The experiments related to the growing and finishing
phases were carried out from October 2006 to January 2007.
The mean minimal temperatures recorded in the experimental
periodswere, respectively, 19.6 £ 2.4°Cand 20.5+1.5°C, and
the mean maximal temperatures were, respectively,
30.6+2.9°Cand 29.8+2.9°C. The values for meanair relative
humidity recorded in the experimental periods in the growing
and finishing phases were, respectively, 78.5 + 13.6% and
84.2+11.0°Cinthemorning and, respectively,51.7+12.7%
and 65.7 + 15.9% in the afternoon.

The animals were kept in brick barns with cement fiber
roofs. Each pen had a water drinking nipple and a semi-
automatic feeder, providing free access to the feed and the
water. The pens had shallow pools (0.8 x2.0 m) £10 cm deep
(0.8 x 2.0 m) and the water was renewed twice a week.

Five diets containing 0, 4, 8, 12 and 16% sticky coffee
hull silage were used. The diets were based on corn and
soybean meal (Table 1) and formulated to meet the NRC
(1998) requirements for pigs in the growing phase (30 to
60 kg body weight) and finishing phase (60 to 90 kg body
weight).
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The chemical and energy composition of the sticky
coffee hull silage (Table 2), obtained from the digestibility
test, was used for formulating the diets. The values of
crude protein, phosphorous and calcium were determined
for the other feedstuffs, such as corn and soybean meal,
considering the level of digestible energy, as given by
Rostagno et al. (2005).

The pigs were allocated in a completely randomised
design for five diets, in six replicates in the growing phase
and five replicates in the finishing phase. The experimental
unit consisted of a pen with two animals. However, in the
finishing phase, there was only one animal per pen. At the
end of the growing phase, the animals were randomly
reallocated to the experimental units and treatments for the
finishing phase. This ensured a balanced distribution for
each finishing treatment, avoiding concentrating animals
from a particular growing phase group.

Thedietsand animals were weighed at the startand end
ofthe experimentto calculate daily feed intake, daily weight
gain, and the feed:gain ratio for each experimental unit. At
the end of the finishing phase, backfat thickness and loin
depth at position P, were measured using Sono-Grader
equipment (Renco®).

Blood samples (Caietal., 1994) for subsequent plasma
ureanitrogen (PUN) analysis were collected at the beginning
(baseline) and at the end (final plasma urea nitrogen) of the
experimental period in the growing and finishing phases.
Levels of plasma urea nitrogen measured using the method
described by Marsh et al. (1965), and the baseline results
obtained at the beginning of the experiment were used as
co-variables in the statistical analysis of the final plasma
urea nitrogen.

At the end of the finishing phase, 50 pigs (five males
and five females from each group) were slaughtered. The
carcasses were refrigerated (at 1 to 2°C) for 24 h and
submitted to quantitative analysis in accordance with the
brazilian carcass grade methodology (ABCS, 1973).
Samples of the longissimus dorsi in the region of the 8t
and 10t vertebrae were extracted for qualitative analysis
of the carcasses and used in subsequent measurement of
intramuscular fat, thatis, marbling and drip loss, as described
by Bridi & Silva (2006). The longissimus dorsi and fat
areas were determined using a Tablet Running Spring
software (Camaraetal., 1996).

To evaluate the economic feasibility of sticky coffee
hull silage, market prices of raw materials were studied and
the cost of feed per kilogram of weight gain was calculated,
following Bellaver et al. (1985). The economic and cost
efficiency indicators were also calculated, following the
methodology proposed by Gomes et al. (1991). The prices
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Table 1 - Centesimal, energy and chemical composition of diets containing sticky coffee hull silage for growing and finishing pigs feeding

Item Sticky coffee hull silage levels, %
0 4 8 12 16
Growing phase

Corn 72.34 66.28 60.20 54.06 47.98
Sticky coffee hull silage - 4.00 8.00 12.00 16.00
Soybean meal 25.08 25.52 25.95 26.39 26.83
Soybean oil - 1.64 3.32 4.99 6.67
Limestone 0.39 0.34 0.30 0.26 0.22
Dicalcium phosphate 1.24 1.27 1.29 1.32 1.35
Comum salt 0.40 0.40 0.40 0.40 0.40
Mineral-vitamin premix! 0.40 0.40 0.40 0.40 0.40
Growth promoter? 0.05 0.05 0.05 0.05 0.05
L-Lysine HCL 0.10 0.10 0.09 0.09 0.09
DL-methionine - - - 0.04 0.01
Calculate® or analyzed? values

Metabolizable energy 3, kcallkg 3,362 3,360 3,360 3,360 3,360
Crude protein®, % 19.36 19.30 19.44 19.55 19.90
Calcium?, % 0.52 0.48 0.55 0.52 0.55
Total phosporus 3, % 0.48 0.48 0.48 0.48 0.48
Neutral detergent fiber 3, % 10.96 11.37 11.79 12.20 12.61
Acid detergent fiber 3, % 4.36 4.85 5.33 5.82 6.30
Caffeined, % - 0.017 0.034 0.050 0.067
Taninns3, % - 0.024 0.049 0.073 0.098

Finishing phase

Corn 77.93 72.20 66.04 59.87 53.89
Sticky coffee hull silage - 4.00 8.00 12.00 16.00
Soybean meal 19.99 20.33 20.83 21.34 21.65
Soybean oil - 1.43 3.12 4.79 6.47
Limestone 0.37 0.34 0.30 0.26 0.22
Dicalcium phosphate 1.10 1.09 1.11 1.14 1.17
Comum salt 0.40 0.40 0.40 0.40 0.40
Mineral-vitamin premix! 0.15 0.15 0.15 0.15 0.15
Growth promoter? 0.05 0.05 0.05 0.05 0.05
L-lysine HCL 0.01 0.01 - - -
Calculate® or analyzed* values

Metabolizable energy3, kcal/kg 3,710 3,600 3,600 3,600 3,600
Crude protein®, % 16.53 17.03 18.05 17.68 17.79
Calcium*, % 0.41 0.41 0.40 0.48 0.47
Total phosporus3, % 0.43 0.43 0.43 0.43 0.43
Neutral detergent fiber3, % 12.44 12.79 13.15 13.50 13.85
Acid detergent fiber3, % 4.24 4.73 5.22 5.71 6.20
Caffeine3, % - 0.017 0.034 0.050 0.067
Taninns3, % - 0.024 0.049 0.073 0.098

L vitamin and mineral premix for growing and finishing pigs; 2 Lincomicyn (30%); 3 Calculate based on Rostagno et al. (2005) and/or analyzed; #Analysis obtained at the

Laboratério de Nutrigdo Animal of the Universidade Estadual de Maringa.

of the raw materials used to calculate the costs of the
experimental diets were: corn grain, R$ 0.42/kg; soybean
meal, R$0.70/kg; soybean oil, R$ 3.20/kg; and sticky coffee
hull silage, R$0.33/kg.

The results for the studied variables were submitted to
analysis of variance is in accordance with the following
statistical model: Yij =u+N;+ eijs inwhich Yij =observed
value for the studied variables relating to each individual j,
receiving the level i of the sticky coffee hull silage;
u=general constant; N; = levels of sticky coffee hull silage
inthediets, inwhichi=0, 4, 8,12and 16%); &= random error
associated with each observation. The effect of gender was

included inthe model for PUN and carcass traits (S, = effect
of gender k (1 = male, 2 = female)). In addition, the level
effects were derived in orthogonal polynomialsto determine
the regression equations.

The quadratic model (derivation of the quadratic
equation) was applied to variables showing a quadratic
response (P <0.05) to the levels of sticky coffee hull silage
to define the bestinclusion level of sticky coffee hull silage.
The Dunnett test (Sampaio, 1998) was used to compare the
control diet results (without sticky coffee hull silage) to
each level of sticky coffee hull silage. The statistics software
SAEG (UFV, 1997) was used for the statistical analysis.
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Results and Discussion

The ensiling process reduced (on the dry matter basis)
the fiber fraction of the sticky coffee hulls by approximately
25% of the neutral detergent fiber and acid detergent fiber,
32% of the crude fiber, 27% of the cellulose, 23% of the
hemicellulose and 13% of the lignin, which may explain the
increase (24%) in the level of non-fibrous carbohydrates in
the sticky coffee hull silage (Table 2). Mitaru et al. (1984)
stated that the ensiling process, which involves the addition
of water and subsequent anaerobic incubation at 25°C,
removes up to 97% of the chemically detectable tannin.
These changes may explain some of the alteration in the
digestibility of the sticky coffee hull silage (Tables 3and 4)
and in the performance of the pigs (Table 5).

In general, ensiling did not improve (P>0.05) the
digestibility of the sticky coffee hulls inasmuch as the
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digestibility of some of the components, such as dry
matter, gross energy and organic matter, did not change
(P>0.05) (Table 3 and 4). However, the digestibility
coefficients of crude protein, neutral detergent fiber, acid
detergent fiber and crude fiber decreased. These results
do not supportthe initial hypothesis that ensiling might
improve the nutritional value of the sticky coffee hulls.
Similar results were obtained for soybean hulls by
Quadros et al. (2007), who observed that ensiling did not
affect the digestibility of dry matter, organic matter and
gross energy of this by-product.

The addition of enzymatic-bacterial inoculant did not
improve the utilisation of the fibrous fraction of the sticky
coffee hulls as expected inasmuch as the digestibility of
the fibrous components and crude protein was lower
(P<0.05) than inthe sticky coffee hulls (Tables 3and 4). The
characteristics of the by-product, the changes that occured

Table 2 - Chemical, energetic and physical composition of sticky coffee hull and sticky coffee hull silage

Item Sticky coffee hull Sticky coffee hull silage
Fed basis Dry matter Fed basis Dry matter

Dry matter, % 88.80 100 67.48 100
Gross energy, kcal/kg 3,766 4,241 2,882 4,251
Crude protein, % 8.69 9.79 6.75 10.01
Lysine, % 0.19 0.21 0.14 0.21
Methionine + cystine, % 0.17 0.19 0.13 0.19
Calcium, % 0.27 0.30 0.18 0.27
Total phosporus, % 0.10 0.11 0.10 0.15
Ash, % 5.70 6.42 4.58 6.79
Organic matter % 82.70 93.40 62.84 93.14
Ether extract, % 0.59 0.66 1.04 1.89
Neutral detergent fiber, % 34.47 38.82 21.78 32.27
Acid detergent fiber, % 23.25 34.45 18.19 26.96
Crude fiber, % 20.06 22.59 10.50 15.56
Total carbohydrates , % 73.82 83.13 54.87 81.31
Nonfiber carbohydrates, % 39.35 44.31 33.09 49.04
Cellulose, % 22.39 25.21 12.36 18.32
Hemicellulose, % 3.88 4.37 3.58 5.31
Lignin, % 5.67 6.39 3.76 5.57
Caffeine, % 0.50 0.56 0.42 0.62
Taninn, % 1.06 1.19 0.61 0.90
pH 4.51 - 4.32 -
Geometric mean diameter, um 1,784 - 2,062 -

Table 3 - Apparent digestibility coefficients (DC), metabolization coefficient (MC) of nutrients of sticky coffee hull and sticky coffee

hull silage used on growing-finishing pigs feeding?®

Coefficients, % Sticky coffee hull Sticky coffee hull silage sD?

DC of dry matter 60.13a 55.02a +4.86
DC of gross energy 56.90a 49.87a +5.31
MC of gross energy 54.43a 47.30a +8.74
DC of organic matter 61.28a 54.02a +5.51
DC of crude protein 38.83a 15.00b +13.01
DC of neutral detergent fiber 54.77a 36.66b +10.43
DC of acid detergent fiber 58.35a 39.01b +10.45
DC of crude fiber 55.39a 33.78b +12.18

1DC values with different letters in the same row differ (P<0.05) by F test; 2Standard deviation.
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Table 4 - Digestible values of nutrients of sticky coffee hull and sticky coffee hull silage used on growing-finishing pigs feeding

Digestible nutrients

Sticky coffee hull

Sticky coffee hull silage

As fed basis Dry matter As fed basis Dry matter

Dry matter (%) 53.40 - 37.13 -

Digestible energy (kcal/kg) 2,143 2,413 1,431 2,120
Metabolizable energy (kcal/kg) 2,050 2,308 1,357 2,011
Organic matter (%) 50.82 57.23 46.15 50.31
Crude protein (%) 3.38 3.80 1.01 1.50
Neutral detergent fiber (%) 18.88 21.26 7.98 11.83
Acid detergent fiber (%) 17.85 20.10 7.10 10.52
Crude fiber (%) 11.11 12.51 3.55 5.26

during fermentation, and the addition of the inoculant
probably reduced the quality of the fibers (Rodriguesetal.,
2005), reducing the digestibility of the nutrients in the
fibrous fraction of the sticky coffee hull silage. A reduction
of approximately 12% in the value of the digestible energy
from the sticky coffee hull silage (in the dry matter) when
compared to that of the non-ensiled hulls is possibly due to
the reduction in fiber quality.

Fibrous feeds may increase the excretion of metabolic
and microbial nitrogen in pigs, reduce the availability of
nitrogen and other nutrients and increase the excretion of
nitrogen and other bound nutrients or those physically
shielded from enzymatic action (Stanogias & Pearce,
1985a,h).

The digestibility results for sticky coffee hull silage are
lower than those obtained by Ferreiraetal. (1997), Santos
et al. (2005) and Poveda Parra et al. (2008) for digestible
energy (2,843,2,799, and 2,498 kcal/kg respectively) and for
the digestibility coefficient for crude protein (45.68, 53.80,
and 65.54% respectively). Similarly, the values found are
lower than those reported by Ferreiraetal. (1997), Oliveira
etal. (2002) and Santos et al. (2005) for digestible dry matter
(61.02, 65.65, and 65.5% respectively) and metabolizable
energy (2,694, 2,320, and 2,684 kcal/kg respectively).

Inexperiment 2 (Table5), the performance of the animals
and the concentrations of PUN in the growing phase were
not influenced (P>0.05) by the levels of sticky coffee hull
silage, probably because the diets were isoenergetic, as
soybean oil had been added to correct the energy deficiency.
In the same way, synthetic amino acids (lysine and
methionine) were added (Table 1), which isreflected in the
similar values for PUN (P>0.05), showing that the protein
quality of the diets was similar (Coma et al., 1995) for the
different levels of sticky coffee hull silage.

The results for daily feed intake met the expected result,
possibly because the diets with a higher percentage of
sticky coffee hull silage showed the best palatability, in
proportion to the soybean oil added to the diet and the
reduction in the tannins in the sticky coffee hull silage
(Table 2), which may have contributed to make the feeds
more acceptable by the pigs. These results differ from those
obtained by Oliveiraetal. (2001), Oliveiraetal. (2002) and
Poveda Parraetal. (2008), who provided coffee hullsto pigs
in the growing and finishing phases and found a reduction
in fed intake and weight gain. According to these authors,
the greater quantity of fiber in the feed and the presence of
tannins and caffeine may produce a bitter taste that directly
influences digestibility and palatability.

Table 5 - Performance and carcass traits® of growing-finishing pigs fed on diets with sticky coffee hull silage

Item Sticky coffee hull silage levels, % Mean Standard Regression?
deviation
0 4 8 12 16

Growing
Daily feed intake (kg) 1.919 1.834 1.831 1.742 1.703 1.806 +0.26 L:0.13
Daily weight gain (kg) 0.823 0.744 0.775 0.764 0.738 0.769 +0.08 L:0.14
Feed:gain ratio 2.340 2.456 2.361 2.274 2.312 2.349 +0.23 0.99
Plasma urea nitrogen (mg/dL) 15.06 14.45 14.73 14.27 13.85 14.48 +2.57 0.99

Finishing
Daily feed intake (kg) 2.466 2.479 2.352 2.403 2.266 2.393 +0.21 L:0.06
Daily weight gain (kg) 0.811 0.808 0.778 0.831 0.803 0.806 +0.07 0.99
Feed:gain ratio 3.050 3.071 3.033 2.903 2.836 2.979 +0.21 L:0.03
BT - P2 (mm) 10.70 10.40 10.90 10.20 10.89 10.61 +2.09 0.99
Loin depth (mm) 55.90 54.80 55.10 52.80 54.11 54.55 +5.41 0.99
Plasma urea nitrogen (mg/dL) 15.19 14.28 15.06 14.92 14.78 14.85 +1.87 0.99

1BT - P2 = Backfat thickness in position 2; 2 Levels of significance by F test in regression analysis: L = Linear effect; Feed to gain ratio = 3.1358 — 0.01490853X.
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As expected, the results obtained in the finishing phase
were similar to those in the growing phase (Table 5). In this
phase, only the feed:gain ratio improved linearly as the level
of sticky coffee hull silage increased. This response might
have been influenced by the addition of soybean oil to the
experimental diets in proportion to the increase in the level
of added fibrous feed to overcome the energy deficiency
resulting from the addition of sticky coffee hull silage, aresult
similar to that reported by Quadros et al. (2008) in a study of
soybean hulls provided to pigs in the growing phase.

Except for backfat thickness and marbling score, none
of the other carcass traits (Table 6) were influenced (P>0.05)
by the addition of sticky coffee hull silage. The backfat
thickness and marbling score varied quadratically (P<0.05)
with the inclusion of sticky coffee hull silage, and the levels
of 8.4 and 7.8% resulted in the least backfat and marbling
score, respectively. This response can be explained by the
fact that the sticky coffee hull silage is a low-energy
fibrous food, which may have led to a small reduction in
energy consumption and influenced the carcass traits,
resulting in a lower amount of fat, without effecting daily
weight gain, and even improving the feed:gain ratio
(Table5). Accordingto Gomesetal. (2007), this reduction
in body fat and increase in muscle mass improves the
quality of the carcass, even though they are commonly
associated with lower body weight gain, which did not
occur inthis experiment (Table 5).

Table 6 - Carcass traits of pigs fed diets with sticky coffee hull silage
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The results obtained in this study are similar to those
found by Oliveiraetal. (2002), who evaluated sticky coffee
hulls for pigs in the finishing phase and found a quadratic
response in the percentage of fat and backfat thickness at
P, position. On the other hand, Pond et al. (1988) and
Quadros et al. (2008) used fibrous foods (alfalfa hay and
soybean hulls, respectively) and obtained a linear
reduction in backfat thickness.

Empty stomach weightincreased linearly (P<0.05) as
sticky coffee hull silage increased, which suggests greater
development of the stomach with the greater volume of
feed intake when sticky coffee hull silage was included in
the diet. Gomes et al. (2006) found the gastrointestinal
tract to be heavier and the empty stomach weight to be
greater in pigs fed diet containing 8% neutral detergent
fiber. Results obtained by other authors (Pond etal., 1988;
Pond & Varel, 1989) confirm the effect of fiber on the
weight of the digestive organs, such as the liver, kidneys,
empty stomach, cecum and colon.

Theresults of the economic analysis (Table 7) showed
alinear increase (P<0.05) in the cost of feed per kilogram
of weight gain as the levels of sticky coffee hull silage
increased in the diets of pigs in the growing and finishing
phases.

In both phases, levels of 12 and 16% of sticky coffee
hull silage raised the cost of the feed (per kg of live weight
gain) in comparison with the levels 0, 4, and 8%. This

Item Sticky coffee hull silage levels, % Mean Standard  Regression
deviation
0 4 8 12 16

Carcass traits
Slaughter weight (kg) 87.49 88.11 87.89 87.33 87.34 87.64 +4.360 0.99
Fasting losses (%) 2.91 3.54 3.53 3.73 3.75 3.49 +1.036 L:0.07
Hot carcass weight (kg) 73.27 73.54 73.33 73.65 72.93 73.34 +3.950 0.99
Hot carcass yield (%) 83.73 83.44 83.45 83.85 83.48 83.59 +1.165 0.99
Cold carcass weight (kg) 70.53 70.94 70.74 70.79 70.37 70.68 +3.869 0.99
Cold carcass yield (%) 80.60 80.50 80.51 80.66 80.55 80.57 +1.341 0.99
Loss of yield (%) 3.73 3.52 3.53 3.80 3.50 3.62 +1.102 0.99
Ham vyield (kg) 32.49 32.22 32.74 32.35 30.84 32.15 +1.492 Q:0.07
Ham weight (kg) 11.45 11.41 11.57 11.39 10.86 11.35 +0.709 Q:0.12
Backfat thickness (cm) 2.70 2.31 2.45 2.27 2.63 2.47 +0.366 Q:0.01
Carcass length (cm) 89.85 90.14 90.33 91.19 90.87 90.46 +2.161 L:0.15
Eye loin area (cm) 41.94 41.52 42.35 41.89 39.55 41.49 +4.579 0.99
Lean meat in the carcass (kg) 59.04 59.92 59.07 59.75 57.38 59.07 +4.536 0.99
Percentage of lean meat in the carcass (%) 80.54 81.67 80.73 81.80 78.56 80.70 +5.874 0.99
Lean:fat ratio 0.43 0.36 0.42 0.36 0.40 0.40 +0.119 L:0.15
Drip loss (%) 1.62 2.20 2.76 2.22 2.34 2.23 +1.52 Q:0.28
24-h post mortem pH 5.65 5.66 5.66 5.56 5.62 5.63 +0.197 0.99
Marbling score 2.25 1.95 1.75 1.55 2.06 1.91 +0.626 Q:0.04
Abdominal fat (kg) 1.17 1.07 1.09 1.02 1.09 1.09 +0.239 L;0.22
Small intestine weight (kg) 1.246 1.349 1.349 1.284 1.371 1.319 +0.132 L:0.21
Large intestine weight (kg) 1.073 1.064 1.205 1.042 1.091 1.095 +0.143 Q:0.25
Empty stomach weight (kg) 0.383 0.377 0.430 0.412 0.423 0.407 +0.040 L:0.01

L = linear effect, Empty stomach weight = 0.386232 + 0.0026344X; Q = Quadratic effect, Backfat thickness = 2.67681 — 0.088012X + 0.00520290X2-, Marbling score =

2.29837 — 1.608804 X + 1.02554496 X2,
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Table 7 - Economic analysis of using sticky coffee hull silage on growing-finishing pigs feeding

Item Sticky coffee hull silage levels, % Standard Dun  Regression
deviation
0 4 8 12 16

Growing
Initial weight (kg) 32.63 32.47 32.68 32.48 32.33
Final weight (kg) 61.36 58.99 60.07 59.44 58.04
Diet cost (R$/kg) 0.502 0.514 0.526 0.541 0.552
Feed cost per kg of body weight gain (R$/kg gain) 1.240 1.403 1.452 1.506* 1.630* +0.19 0.01 L: 0.01
Economic efficiency index 100 88.07 85.06 82.04 75.79
Index cost 100 113.54 117.57 121.89 131.94

Finishing
Initial weight (kg) 62.15 62.11 62.55 60.75 60.93
Final weight (kg) 91.12 91.30 90.84 90.53 87.55
Diet cost (R$/kg) 0.345 0.364 0.387 0.411 0.434
Feed cost per kg of body weight gain (R$/kg gain) 1.522 1.646 1.759 1.814* 1.973* +0.21 0.05 L:0.01
Economic efficiency index 100 92.48 86.53 83.91 77.16
Index cost 100 108.13 115.56 119.18 129.61

L = linear effect (Growing phase = 1.26667 + 0.0223046X; Finishing phase = 1.52891 + 0.0267412X). *Different value (P>0.05) compared to the diet without coffee hull.

response is probably related to the need to add oil, a high
cost feedstuff, to the diets.

While the use of sticky coffee hull silage at levels of up
t0 16% and 8.4% is not harmul to the performance and to the
carcass traits of pigs (30 to 90 kg), respectively, its use
increases the cost of the diet by 21 and 31% in the growing
phase and between 19 and 29% in the finishing phase.
However, if the relationship between the price of sticky
coffee hull silage and the other feedstuffs (corn, soybean
meal, soybean oil, and sticky coffee hull silage) improves,
the use of this by-product in the composition of the diet may
become economically feasible.

Conclusions

Ensiling does not improve the digestibility of the
nutrients in sticky coffee hulls for growing-finishing
pigs. The metabolizable energy values (as-fed-basis) of
sticky coffee hull and sticky coffee hull silage are 2,050
and 1,357 kcal/kg, respectively. Using up to 16% sticky
coffee hull silage does not impair performance of
growing and finishing pigs, while producing leaner
carcasses. However, the economic feasibility of its use
depends on the price relationship among the feedstuffs,
in particular corn and soybean oil (or another energy
source).
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