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AssTRACT: The nutritive value and potential use of sun-dried grape pomace (g/kg as fed: 140 of crude protein (CP), 529
of neutral detergent fibre (NDF), 460 acid detergent fibre, 293 acid detergent lignin) for fattening rabbits was studied by
comparing 3 experimental diets containing a low but increasing incorporation rate of grape pomace (GP): 0% (control,
GPO0), 3% (GP3), and 6% (GP®6) in substitution to the control diet (251 g NDF and 175 g CP/kg) formulated with raw
materials available in the area of Tiaret (Algeria): barley, wheat bran and straw, soybean meal and faba bean. Three
groups of 30 rabbits (individually caged) were fed ad libitum the three diets from weaning (35 d, mean weight 460+83
g) to 77 d of age. The dry matter digestibility was obtained from total and individual faecal collection on all animals (3
x 30), during four consecutive days each week from 42 to 77 d of age. Then, faeces from 10 rabbits per group were
selected for nutrient analyses. Intake and weight gain were recorded twice a week during the whole fattening period.
Incorporating 3 or 6% of GP in a low fibre diet impaired from 35 to 77 d growth rate (-8.8% for GP3 and GP6 vs. GPO,
P<0.01), feed conversion (+8.5% for GP6 vs. GP0, P<0.01), and dressing out percentage (-2.5% for GP3 and GP6 vs.
GPO, P<0.001). The digestibility of organic matter was linearly reduced from 72.8 to 70.0% with the GP incorporation
rate (P<0.01), while crude protein digestibility remained unaffected and averaged 78.7%. The predicted nutritive value
of sun-dried GP calculated by regression was high but highly variable for digestible energy (9.33+2.01 MJ DE/Kg,
raw basis), and particularly for the digestible protein content (81.8+77.2 g DCP/kg). Thus, the sun-dried whole grape
pomace could be considered as an alternative fibre source for the rabbit feeding in Magrebian area.
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INTRODUCTION

Valorisation of agricultural by-products in animal feeding provides new low-cost raw materials for animal
feeding. It is especially interesting for fibrous feedstuffs due its limited availability for rabbit diets in
many countries. Its use also contributes to reduce the vegetal wastes and to protect environment. For
instance, in the Algerian context, grape producers reject large quantities of grape marc (in 2005, about
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1500 t for the west region of Algeria). Because of the high water content of the grape pomace (GP) a
drying process is necessary to store this raw material and allow a further use in animal feeding. In the
Magrebian area, a low cost, effective and simple process consist simply to dry the product under the
sun. Since the grape marc is a product readily available in large quantities in the west regions of Algeria,
it could be used for animal feeding, and particularly for herbivorous, since this type of raw material is
known to for its high tannin, fibre and lignin concentration (FEDNA, 2003; INRA, 2004). Therefore, this
product could be an interesting source of fibre and lignin, particularly for the rabbit feeds for which fibre
sources are difficult to obtain by feed manufacturers in Magrebian area. In addition, this type of products
is classically used at low incorporation levels in pelleted feeds, essentially to limit potential adverse
effects on growth. However, the digestible energy (DE) value of the GP, produced in Europe and dried by
heating, for the growing rabbit is highly variable, and could range from 1.67 (Martinez and Fernandez,
1980) to 7.61 DE MJ/kg (Motta Ferreira et al., 1996), being this difference partially explained by the
method used to determine nutritive value (Villamide et al., 2003). Furthermore, the drying process may
modify the nutritive value of the product. This study thus aimed to estimate the nutritive value of sun-
dried GP, for low dietary incorporation rates. We also aimed to describe the effects of sun-dried GP on
intake and growth for the rabbit bred under Magrebian context.

MATERIALS AND METHODS

Experimental design and feeds

The trial was conducted during August and September 2006 in the rabbit unit (farm mean temperature
ranging from 28 to 34°C) of the experimental farm of the Faculty of Agronomic and Veterinary Sciences
(University of Tiaret, Algeria). Chemical analyses were conducted at INRA of Toulouse (UMR 1289
TANDEM).

One batch of whole grape pomace was collected from one cave (“Wilis”, Mostaganem, west Algeria) and
sun-dried for 7 d. The grape pomace was obtained from a mixture of four varieties of grapes (Cinsault,
Carignan, Alicante and Grenache). A total of 600 kg of whole grape pomace was sun-dried to obtain 270
kg of dried grape pomace containing 9% of water. The composition of this product was reported in the
Table 1. Three experimental pelleted feeds containing an increasing incorporation rate of grape marc were

Table 1: Chemical composition of the sun-dried grape pomace and comparison with values found for heat-
dried grape pomace in some feedstuffs tables.

Grape pomace EGRAN? FEDNA INRA
g/kg as raw basis sun-dried! (2002) (2003) (2004)
Dry matter 908 918 918 918
Crude ash 111 83 58 84
Crude protein (Nx6.25) 140 119 112 131
Neutral detergent fibre 529 571 571 571
Acid detergent fibre 460 490 505 481
Acid detergent lignin 293 306 315 322
Digestible protein - 0 80 0
Gross energy, MJ/kg 15.96 - - 17.28
Digestible energy, MJ/kg - 5.12 3.77 5.10

'Used in the present study. > Maertens et al. (2002).
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Table 2: Ingredient and chemical composition of experimental diets.

Ingredient, % as fed GPO GP3 GP6
Grape pomace sun-dried 0 3 6
Barley 26.00 25.20 24.39
Wheat bran 44.00 42.64 41.28
Soybean meal 15.00 14.54 14.07
Faba bean 2.00 1.94 1.88
Wheat straw 10.00 9.69 9.38
DL-Methionin 0.54 0.54 0.54
Sodium chloride 1.00 1.00 1.00
Vitamin/mineral premix' 1.46 1.46 1.46
Chemical composition, g/kg, as raw basis
Dry matter 918 919 920
Crude ash 72 64 69
Crude protein (Nx6.25) 175 169 176
Neutral detergent fibre 251 269 279
Acid detergent fibre 82 101 104
Acid detergent lignin 18 33 33
Gross energy, MJ/kg 15.30 15.59 15.58

"Provided by Bouhzila S. A (Sétif, Algeria). Mineral and vitamin composition (g/kg premix): Se, 0.025; Mg, 5; Mn, 7.5; Zn, 7.5;
I, 0.12; Fe, 3.6; Cu, 2.25; Co, 0.04; thiamin, 0.1; riboflavin, 0.45; calcium d-pantothenate, 0.6; pyridoxine, 0.15; biotin, 0.0015;
nicotinic acid, 2; choline chloride, 35; folic acid, 0.4; vitamin K, 0.2; dl-a-tocopheryl acetate, 1.35; biotin, 0.0015; folic acid, 0.04;
cyanocobalamin, 0.0006; vitamin A, 850000 IU; vitamin D3, 170000 IU.

prepared by substituting the basal diet, without minerals and premix, with 0, 3 or 6 % of grape marc (GPO,
GP3, GP6, respectively; Table 2). Mineral and premix were added to all diets at a fixed amount of 3%.
The basal mixture was prepared with feedstuffs available in the area of Tiaret, and formulated to reach a
level of protein close to recommendations (Table 2, Gidenne, 2000; Lebas, 2004). However, following
the substitution method to determine the nutritive value of an ingredient, the chemical composition of
the feeds were not balanced for the incorporation of sun-dried GP. Since fibre sources were scarce in
this area, a basal mixture with low fibre levels was formulated (about 10% ADF), in comparison to
levels recommended in European conditions to reduce the risk of digestive troubles (Gidenne, 2003). No
antibiotics were added to the feeds or in the water.

Animals and Measurements

A total of 90 rabbits, belonging to the local Algerian population (Zerrouki et al., 2005, 2007; Lakabi-
Ioualitene et al., 2008), were weaned and allotted at 35 d of age (mean weight: 460483 g), to the three
experimental diets (30/diet). They were bred in individual wired metabolism cages (56x38x28 cm) till
77 d old. Water and experimental diets were given ad libitum from weaning (35 d) to slaughter (77 d).

To obtain a higher precision in the measure of the dry matter digestibility, and thus to compensate the
low incorporation rate of the grape marc in the feed (Villamide, 1996), the faeces were collected totally
and individually from 42 to 77 d old, each week during 4 consecutive days. Then the facces were dried
and weighed and dry matter (DM) digestibility was calculated individually for all animals (30/diet),
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Table 3: Effect of grape pomace (GP) dietary level' on feed intake and growth of rabbits.

Experimental diets GPO GP3 GP6 SEM? P-value
No. 25 24 24
Period 35-49 d
Live weight at 35 d (weaning), g 477 470 424 93 0.013
Live weight at 49 d>* g 757¢ 732 706" 13 0.020
Daily weight gain, g/d 21.1 19.4 18.4 0.88 0.093
Daily intake, g/d 48.5* 41.9° 43.8° 1.28 0.002
Feed conversion, g/g 2.38 2.26 2.44 0.091 0.43
Period 49-77 d
Live weight at 77 d (slaughter), g 14472 1330° 1339° 20 <0.001
Daily weight gain, g/d 2492 21.5% 22.2%® 0.62 <0.001
Daily intake, g/d 79.32 73.2° 78.22 1.38 0.006
Feed conversion®, g/g 3.23¢ 3.42%® 3.55° 0.074 0.012
Period 35-77 d
Daily weight gain, g/d 23.6% 20.8° 20.9° 0.48 <0.001
Daily intake, g/d 69.0* 62.8° 66.7® 1.15 0.001
Feed conversion®, g/g 2.952 3.03® 3.20° 0.056 0.007
Dressing out percentage®® % 57.9¢ 56.0° 55.3° 0.42 <0.001

'GPO0: experimental diet with 0% of grape pomade, GP3: experimental diet with 3% of grape pomade, GP6: experimental diet with
6% of grape pomade. 2SEM: standard error of the mean. * Weights at 49 and 77 d were analysed according to the covariate “weight
at 35 d”, and least square means are presented. *Eviscerated carcass, but with liver, heart, lungs, kidney, head and extremities without
sleeves; weighed 15 min after the slaughter. ° Significant linear effect (P<0.05) of level of inclusion of GP.

Mean values in the same row with a different superscript differ at P<0.05.

as proposed by Perez et al. (1995). Thus, the digestibility coefficients corresponded to the mean value
measured on the 42-77d period. Then for each group, ten samples of faeces centered on the mean DM
digestibility of the group, were selected for nutrient analyses (crude protein (CP), gross energy, ash,
neutral detergent fibre (NDF) and acid detergent fibre (ADF)). Intake and weight gain were registered
twice a week from 35 to 77 d, while the health status was checked daily. At slaughter, the hot carcass was
weighed after evisceration, but with liver, heart, lungs, kidney, head and extremities without sleeves. The
chemical analyses were performed at INRA (UMR 1289 TANDEM) on diets, faeces (10 per group) and
on the grape pomace studied, according to ISO methods and considering the recommendations proposed
by the EGRAN group (EGRAN, 2001): dry matter (ISO 6496:1999), crude ash (ISO 5984:2002), crude
protein (N*6.25, Dumas method, ISO 16634-2:2009), energy (ISO 9831:1998) and fibres (NDF, ADF
and acid detergent lignin (ADL)) according to sequential method of Van Soest (AFNOR 1997, ISO
16472:2006 and ISO 13906:2008).

Statistical analyses

Data were analyzed as a completely randomized design with type of diet as the main source of variation by
using the GLM procedure of SAS software (OnlineDoc®, SAS Inst., Cary, NC). Means comparison were
done by using the test of Scheffe. However, since at weaning the live weights were relatively variable and
almost different between GP6 and the two other groups (Table 3), a covariance analysis for the weights at
49 d and at slaughter (77 d) was performed. In addition, the linear effect of GP incorporation was analysed
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with the REG procedure of SAS. The nutritive value of grape pomace has been calculated according to
the regression method described by Villamide ef al. (2001).

RESULTS AND DISCUSSION

Grape pomace composition and experimental feeds

The grape pomace (GP) has a high cell-wall content and a high concentration in klason lignin. Besides,
it has an appreciable amount of condensed tannins (21 g/kg DM) and phenolic tannin (45 g/kg DM;
Baumgirtel et al., 2007) that could lead to overestimation of lignins according to the sequential Van-Soest
procedure (Van-Soest ef al., 1991). The comparison of the FEDNA and INRA tables (Table 1) indicated
that the grape pomace is a by-product with a large variability in its chemical composition (e.g. for ash
or protein content), but also in the estimated values for digestible energy (3.77 to 5.12 MJ/kg) and more
particularly for digestible protein (0 to 80 g/kg). The chemical analysis of our grape pomace (Table 1)
gave values close to those INRA tables (2004), except a higher value for crude ash (+30%) that partially
explained the lower value for gross energy (—8%). The level of crude protein was also higher but remained
close (+8.4%) to the product mentioned in the INRA tables (2004). These moderate discrepancies among
the values reported in feeds tables and our product ranged within classical variations reported by previous
authors (Fraga et al., 1991; Fernandez-Carmona et al., 1996; Motta Ferreira ef al., 1996), and associated
with the variety of pressed grape, agricultural conditions, and technological treatment of the pomace
(Carabaiio and Fraga, 1992).

A moderate incorporation of grape pomace in the feed increased the NDF and ADF concentration (Table
2), but more especially that of ADL, since it is the main interest of this product: to provide lignin in
order to cover the requirements for the growing rabbit (Nicodemus et al., 1999; Gidenne et al., 2001).
In return, the concentration in crude protein remained similar among the three experimental feeds. In
fact, compared to the grape pomace studied by Fraga et al. (1991) or by Motta Ferreira et al. (1996), our
product contained higher amount of crude protein (14%) and lower amount of NDF or ADF.

Health status, intake and growth of animals

Since our feeds were not balanced for GP incorporation, this trial was not properly designed to evaluate
the effects of sun-dried GP on rabbit performance and health. However, our results supplied some valuable
information for further experiments in this area. Globally, throughout the experiment, the health status of
rabbits was relatively good since only 14 rabbits died out of 90 (no antibiotic treatment during the trial),
and no effect of the diet was detectable (4/30, 5/30, 5/30 for GP0, GP3 and GP6 respectively).

The moderate incorporation of grape pomace (3 to 6%) linearly decreased the live weight (P=0.02;
Table 3) two weeks after weaning (—6.7% from 0 to 6% incorporation of GP). This is associated to a
11.6% lower feed intake for feeds containing grape pomace (P<0.05), although their NDF content was
higher. Consequently, the post-weaning feed conversion did not differ significantly among the groups.
This highlights a potential negative effect of GP incorporation possibly due to appetency problems for
the young rabbit after weaning. In return, during the finishing growing period (49-77 d), rabbits fed GP3
diet had a lower feed intake and growth rate compared to GPO (P<0.05), while animals fed the GP6 diet
showed a similar feed intake than GPO diet but an intermediate growth rate between GP3 and GPO0. As
a consequence, the feed conversion increased linearly (P<0.05) with GP incorporation from 49 to 77 d
of age. For the whole fattening period, the growth rate was only 9 % lower with feeds containing the GP
(P<0.05), indicating a global impairment effect on rabbit growth for the sun-dried grape pomace, even
at a low level of incorporation. The feed conversion increased linearly (P<0.05) with GP level. It seems
logical taking into account the higher fibre level of GP diets and their lower nutrient digestibility (Table
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Table 4: Effect of grape pomace (GP) dietary level' on faecal digestibility coefficients (%) and nutritive value of
experimental diets in growing rabbits between 42 and 77 d of age.

Experimental diets GPO GP3 GP6 SEM? P-value
Digestibility coefficients (%)
Dry matter (DM)? 72.7 72.0° 69.9° 0.26 <0.001
Organic matter (OM)? 72.8° 72.0° 70.0° 0.25 <0.001
Energy 71.7¢ 71.6° 69.8° 0.29 0.001
Crude protein 78.6% 79.3¢ 76.5° 0.74 0.037
Neutral detergent fibre 34.6 36.0 32.6 0.97 0.057
Acid detergent fibre 13.6 14.4 12.4 1.24 NS
NNCC*? 93.2 93.2 93.5 0.46 0.094
Dietary nutritive value
DP (g/kg raw basis)® 137 134 134 0.13 0.12
DE (MJ/kg raw basis)’ 10.98° 11.18 10.89° 0.04 0.002
Ratio DP/DE (g/MJ, raw basis) 12.62° 12.04* 12.50° 0.09 0.018

'GPO0: experimental diet with 0% of grape pomade, GP3: experimental diet with 3% of grape pomade, GP6: experimental diet with
6% of grape pomade. 2 SEM: standard error of mean. *Number of rabbits at the end of the experimental period for DM and OM
digestibility were 26, 25 and 25 for GP0, GP3, GP6 respectively. Means from 10 samples per group selected for chemical analyses.
“NNCC (non nitrogenous cellular content}=OM — CP — NDF. *Significant linear effect (P<0.05) of level of inclusion of GP. °DP:
digestible crude protein. 'DE: digestible energy.

Mean values in the same row with a different superscript differ, £<0.05; NS: P>0.15.

4). Similarly, Schurg et al. (1980) reported an increase in feed conversion, but for higher GP incorporation
rates (5-50%). Besides, we detected also a negative linear impact (P<0.05) of the GP on the dressing out
percentage, that may originate in the higher fibre content of the GP3 and GP6 feeds. This effect of GP on
dressing out percentage should be confirmed with balanced diets not differing in chemical composition
but containing increasing GP levels.

Nutritive value of the grape pomace

Let us recall that we choose to evaluate the nutritive value of GP for low incorporation rates in the feed
that are the most probable rates for the feed industry. Obviously, as described by Villamide (1996) and
Villamide et al. (2001) the incorporation of feed ingredients at a low level (< 10%) leads to a lower
precision in the estimated nutritive value, particularly if measured on a low number of animals and on a
short period (4 d as recommended by Perez ef al., 1995). Thus, we tried to compensate it by measuring on
a high number of animals and by a longer period of measurement (42 to 77 d), to obtain a mean nutritive
value for the whole growth period after a two weeks of adaptation. In fact, we obtained a low variability
in the measurement of dietary DM and organic matter (OM) digestibility (coefficient of variation of 2.7
and 1.1% respectively), supporting the good precision of these measurements, similar to those obtained
in more standardised environment such in European research units.

Since the grape pomace has a high concentration in lignin (Table 1), the dietary NDF and ADL level
increased sharply with GP incorporation (Table 2), and could explain the negative effect on digestive
efficiency for DM, OM or energy (Table 4, Gidenne and Perez, 1994). However, the negative effect of
GP on protein and energy digestion appeared significant only for a 6% incorporation rate. For instance,
decrease in CP digestibility was previously observed in rabbits using GP, but with diets containing
higher GP levels (Martinez and Fernandez, 1980; Parigi-Bini and Chiericato, 1980; Maertens and de
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Figure 1: Digestible energy (DE) concentration of
experimental diets according to the grape pomace
(GP) incorporation rate [DE (MJ/kg)=11.054—-0,0172
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Figure 2: Digestible protein (DP) concentration of
experimental diets according to the grape pomace
(GP) incorporation rate [DP (g/kg)=136,8 -0,55 GP
(%); rsd=0.079; R*=0.110; P=0.078, P<0.001 for
slope and intercept respectively].

Groote, 1984; Pérez de Ayala et al., 1991; Motta Ferreira et al., 1996). Thus, effect of grape pomace on
rabbit digestion seemed to be largely modulated by their dietary incorporation rate. It is in agreement
with literature, since grape pomace is characterized for its high content in tannins, and complexes with
dietary proteins are formed and led to a lower digestion. Also, the proteolytic and fibrolytic capacity of
micro-organisms could be impaired, as shown for ruminants (Waghom et al., 1987; Magnier, 1991) that
contributes to reduce the feed efficiency.

Using the digestibility coefficient for energy and protein obtained on the three feeds, we obtained the
equation to predict by the regression method the digestible energy and protein of sun-dried grape pomace
(Figures 1 and 2). Accordingly, and using the calculation procedure proposed by Villamide ef al. (2001),
the digestible energy concentration of the sun-dried grape pomace reached a value of 9.33+£2.01 MJ/
kg (raw basis, Figure 1). Using the difference calculation method, with diets GPO and GP6, we found
a similar value of 9.23 MJ/kg. The energetic value of our sun-dried grape pomace was 2 MJ over that
proposed by Motta Ferreira et al. (1996) for a more fibrous GP (58.2 vs. 63.2 % NDF, and 32.2 vs. 37.4 %
ADL, on DM basis), and even higher than those proposed in tables: from 3.08 (Maertens and De Groote,
1984) to 5.12 MJ/kg (EGRAN tables, Maertens et al., 2002; see also Table 1). The standard error for the
predicted value was here relatively high+2.01 MJ/kg (22%), mainly because the GP incorporation rate
was low (Villamide, 1996). Nevertheless, we assumed that our product presented a higher energetic value
than usually proposed, since its proteic content was higher and its fibre content was lower than in current
European tables of ingredients. Moreover, we used a low incorporation level in the feed (close to the
common practice) that probably avoid any major antinutritionnal effect from tannins or other components.
Besides, previous studies on the grape pomace also reported high variability in estimating the energetic
content even for higher incorporation rates (Motta Ferreira et al., 1996).

Similarly, the digestible protein content (DPC) of the sun-dried GP reached a relatively high level of
81.8+77.2 g DCP/kg (see equation on Figure 2), that was similar to the value proposed in FEDNA tables
(2003). However, our estimation was associated to a high standard error for the predicted value, since
few variations of protein digestibility were here registered and since we choose to estimate the GP value
for low incorporation rate (as used in practical conditions). Using the difference calculation method
(between GPO and GP6), the DCP content of the sun-dried GP was quite similar: 78.9 g DCP/kg. Likewise
for energy, the literature for the digestible protein content of grape pomace is not consistent, although
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frequently the incorporation of grape pomace led to a significant decrease of protein digestion, but for
higher incorporation rates than here.

Besides, we should also consider than our control experimental feed contained a low level of fibre respect
to classical European recommendations. Such differences may influence the digestive processes in the
rabbit and thus the nutritive value of our grape pomace (De Blas and Villamide, 1990; De Blas and
Carabario, 1996).

Nevertheless, a possible overestimation of the nutritive value was possible (high standard error of the
predicted value) since the risk of error is increased for low incorporation rates from mathematical reasons
and also because the impact of the basal mixture is high. But, differences with European tables may
also be due to the variety of grape, the technology for juice extraction (skins stems and seeds) and the
drying treatment of the grape pomace. For instance, the sun-drying allows a low-temperature process
compared to dehydratation in oven. Consequently, the potential concentration of complexes among sugars
and proteins or with tannins should be lower. Accordingly, alfalfa dehydrated at low temperature allows
a higher protein digestibility compared to the same product dehydrated at a high temperature in an oven
(Lebas and Goby, 2005). These differences might be also due to the method used to determine nutritive
value (Villamide et al., 2003).

CONCLUSION

The nutritive value obtained in the present work for the sun dried grape pomace was high (9.33+2.01M1J
DE/kg and 81.8+77.2 g DCP/kg) compared to the literature. Whole grape pomace can be considered as
alternative cheap fibre source for the growing rabbit, in our Magrebian area, since no major adverse effects
on growth or health were found, for low incorporation level (about 5%). However, further experiments
are necessary to confirm the present results and try to determine the maximum incorporation rates for the
sun-dried grape pomace in balance feeds.
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