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ABSTRACT

Twenty-four multiparous Murciano-Granadina dairy goats in mid-lactation (wk 8 to 30) were used 
in a single cross-over design to evaluate the effects of supplementation with an exogenous fi brolytic 
enzyme preparation, characterized by cellulase and xylanase activities, on feed intake, milk yield 
and composition, and liveweight and body condition changes. Goats received ad libitum a basal total 
mixed ration composed of 65% forage and 35% concentrate. The treatments were: control (without 
enzyme) and experimental with enzyme (included at the recommended commercial dose of 4.7 ml/kg 
concentrate). Feed intake, milk yield, 4% fat corrected milk yield, and milk composition were not 
affected by enzyme supplementation, although milk casein content tended to decrease in the enzyme 
treatment. Body weight change tended to be higher with the enzyme treatment. 
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INTRODUCTION

Enzyme preparations (concentrated fermentation products) containing high 
levels of cellulase, xylanase and pectinase have been used to improve the nutritive 
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quality of forages and silages and diets of non-ruminant species (Chesson, 
1993; Bhat, 2000). Nevertheless, the results of adding enzyme preparations to 
ruminant diets are variable in practice. Although several studies have shown 
substantial improvements in feed digestibility and animal performance in dairy 
cows (Beauchemin et al., 1999; Rode et al., 1999; Yang et al., 1999), others 
reported either negative effects (Kung et al., 2000) or none at all (Beauchemin et 
al., 2000). This inconsistency in ruminants could be attributed to differences in 
diet composition, type of enzyme preparation, complement of enzyme activities, 
amount of enzyme provided, enzyme stability, method of application, and 
proportion of the diet to which enzymes are added, as well as animal differences 
(Yang et al., 1999; Bowman et al., 2002; Beauchemin et al., 2003). Beauchemin et 
al. (2003) concluded that ruminant responses are greatest when fi bre digestion is 
compromised or when energy is the fi rst limiting factor in the diet. 

Although many experiments on enzymes have been conducted in dairy cows 
(Beauchemin et al., 2003), only a few results have been reported in sheep (Flores 
et al., 2002, 2008; Pinos-Rodríguez et al., 2002; Titi and Lubbadeh, 2004) or in 
goats (Titi and Lubbadeh, 2004). The last authors refer to the short time effects of 
enzymes in suckling goats and, to our knowledge, no enzyme effects have been 
reported in dairy goats.

The aim of this study was to evaluate the effects of using an exogenous 
fi brolytic enzyme preparation, characterized by cellulase and xylanase activities, 
on lactation performance of Murciano-Granadina dairy goats. 

MATERIAL AND METHODS

The experiment was conducted on the Experimental Farm of the S1GCE (Farm 
and Experimental Campus Service) of the Universitat Autònoma de Barcelona 
(UAB) in Bellaterra (Spain). Experimental procedures were approved by the 
Ethical Committee on Human and Animal Experimentation of the UAB.

Animals, management and diets

Twenty-four multiparous Murciano-Granadina dairy goats at the beginning of 
mid lactation (35±9 days in milk) were divided into two groups (12 goats per group) 
according to number of lactation and to milk yield, body weight (BW, 41.7±1.4 kg) 
and body condition score (BCS, 2.38±0.04) between wk 8 and 10 of parturition. 
Goats groups were placed in separated pens which were randomly assigned to the 2 
dietary treatments. Experimental design lasted from wk 11 to 26, corresponding to 
the linear phase of the lactation curve in the breed, and consisted of a single cross-
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over trial divided into two measurement periods of 42 d with an adaptation period 
of 14 d (wk 11 and 12) and an intermediate washing-out period of 14 d (wk 19 and 
20). Performance recording between wk 8 and 10 was used for allocating animals 
in experimental groups. Treatments were: control (concentrate without enzyme) and 
enzyme (concentrate with the fi brolytic enzyme preparation; Promote, Agribrands 
International, St. Louis, Missouri, USA). Goats were group fed ad libitum a total 
mixed ration (TMR) based on 65% forage (dehydrated mixture of 50% lucerne 
and 50% maize-whole plant) and 35% concentrate pellets (on fresh matter basis) to 
which the fi brolytic enzyme preparation was or was not added. Diet ingredients and 
nutritional composition are summarized in Tables 1 and 2.

Table 1. Ingredient composition of the experimental diets, % as fed
Item Forage Concentrate
 Maize-whole plant dehydrated
 Lucerne hay dehydrated
 Lucerne meal pellets
 Barley meal
 Spanish ground maize
 Soyabean meal, 44%
 Whole sunfl ower-seed meal
 CaCO3
 Mineral-vitamin mix1

 Rovimix E-50 SD 2

 Bioplex Zn3

50.0
50.0

-
-
-
-
-
- 
-
-
-

-
-

 31.93
11.60
11.80
20.94
22.40
  1.00
  0.30
  0.01
  0.02

1 mineral-vitamin mix was supplied by Agribrands Europe, Barcelona, Spain. The preparation 
contained, g/kg: Ca 105, Mn 20.0, Fe 17.5, Zn 15.0, I 250; mg/kg: Se 100; IU/kg: Co 50, vit. A 
3600 vit. D3 700, vit. E 22000; 2 Hoffmann-La Roche Ltd. Vitamins and Fine Chemicals Division 
(Basel, Switzerland), contained 50% DL-α-tocopheryl acetate; 3 Alltech Ireland Ltd. (Dunboyne, 
Co. Meath, Ireland), contained 10% Zn

Table 2. Chemical composition and nutritive value of feeds used in the experimental diets

Item Forage 
Concentrates TMR

control enzyme1 control enzyme
DM content, %

Composition, % DM
    organic matter
    crude protein
    NDF
    ADF
NEL, MJ/kg DM2

Ca, g/kg DM2

P, g/kg DM2

 92.66

91.5
11.2
51.5
30.3
5.68
13.8
  3.0

 90.79

90.4
23.8
27.5
16.8
6.31
11.3
 5.0

 90.83

90.2
24.6
27.4
17.6
6.31
11.3
  5.0

 92.01

91.1
15.6
43.1
25.6
5.89
12.9
  3.7

 92.02

91.0
15.9
43.1
25.9
5.89
12.9
  3.7

1 fi brolytic enzyme mixture (Promote, Promote Technologies Group, Agribrands, Minnetonka, USA) 
applied by spraying onto the cold concentrate pellets at 4.7 ml/kg; 2  estimated from INRA Tables 
(Jarrige, 1989)
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The enzyme preparation was added to the concentrate, and was not given as 
a supplement or premix, according to Bowman et al. (2002). The liquid enzyme 
preparation was sprayed at the recommended commercial dose of 4.7 ml/kg of 
concentrate (P. Frumholtz, Agribrands International; personal communication), 
from a horizontal mixer onto the previously manufactured cold concentrate 
pellets (6 mm diameter). This enzyme dose represents 1.65 ml/kg of TMR which 
is in the range of the doses commonly used in similar experiments in ruminants 
(Beauchemin et al., 2003). 

Diet was formulated using the INRAtion v.2.7 software and TMR was offered 
to each group once daily after milking (10.00 h) at 130% of the intake from the 
previous day. Fresh water supply was permanently available. Dry matter intake 
(DMI) of each goat group was calculated as the difference between total dry matter 
(DM) amount of TMR offered and refused daily for each pen. Samples of the 
concentrates, forage mixture and orts were separately collected daily, composited 
in weekly samples and fi nally composited by period and treatment for analysis. 

Goats were milked once daily at 9.00 h in a 12 stall double parallel milking 
parlour with collecting jars (Westfalia Landtechnik, Granollers, Barcelona) using 
the normal milking parameters for the breed (42 kPa, 90 pulsation rate, and 60% 
pulsation ratio). Milk production was recorded weekly for each goat throughout 
the experiment. One milk sample per goat was collected biweekly and preserved 
with potassium dichromate for analysis on the same day with 2 replicates per goat. 
Goat BW and BCS (on a scale of 1 to 5, according to Hervieu et al., 1991) were 
recorded weekly, beginning at wk 15 of lactation.

Analytical procedures

Feed samples were ground through a 1-mm stainless steel screen (Cyclotec 
1093 Sample mill, Tecator, Hogänäs, Sweden) and analysed for DM and organic 
matter (OM) according to AOAC (1990). For crude protein (CP) a Kjeltec Auto 
1030 Analyzer (Tecator, Hogänäs, Sweden) was used. The methods of Van Soest 
et al. (1991) were used for neutral detergent fi bre (NDF) and acid detergent fi bre 
(ADF) estimation determination on an ash-free basis using the Ankom200 Fibre 
Analyzer incubator (Ankom Technology, Macedon, New York, USA) adding 
amylase and sodium sulphite solutions. All analyses were done in duplicate. Milk 
samples were analysed by using near-infrared refl ectance spectroscopy analysis 
(InfraAlyzer 450, Bran+Luebbe SL, Nordersted, Germany) according to Albanell 
et al. (1999).

Cellulase and xylanase activities of the commercial enzyme preparation used 
were 130 and 120,000 units/g, respectively (P. Frumholtz, Agribrands International, 
St. Louis, Missouri, USA; personal communication). Endoglucanase activity 
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was checked by using acetic acid/di-sodium phosphate buffer (pH 6.5) and 
carboxymethylcellulose as substrate (sodium salt, medium viscosity; Sigma, 
St. Louis, Missouri, USA; C-5678). Concentrations of reducing sugars were 
determined by the Nelson-Somogyi copper reduction method (Somogyi, 1952) 
with glucose as the standard, and quantifi ed spectrophotometrically at 520 nm 
(Spectrophotometer UV-120-01, Shimadzu, Kyoto, Japan). 

Calculations and statistical analyses
 

Lactation effects, BW and BCS changes were analysed for each goat (individual 
data) using the PROC MIXED for repeated measurements of SAS (SAS 8.1; SAS 
Inst. Inc., Cary, NC, USA). The model included the fi xed effects of treatment and 
period, the random effect of goat and the residual error. 

RESULTS AND DISCUSION
  

Chemical composition of forage, concentrates and experimental TMR are shown 
in Table 2. Similar DM, OM, CP, NDF and ADF contents were achieved for both 
control and enzyme diets. Endoglucanase activity of the enzyme mixture was 850, 842 
and 215 nmol of glucose liberated per min, for pH 4.0, 5.5 and 6.5, respectively.

Ration DMI averaged 2.02±0.04 kg/d (4.8% of BW) from wk 10 to 26 of 
lactation, according to the value of DMI predicted by INRAtion v.2.7 (2.1 kg 
DM/d), and was similar in both groups of goats. This result agrees with other 
studies in which no differences in DMI were reported in suckling goats and ewes 
(Titi and Lubbadeh, 2004; Flores et al., 2008), dairy sheep (Flores et al., 2002, 
2008), beef steers (Feng et al., 1996), heifers (Hristov et al., 2000) or in dairy 
cows (Beauchemin et al., 1999; Yang et al., 1999; Kung et al., 2000; Bowman et 
al., 2002) when similar enzyme mixture with cellulase and xylanase activity were 
added to either TMR, forage or concentrate. 

In contrast, other research has reported a positive effect of enzyme 
supplementation on DMI of dairy cows (Beauchemin et al., 2000) and feedlot 
cattle (Burroughs et al., 1960; Beauchemin et al., 1995), but this increase only 
produced a higher milk yield in the early lactation period under negative energy 
balance (Rode et al., 1999). An increase in DMI was also observed by Pinos-
Rodríguez et al. (2002) when fi brolytic enzyme was used in lambs. Differences 
reported in DMI effects between studies may also be due to the activity of the 
enzyme complex as well as to the experimental conditions used in each study. 

Intro milk yield and 4% fat corrected milk (FCM) for goats supplemented 
with enzymes were not different from goats fed with the control diet in the 
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lactation (1.52±0.04 l/d; Table 3). Persistency coeffi cients throughout lactation 
were high (96.5% per week) and also not affected by enzyme supplementation. 
These results agree with Beauchemin et al. (1999, 2000) who observed no effect 
of enzyme supplementation on actual or standardized milk yield in dairy cows. 
In contrast, others studies have reported that addition of enzymes to the TMR,
forage or concentrate, increased milk yield (6 to 12%) in suckling goats and
ewes (Titi and Lubbadeh, 2004) and in dairy cows (Rode et al., 1999; Yang et al., 
1999; Kung et al., 2000).

Table 3. Effects of enzyme supplementation on dry matter intake, milk production, and body weight 
and body condition score changes of lactating goats
Item Control Enzyme SEM Effect (P <)
Dry matter intake
   kg/d
   % of BW

Milk production, l/d
   actual
   4% FCM1 

Milk composition, %
   total solids
   fat
   protein
   true protein
   casein

Milk component yield, g/d 
   total solids
   fat
   protein
   true protein
   casein

FCM/DMI

Body change
    kg BW
    BCS (1 to 5)2

  2.04
  4.9

  1.51
  1.78

 13.99
  5.34
  3.77
  3.54
  2.87

210
 81
 67
 52
 44

  0.87

  -0.1
  0.09

  2.00
  4.7

  1.53
  1.80

 13.76
  5.16
  3.73
  3.53
  2.81

210
 79
 67
 52
 43

  0.90

  1.9
  0.19

 0.04
 0.1

 0.04
 0.04

 0.21
 0.15
 0.10
 0.11
 0.12

13
11
10
 9
 9

 0.02

 0.4
 0.06

-
-

0.29
0.54

0.39
0.62
0.34
0.39
0.09

0.64
0.62
0.58
0.90
0.68

0.21

0.09
0.14

1 estimated according to equation of gaines: kg of 4% FCM = [0.4 + 0.15 × (% fat)] × kg milk 
2  according to Hervieu et al. (1991) 

Milk composition was not affected by experimental treatments during lactation 
being the average values of milk composition for both treatments: total solids 
(13.89±0.21%), fat (5.25±0.15%), total protein (3.75±0.10%) and true protein 
(3.54±0.11%). Milk casein content tended to decrease (P<0.10) by effect of 
enzyme supplementation (Table 3). Consequently, no differences were detected 
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in the milk component yields either when enzyme supplemented and control diets 
were compared (Table 3). Similar results were obtained by Rode et al. (1999), Yang 
et al. (1999), Kung et al. (2000) and Sutton et al. (2003) in dairy cows. Nevertheless, 
Rode et al. (1999) reported a decrease in milk fat content, using a similar fi brolytic 
enzyme and application procedure than in our experiment and Titi and Lubbadeh 
(2004) reported an increase in milk fat and protein in suckling ewes. Moreover, 
Sutton et al. (2003) concluded that fi brolytic enzymes enhance particle outfl ow rate 
from the rumen and, in some instances, tend to shift fi bre digestion from the rumen 
to the gut. The reasons are unclear and further research on the mode of action of 
fi brolytic enzymes is still necessary.

Enzyme supplementation tended (P<0.10) to improve BW change (+2.0 kg) 
throughout lactation. 
 

CONCLUSIONS

Supplementing dairy goat diets with fi brolytic enzyme, under the conditions 
of this experiment, did not affect lactational performance, although milk casein 
content tended to decrease in the enzyme treatment. Further research is necessary to 
clarify if the concentration of the fi brolytic enzyme mixture, the application mode, 
the forage to concentrate ratio or the lactation stage were the variation factors 
responsible for the lack of effect of the fi brolytic enzyme supplementation.
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