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SUMMARY 

 

This study was implemented to evaluate the effects of predigestion for some local forages: 

alfalfa hay (AH), barley straw (BS), reed (R) and combination of these forages to enhance 

nutritive value by predigestion to the cell wall with different commercial fibrolytic enzyme 

powder levels at 0, 1, 2, and 3% by socking it for 12h. Results indicated high significant 

increases (P<0.01) in dry matter content (DM) and inorganic matter (Ash) for predigestion to all 

forages with enzyme, wile they were high significant reduce (P<0.01) in organic matter (OM) 

and neutral detergent fiber (NDF) for all treated forages with enzyme, but not affected on CP 

and ADL content. In vitro trial indicated increase in dry matter digestibility (DMD) and organic 

matter digestibility (OMD) (P<0.01) for predigested alfalfa hay (AH) and not significant 

increases for the other forages with sheep rumen liquor. When used goat rumen liquor, OMD for 

alfalfa hay was significant increases (P<0.01).  In conclusion: Alfalfa hay had the best values for 

in vitro DMD and OMD. Wild reed (R) had the lowest values. The level of enzyme was not 

significant and the best improvement with the level 3% on in vitro DMD and OMD. There was 

no significant differ for in vitro DMD and OMD when used sheep or goat rumen fluid.   

Keywords: Alfalfa hay, barley straw, reed hay, in vitro digestibility.    

 

INTRODUCTION  

    

Forages are the major and cheapest food for ruminants, improvement in forage digestion 

increases the energy available to ruminants and the nutrient availability for better utilization of 

these forages. In this direction, numerous methods have been tried to upgrade the nutritive value 

of low quality forages such as physical, chemical, and biological treatment or use feed additives. 

(Hassan et al., 1998; Hassan and Tawffek, 2009; Hassan et al., 2009 and 2011). 

Exogenous enzymes are commonly used to improve the nutritive value of feeds for non-

ruminants and as silage additives for ruminants. The use of crude enzyme to improve nutritive 

value of forage is not a new concept, first reported in the early 1960s, more recent developments 

in the enzyme industry have led to re-examination of the role of these enzymes and several 

comprehensive reviews have been published as McAllister et al.(1999); Beauchemin et 

al.(2003) and Krause et al.(2003).  

Enzyme preparations containing high levels of cellulase, hemicellulase (xylanase) ,ligninase 

and pectinase have been used to improve the nutritive quality forages, nevertheless, most 

commercially available enzyme products are produced for non-feed applications and are mainly 

cellulases and xylanases (Bhat,2000). Cellulases and xylanases usually act synergistically to 

hydrolyze forage cell wall (Bhat and Hazlewood, 2001). 
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 In this respect, Kung et al. (2000) argue that the addition of enzymes to feed may create a 

stable enzyme feed complex which protects the enzymes from ruminal proteolysis. Fibrolytic 

enzymes isolated  from bacterial and fungal cultures increase the degradability during the 

process of ensilage of some forages. Besides, they improve in vitro digestibility of DM and 

NDF (Feng et al., 1996). So, a mixture of enzymes with various activities may be more effective 

(Yang et al., 1999). Moharrery et al. (2009) found when use two liquid exogenous enzyme with 

a rate of 1.0 g/kg of DM forage and allow for 24h at room temperature, improved (p<0.05) in 

vitro DM and NDF digestibility of white clover, red clover, alfalfa hay, perennial ryegrass 

compared with control and suggested that pre-treatment of forage with fibrolytic enzyme can 

solubility some fiber, so improve crude fiber digestibility. Exogenous fibrolytic enzymes might 

enhance attachment and/or improve access to the cell wall matrix by ruminal microorganisms 

and accelerate the rate of digestion (Nsereko et al.,2000). Adequate pre-incubation or pre-

ingestion enzyme-substrate interaction seems necessary for improvement fermentation and 

digestibility of mature tropical grasses in ruminants by fibrolytic enzymes (Krueger and Adesogan, 

2008) to allow, before feeding, a proper adsorption and binding of the enzyme to substrate, 

attachment and protection against degradation by rumen proteases (Beauchemin et al., 2004a) and a 

stable enzyme feed complex (Fontes et al., 1995) 

Feng et al. (1996) reported that pre-treatment of dry tropical grass with exogenous enzymes 

improved (P< 0.05) in vitro DM (43.5 vs. 38.7%) and NDF (31.1 vs. 26.0%) disappearance. 

Lewis et al. (1996) found that ruminal steers infusion enzymes caused lower disappearance of 

DM and NDF than enzyme application to the forage 24 h prior to feeding and suggested due to 

insufficient contact between enzymes and particulate substrate. Similarly, McAllister et al. 

(1999) found that ruminal infusion of a mixture of two commercial enzymes decreased DM and 

NDF digestibility versus addition to dietary silage in sheep. 

Goosen (2005) reported appositive effects with Abo 374 (Abe 374 is a fungal enzyme 

cocktail containing cellulases, xylanases and mannanases with xylanase as major fibrolytic 

activity) enzyme on the in vitro DM and NDF degradation of wheat straw. Cruywagen and 

Goosen (2005) reported improved weight gain in lambs (6.75 and 7.13kg) and feed conversion 

ratios (0.15 and 0.16kg gain/kg DMI) when wheat straw was pre-treated with exogenous 

enzyme ABO 374 for 18h. before feeding at high and medium levels of enzyme application 

respectively. Hong et al. (2003) found nutrient degradation rate and effective degradability of 

DM,NDF and ADF increased with increasing enzyme level (0, 1 and 2%,w/w) and pre 

treatment times (0, 1, 12, 24h. ) using goats and steers. 

The aim of this study was to evaluate the effect different levels of exogenous fibrolytic 

enzyme treated to alfalfa hay (AH), barley straw (BS), common reed(R) and combination of 

these forages on its chemical composition and in vitro DMD and in vitro OMD using rumen 

liquor from sheep and goat. 

 

MATERIAL AND METHODS 

 

Forage samples  

Alfalfa hay (Medicago sativa), Barley straw (Hordeum vulgare) obtained from Animal 

Resources Department farm at College of Agriculture, University of Baghdad. Common wild 

reed (Phragmites communis) was harvest from drainage river at the College of Agriculture, 

didn’t exceed in height with two meter. Immediately after harvest reed, samples were oven dried 

(65 °C). Alfalfa hay (AH) was mixed with barley straw (BS) to formulate combination AH+BS, 

alfalfa hay (AH) was mixed with reed (R) to formulate combination AH+R and barley straw  

(BS) was mixed with reed (R) to formulate combination BS+R , all these combination was done 

with ratio 50:50(wt/wt) and alfalfa hay (AH) was mixed with barley straw (BS) and reed (R) to 

formulate combination AH+BS+R with ratio 33.33:33.33: 33.33(wt/wt/wt) thus we have 7 

substrate of forages. 
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Enzyme products and cellulase assay: 

The commercial multi-enzyme products in powder form used was Farmazyme (Farmvet, 

Turkey) containing per kg of enzyme preparation: cellulase (1,000,000 units), xylanase 

(1,500,000 units), ß-glucanase (100,000 units) and -amylase (100,000 units) activities as 

indicated by the manufacturer. 

Enzyme assays 

Cellulase activity was measured as the concentration of reducing sugars by method of 

dinitrosalicylic acid (DNS) (Miller, 1959) as described by Mandels et al. (1976) and following 

the steps as described by Al-Ani (2005): DNS (3,5-dinitrosalicylic acid ) reagent. Dissolve 1 g 

DNS in 30 ml of distilled water (DW) and add 20 ml of NaOH (2M). After complete 

dissolution, add 30g of Rochelle salts (sodium-potassium tartrate) gradually and slowly until 

total dissolution then complete to 100 ml with DW and keep DNS reagent in darkness at 4 °.C 

Glucose solution as in Whitaker and Bernhard (1972) of 10 mM (0.20 g of D-glucose in 100 ml 

of DW) to prepared standard glucose curve by used different tubes with different glucose 

concentration; 0, 0.2, 0.6, 1, 1.4, 1.8 and 2 mg/ml; 1 ml of DNS and boiled 5 min and tube 

cooled by tap water and 10 ml of DW was added to each tube and absorbance was measured at 

540nm. The substrate was cellulose at 1% (1 g of cellulose in sodium acetate buffer 0.1 Molar, 

pH=5  and mixed well at least 2h. then complete volume to 100 ml with DW). The reaction 

mixture for each sample contained 0.9 ml of substrate and 0.1 ml of enzymic extract diluted 

(1:100).Test tube were used in duplicate and incubation was 60 min at 25, 30, 35 and 40 °.C in 

water bath, 1 ml of DNS was added and boiled 5 min, the tubes were cooled with tap water and 

absorbance was measured at 540 nm. For each sample blank with 0.9 ml of substrate was 

prepared incubated 60 min at same temperatures above , 1 ml of DNS  and followed 0.1 ml of 

enzymic extract diluted (1:100) was added , boiled for 5 min , the tubes cooled with tap water 

and absorbance was measured at 540 nm. These steps were used to measured cellulase activity 

at different temperature, and the same steps were used above with temperature 35 °.C but with 

different buffer to measured cellulase activity in different pH by using 0.2 molar of phosphate 

buffer to achieve pH 5.5, 6.0, 6.5, 7.0 and 7.5 and each substrate was mixed well at lest 2 h and 

complete volume to 200 ml with DW. One enzyme activity (IU) was defined as the amount of 

enzyme required to release 1 μmol of reducing sugars as glucose per hour under experimental 

conditions described above.  

The cellulase activity was 1.22, 0.89, 1.99, and 8.85 U/ml with specific activity of 0.22, 

0.16, 0.36 and 1.59 U/mg for temperature 25, 30, 35 and 40 °.C and cellulase activity was  

50.19,35.31,35.42,37.02,31.77 and 38.74 U/ml with specific activity of 9.03, 6.36, 6.38, 6.66, 

5.72, and 6.97 U/mg. 

Treatment of forage (Substrate of enzyme) 

Air dry sample of alfalfa hay and barley straw and oven dry sample (65°C) of reed, milled 

to pass a 1.0 mm sieve. Based on the enzyme activity data, two enzyme activity showing high 

cellulase activity were selected. All treatment were carried out under 35°C and pH=5.5, without 

sterilizing the forages. The enzyme treated forages for 12 h with three levels of enzyme (1, 2, 3 

g enzyme powder per 100g DM forage). At the end of treatment, samples were dried with oven 

(65°C) for 48 h, stored in small container for analysis.  

In vitro digestibility procedures 

Rumen liquor samples were obtained from two origin; Awassi sheep and black goats after 

slaughtered. Rumen liquor from each species separately, squeezed through four layer of 

cheesecloth (mesh size of 250µm) in to airtight container and transported to the laboratory. The 

strained rumen fluid kept in a water bath at 39 °C with CO2 saturation, then mixed with buffer 

(artificial saliva) with a ratio10:40 ml prepared as described by Tilley and Terry (1963). During 

the first stage, a finely ground sample is incubated for 48 h with buffered rumen liquor in a glass 

tube under anaerobic conditions. In second stage the bacteria are killed by acidifying with HCl 

to pH 2.0 and are then digested by incubating them with pepsin for a further 48 h. Samples (0.5 
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g) of each forage (control or treated with one of the enzyme doses) were weighed in duplicate 

and placed in 200 ml test tubes, three tubes containing buffered rumen fluid and no forage 

sample were included within the incubation run and the mean value for these tubes was termed 

the blank value. The insoluble residue is filtered off, dried and ignited. The residue DM and OM 

is subtracted from the sample DM and OM to provide an estimate of DM and OM digested.  

Chemical analysis 

All proximate analysis was done according to AOAC (1995). Neutral detergent fiber 

(NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were determined as 

described by Goering and Van Soest (1970) and hemicellulose was calculated as the difference 

between NDF and ADF. Cellulose was calculated as the difference between ADF and ADL. 

Statistical analysis: 

All data were analyzed using completely randomized design model (CRD). The chemical 

composition data were analyzed a (7 forages substrate× 4 level of enzyme) factorial design. In 

vitro digestibility data were analyzed following a (7 forages substrate×4 level of enzyme ×2 

source of inoculums from sheep or goat  rumen liquor) factorial design and means were 

separated using LSD, Duncan range tests using SAS (SAS , 2001).  

 

RESULTS AND DISCUSSION 

 

Biochemical activity  

The results of the enzymatic profile indicated variation with other researcher (Colombatto et 

al.,2003a). The biochemical activities of feed enzymes tested under controlled, optimal 

condition does not always predict their ability to enhance ruminal feed digestion (McAllister et 

al., 1999). Mainly, this is because the enzymes must work synergistically with ruminal 

microbial community to alert feed digestion (Morgavi et al., 2000). Therefore, the selection of 

enzyme for use as ruminant feed additive should be first tested in a ruminal environment 

(Colombatto and Beauchemin, 2003) It also important to test enzyme on individual feeds, as 

their may be specific to the type of feed. The enzyme products were analyzed for their main and 

side activities at 39°C and pH 6.0, to reflect ruminal conditions (Colombatto et al 2003a) which 

apparently did not take place in our study,and the enzyme tested for cellulase activity only. 

Yang et al (2012) examined twenty six enzymes, these enzyme contaminated ranges of 

endoglycanase , xylanase , β-glycanase , α amylase and protease and found these enzyme 

contain arenge of crude protein and all enzymes had xylanase, endoglucanase and β-glucanase 

activity and their activity varied greatly. 

Chemical composition  

Chemical composition of alfalfa hay, barley straw, common reed and combination of these 

forages are presented in Table 1. The chemical composition of the base forages was different. 

Average values for the individual forages were within the range of values reported elsewhere 

(Hassan et al.2008; and Hassan and Tawfeeq, 2009), with small differences that could be 

attributed to varieties of forage, stage of maturity at harvest, weather conditions, soil type and 

management practices, as reported Moharrery et al. (2009). Nitrogen and ash contents in alfalfa 

hay were numerically greater than in barley straw and common reed. Barley straw and common 

reed had greater NDF and ADF content than alfalfa hay.  

Enzyme treatment did not affect the content the CP content of any forage tested. This result 

disagrees with other results (Bata et al., 2004; Yang et al, 2012). Bata et al (2004) use Cellpract 

AS100
®
, they found that enzyme treatment improves in crude protein content of rice bran and 

cotton seed meal. However, our results agree with Hong et al.,( 2003); and Dean et al., (2008). 

Dean et al. (2008) found ammonia treatment increase CP content of tropical grass but fibrolytic 

enzyme treatment not increase CP content. Although enzymes are protein, small amount of 
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enzyme typically added to aid fibrolysis of forage or diet is not sufficient to affect CP 

concentration (Hong et al., 2003).  

Enzyme treated decrease (P<0.01) NDF substrate content (Table 1), reducing ranging from 

0.20-1.29% NDF, and decrease (P<0.01) ADF substrate content. These results would indicate 

that the pre- treatment with enzymes alerted the fiber structure, as previously reported in other 

studies (Nsereko et al., 2000, Colombatto et al.,2003b; Giraldo et al., (2007).  

Several research (Nsereko et al., 2000; Wallace et al.,2001; Giraldo et al., 2007) have 

suggested that exogenous enzyme could increase fiber degradation through a hydrolytic action 

prior to feeding or in vitro incubation with rumen microorganisms. 

 

Table (1): Effect of pre –treatment with different levels of enzyme on chemical 

composition of some forages. 

Treatments DM % 

fresh 

% on DM Basis 

Substrate Enzyme ASH OM CP NDF ADF ADL Hemi Cell 

Alfalfa hay 

(AH) 

0 91.18
d
 9.21

d
 90.79

a
 13.40

a
 54.30

a
 42.42

a
 8.87

a
 11.88

a
 33.55

a
 

1 94.49
c
 12.22

c
 87.78

b
 13.39

a
 53.59

ab
 41.94

a
 8.74

a
 11.65

a
 33.20

a
 

2 96.44
a
 15.59

b
 84.41

c
 13.41

a
 53.01

b
 41.43

a
 8.56

a
 12.23

a
 32.21

a
 

3 95.65b 22.07
a
 77.93

d
 13.41

a
 53.19

ab
 40.78

a
 8.40

a
 11.76

a
 33.04

a
 

Barley Straw 

(BS) 

0 93.54
a
 11.08

d
 88.92

a
 2.89

a
 81.88

a
 52.10

a
 11.59

a
 29.78

a
 40.51

a
 

1 95.47
a
 14.02

c
 85.98

b
 2.89

a
 81.17

a
 51.67

a
 11.54

a
 29.50

a
 40.13

a
 

2 96.32
a
 21.61

a
 78.39

d
 2.90

a
 81.50

a
 51.95

a
 11.52

a
 29.55

a
 40.43

a
 

3 95.42
a
 16.74

b
 83.26

c
 2.91

a
 81.37

a
 51.91

a
 11.40

a
 29.46

a
 40.51

a
 

Reed 

 (R)  

0 93.49
c
 8.97

c
 91.03

a
 4.22

a
 77.85

a
 52.61

a
 35.33

a
 25.24

a
 17.28

a
 

1 93.84
b
 9.48

c
 90.52

a
 4.22

a
 77.31

a
 52.55

a
 35.23

a
 24.75

a
 17.32

a
 

2 94.61
a
 11.97

b
 88.03

b
 4.23

a
 77.06

a
 52.51

a
 35.22

a
 24.54

a
 17.30

a
 

3 93.93
b
 14.42

a
 85.58

c
 4.23

a
 77.67

a
 52.47

a
 35.25

a
 25.19

a
 17.22a 

Alfalfa hay + 

Barley straw 

(AH+BS) 

0 92.30
b
 10.33

c
 89.67

a
 7.79

a
 67.21

a
 46.94

a
 9.92

a
 20.26

a
 37.02

a
 

1 94.91
a
 13.63

b
 86.37

b
 7.80

a
 66.89

a
 46.67

a
 9.90

a
 20.22

a
 36.77

a
 

2 94.66
a
 20.30

a
 79.70

c
 7.79

a
 66.94

a
 46.47

a
 9.86

a
 20.41

a
 36.62

a
 

3 94.24
a
 22.17

a
 77.83

c
 7.80

a
 66.98

a
 46.58

a
 9.78

a
 20.47

a
 36.79

a
 

Alfalfa hay + 

Reed 

 (AH+R) 

0 91.17
d
 9.38

d
 90.62

a
 8.79

a
 64.83

a
 47.36

a
 22.24

a
 17.46

a
 25.12

a
 

1 93.10
c
 10.75

c
 89.25

b
 8.79

a
 65.20

a
 47.27

a
 22.18

a
 17.93

a
 25.09

a
 

2 93.60
b
 14.14

b
 85.86

c
 8.80

a
 64.18

a
 47.16

a
 22.08

a
 17.02

a
 25.08

a
 

3 94.10
a
 16.90

a
 83.10

d
 8.81

a
 64.34

a
 47.03

a
 22.07

a
 17.31

a
 24.95

a
 

Barley straw 

+ Reed  

(BS+R) 

0 92.13
c
 10.46

c
 89.54

a
 3.28

a
 80.48

a
 52.60

a
 23.47

a
 27.88

a
 29.13

a
 

1 93.56
b
 12.74

b
 87.26

b
 3.29

a
 80.16

a
 52.48

a
 22.67

a
 27.68

a
 29.81

a
 

2 94.58
a
 13.92

b
 86.08

b
 3.30

a
 79.97

a
 52.30

a
 22.50

a
 27.68

a
 29.79

a
 

3 93.50
b
 16.72

a
 83.28

c
 3.30

a
 80.20

a
 52.37

a
 22.79

a
 27.84

a
 29.57

a
 

Alfalfa hay + 

Barley straw 

+Reed 

(AH+BS+R) 

0 91.57
b
 9.83c 90.17

a
 8.47

a
 70.30

a
 50.03

a
 18.23

a
 20.29

a
 31.80

a
 

1 93.83
a
 13.43

b
 86.57

b
 8.48

a
 70.07

a
 49.86

a
 18.14

a
 20.21

a
 31.72

a
 

2 94.92
a
 14.09

b
 85.91

b
 8.49

a
 69.92

a
 49.68

a
 18.14

a
 20.22

a
 31.54

a
 

3 93.71
a
 22.46

a
 77.54

c
 8.50

a
 69.90

a
 49.68

a
 18.05

a
 20.23

a
 31.64

a
 

Means with different subscript in the same column  differ (P<0.05). *P<0.05, **P<0.01. 

  

There is evidence that some enzymes applied to feed affect its composition, principally by 

increasing solubility of DM and NDF (Moharrey et al 2009), possibly releasing more nutrients 

that are then available to enhance microbial colonization of feed particles. Thus, a pre-

incubation period is very important (Krueger and Adesogan, 2008) to allow, before feeding, a 

proper adsorption and binding of the enzyme to substrate, attachment and protection against 

degradation by rumen proteases and a stable enzyme feed complex (Beauchemin et al., 2004a ). 

The close association of enzyme with feed may enable some form of pre-ingestive attack of the 
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enzyme upon the plant fiber or enhance binding of the enzymes to the feed thereby increasing 

the resistant of the enzyme to proteolysis in the rumen (Beauchemin et al., 2004b).Dean et al 

(2008) and  Moharrey et al (2009) found enzyme treatment had different effect on cell wall 

component and forge type affected the response. The sterified bound between cellulose, 

hemicellulose and lignin restrict the digestion of cell wall by rumen microorganism; however, it 

has been shown (Nsereko et al 2000; Giraldo et al 2007) that exogenous fibrolytic enzyme 

could potentially improve fiber degradation through hydrolytic action prior to feeding or in vitro 

incubation.   

 In this study, the 12h pre-treatment with enzyme of seven forages substrate did not affect 

(P>0.05) their NDF content. These results would indicate that effectiveness of fibrolytic 

enzymes varies with the substrate (McAllister et al., 1999). The ability of cellulases and 

xylanases to increase the extent of fiber digestion may be limited by the lack of enzymes that 

degrade the core structure of lignin-cellulose complexes in low quality forages. Cross- linking 

of lignin of the cell wall polysaccharides through ferulic acid bridges is key mechanism by 

which lignin limits cell wall digestion in plant by ruminants. 

In vitro digestibility  

Results of exogenous enzyme pre treatment of forages on in vitro DMD and OMD for sheep 

and goat rumen fluid are presented in Table (2).  

In alfalfa hay, the pre-treatment with exogenous enzyme increase (P<0.01) in vitro DMD 

and OMD for sheep rumen fluid and in vitro OMD for goat rumen fluid. Perhaps the exogenous 

enzyme used in this study was work with more digestible structure such as good quality forage, 

may be its contain highest crude protein content than other forage tested. Increasing level of 

enzyme was significantly (P<0.01) for alfalfa hay only but not significant with other substrate. 

In barley straw, increase in DMD and OMD in vitro was not significant,  increasing level of 

enzyme treatment, slight, non significant increase in vitro DMD and increase in vitro OMD in 

rumen fluid from sheep and goat. 

In reed, the pre- treatment with exogenous fibrolytic enzyme, has also slight increase in 

vitro DMD and increase in vitro OMD and non significant. Best values of in vitro DMD and 

OMD were with alfalfa hay (AH) , the lowest values were with wild reed (R)  The differences in 

digestion between alfalfa hay ,barley straw and reed likely reflect differences in their 

composition , which reed containing greater amount of lignin .Additionally, the structure of reed 

my have impeded the full of enzyme. Same result has obtained with Yang et al. (2012 ) when 

used wheat straw and alfalfa hay with different enzyme.  

Our results were disagree with other results (Jalilvand et al., 2008). On the other hand, 

Colombatto and Beauchemin (2003) suggested that enzymes enhance alfalfa digestion by 

removing structural barriers retarding microbial colonization, thus increasing the rate of 

degradation. 

It seems that the level of enzyme 3% had best improvement than other level (1 and 2%) in 

improving the in vitro DMD and in vitro OMD. Except improvement with alfalfa hay +barley 

straw (AH+BS) also there is non significant increase, but the improvement was higher with the 

level of enzyme 2% followed by improvement in Alfalfa hay +reed (AH+R), the same trend 

with level of enzyme 2%. Jalilvand et al.,(2008) indicated that the responses of level of Mutli-

enzyme commercially available as feed additive  named Naturzyme containing ( per g of 

enzyme) preparation cellulase (4200 U), xylanase (2500U),β-glucanase(500U), protease(3000 

U) and amylase (750 U) activities enzyme ( 0, 3, 6,and 9 g of enzyme /Kg of DM forage ) 

addition differ with forage type( alfalfa hay , maize silage , wheat straw ), so that the addition 

was more effective with more fibrous roughage such as wheat straw, an important factor 

determining the efficacy of enzymatic treatment of forages is the level of enzyme application 

and it was observed that high levels of addition can be less effective than low levels. These 

effects were favorable enhancing straw digestion with a low level of enzyme addition (3 g 

enzyme/kg DM), whereas high levels of enzyme addition seemed to affect adversely 
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fermentation rate of straw. (Jalilvand et al., 2008). Moreover, Nsereko et al. (2000) reported that 

relatively low levels of enzyme supplementation increased numbers of both fibrolytic and non-

fibrolytic bacteria in the rumen and concluded this effect may be due to release of 

polysaccharides that are utilized by these bacteria. However, the increase in bacterial Numbers 

was not apparent when high levels of enzyme. This variation in nutrient digestibility results 

observed by fibrolytic enzyme may be due to many factors such as forage level, enzyme level, 

method of enzyme application (Colombatto et al .,2003, Beauchemin et al.,2003).The pre-

incubation period is very important to allow, before feeding, a proper adsorption and binding of 

the enzyme to substrate, attachment and protection against degradation by rumen proteases 

(Beauchemin et al.,2003) According to Beauchemin et al. (2004), enzymes are most effective 

when added to feed in liquid for prior to feeding. Therefore, adequate pre-incubation or pre-

ingestion enzyme - substrate interaction seems necessary for improvement of fermentation and 

digestibility of mature tropical grasses in the ruminants by fibrolytic enzyme. 

 

Table (2): Effect of forages pre -treatment with different levels of enzyme on in vitro DMD 

and OMD using sheep and goat rumen fluid.   

  Sheep Goats 

Forages(Substrate) Level of Enzyme DMD OMD DMD OMD 

Alfalfa hay 

(AH) 

0% 53.43
c
 54.18

b
 52.60

a
 53.44

b
 

1% 54.11
bc

 54.78
ab

 53.26
a 

54.02
ab

 

2% 55.77
ab

 56.15
ab

 54.89
a
 55.91

a
 

3% 56.19
a
 56.58

a
 55.15

a
 55.89

a
 

Barley Straw 

(BS) 

0% 43.23
a
 44.47

a
 43.22

a
 44.75

a
 

1% 43.38
a
 45.25

a 
43.29

a
 45.25

a
 

2% 44.21
a
 45.64

a
 44.21

a
 45.71

a
 

3% 44.48
 a
 45.94

a
 44.43

a
 45.96

a
 

Reed 

(R) 

0% 30.70
a
 30.95

a
 31.00

a
 31.61

a
 

1% 30.85
a
 31.30

a
 31.19

a
 31.96

a
 

2% 31.47
a
 31.87

a
 31.80

a
 32.48

a
 

3% 31.53
a
 31.80

a
 31.98

a
 32.70

a
 

Alfalfa hay +barley 

straw (AH+BS) 

0% 47.33
a
 47.86

a
 47.63

a
 48.93

a
 

1% 47.75
a
 48.20

a
 48.11

a
 49.26

a
 

2% 48.65
a
 49.09

a
 49.00

a
 50.70

a
 

3% 49.04
a
 49.05

a
 49.35

a
 50.80

a
 

Alfalfa hay +reed 

(AH+R) 

0% 40.68
a
 40.96

a
 40.74

a
 41.22

a
 

1% 41.11
a
 41.33

a
 41.18

a
 41.67

a
 

2% 41.65
a
 41.90

a
 41.75

a
 42.25

a
 

3% 41.91
a
 42.10

a
 42.05

a
 42.29

a
 

Barley straw +reed 

(BS+R) 

0% 36.94
a
 37.28

a
 37.44

a
 38.16

a
 

1% 37.06
a
 37.43

a
 37.56

a
 38.23

a
 

2% 37.65
a
 37.99

a
 38.19

a
 38.50

aa
 

3% 38.02
a
 38.17

a
 38.51

a
 39.41

a
 

Alfalfa hay + barley 

straw + reed 

(AH+BS+R) 

0% 42.19
a
 43.07

a
 42.21

a
 42.23

a
 

1% 42.23
a
 43.17

a
 42.27

aa
 42.93

a
 

2% 42.85
a
 43.71

a
 42.90

a
 43.00

a
 

3% 43.26
a
 44.04

a
 43.28

a
 42.91

a
 

Level of enzyme 

0% 42.07
a
 42.68

a
 42.12

b
 42.91

b
 

1% 42.36
a
 43.06

a
 42.41

ab
 43.33

ab
 

2% 43.18
a
 43.76

a
 43.25

ab
 44.08

ab
 

3% 43.49
a
 44.01

a
 43.54

a
 44.31

a
 

Means with different subscript in the same column  differ (P<0.05), .*P<0.05, **P<0.01. 

Nevertheless, feed enzymes have been used to improve the use of a wide range of diets 

containing legumes, grasses, haylage, straw and other feedstuffs (Beauchemin et al.,2003). The 
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mode of action of these enzymes in ruminants is not fully understood. They can enhance feed 

colonization by increasing the numbers of ruminal fibrolytic microbes (Morgavi et al.,2000; 

Nsereko et al.,2000) and thus can increase the rate of degradation in the rumen (Yang  et 

al.,1999). Another important reason for applying enzymes to feed prior ingestion to enhance 

binding of the enzyme to the feed, thereby increasing the resistance of the enzyme to proteolysis 

in the rumen .Enzyme applied to feed  prior to ingestion are particularly stable ; the presence of 

substrate is known increase enzyme resistance to proteolytic inactivation ( Fontes et al. 1995) 

In the present study, the lack of effect of enzyme on forage NDF and ADF content was in 

agreement with the observed inefficiency of enzymatic treatment to increase forage in vitro 

DMD and OMD  

 

REFERENCES  

 

Al-Ani, A.H.A.A. (2005). Cellulases production from local Aspergillus sp. isolate and 

assessing some of their properties and applications. Ph.D. Diss. College of Agriculture, 

University of Baghdad. 

AOAC, Association of Official Analytical Chemists (1995). Official Methods of Analysis, 16
th
 

ed. AOAC, Washington, DC, USA. 

Bata, M.; S. N. M. Suwandyaatuti; S.Chakeredza; G. Thinggarrd and U.T. Meulen (2004). The 

influence of cellupract AS100
®
 enzyme treatment to rice bran and cotton seed meal on 

chemical composition, energy content and in vitro digestibility .J.Sain.Vet., XXII(2):73-78.  

Beauchemin, K. A.; D. Columbatto and D.P. Morgavi (2004b). A rationale for the development 

of feed enzyme products for ruminants. Can. J. Anim. Sci. 84, 23-36. 

Beauchemin, K. A.; D. Colombatto, D.P. Morgavi and W.Z. Yang (2003). Use of exogenous 

fibrolytic enzymes to improve feed utilization by ruminants. J. Anim. Sci. 81(E. Suppl. 2): 

E37-E47. 

Beauchemin, K. A.; D. Columbatto; D.P. Morgavi; W.Z. Yang and L.M. Rode (2004a). Mode 

of action of exogenous cell wall degrading enzymes for ruminants. Can. J. Anim. Sci. 84, 

13-22. 

Bhat, M.K. (2000). Cellulases and related enzymes in biotechnology. Biotechnol. Adv., 18: 

355-383. 

Bhat, M. K., and G. P. Hazlewood (2001). Enzymology and other characteristics of cellulases 

and xylanases. Page 11 in Enzymes in Farm Animal Nutrition. M. Bedford and G. Partridge, 

ed. CABI Publishing, Oxon, U.K. 

Colombatto, D., F.L. Mould, M.K. Bhat, D.P. Morgavi, K.A. Beauchemin and E. Owen. 

(2003a). Influence of fibrolytic enzymes on the hydrolysis and fermentation of pure 

cellulose and xylan by mixed ruminal microorganisms in vitro. J. Anim. Sci., 81: 1040–

1050. 

Colombatto, D. and K.A. Beauchemin (2003). A proposed methodology to standardize the 

determination of enzymic activities present in enzyme additives used in ruminant diets. Can. 

J. Anim. Sci. 83, 559-568. 

Colombatto, D.; F.L. Mould; M.K. Bhat and, E. Owen (2003b). Use of fibrolytic enzymes to 

improve the nutritive value of ruminant diets. A biochemical and in vitro rumen degradation 

assessment. Anim. Feed Sci. Technol. 107, 201–209. 

Cruywagen, C.W. and L. Goosen (2004). Effect of an exogenous fibrolytic enzyme on growth 

rate, feed intake and feed conversion ratio in growing lambs. S.A. J. Anim. Sci., 34 (suppl 

2): 71-73. 



Effect of predigested local forages with exogenous fibrolytic enzymes on chemical composition 

 

 
 

127 

Dean, D.B. ; A.T. Adesogan; N.A. Krueger and R.C. Litell (2008). Effects of treatment with 

ammonia or finrolytic enzymes on chemical composition and ruminal degradability of hays 

produced from tropical grasses. Anim. Feed Sci. Technol., 145: 68-83. 

Feng, P., C. W. Hunt, G. T. Pritchard, and W. E. Julien (1996). Effect of enzyme preparations 

on in situ and in vitro degradation and in vivo digestive characteristics of mature cool-

season grass forage in beef steers. J. Anim. Sci. 74:1349–1357 

Fontes, C. M.; , J., Hall; R.H. Hirst; G.P. Haslewood and H.J. Gilbert. (1995). The resistance of 

cellulases and xylanases to proteolytic inactivation. Appl. Microbiol. Biotechnol. 43, 52-57. 

Giraldo, L.A.; M.L. Tejido,., M.J. Ranilla and M.D. Carro (2007). Influence of exogenous 

fibrolytic enzymes and fumarate on methane production, microbial growth and fermentation 

in Rusitec fermenters. Brit. J. Nutr., 98: 753-761. 

Goering H.K. and P.J. Van Soest (1970). Forages fiber analysis: Apparatus, reagents, 

Procedures and some applications. USDA Agricultural Handbook 379, ARS-USDA, 

Washington, D.C., pp. 1-20. 

Goosen, L. (2005). The effect of an exogenous fibrolytic enzyme on forage digestibility 

parameters. MSc Agric. Thesis, Stellenbosch University, Stellenbosch, South Africa. 

Hassan, S.A.; A.N. Al-Darraji and, A.A. Al-Sultan (1998). Effect of dried Reed treated with 

caustic soda or Ammonia hydroxide or urea on in vitro organic matter digestibility in dry 

matter and pH. Dirasat Agric. Res. 25: 273-295. 

Hassan, S.A. and J.A. Tawffek (2009). Effect of washing and physical form of chemically 

treated barley straw on nutritive value, phenolic compound and activity of rumen bacteria 1-

sodium hydroxide treatment. The Iraqi J. of Agric. Sci. 40 (1):138-147. 

Hassan, S.A.; J.A. Tawffek and M.A. El-Saady (2009). Gradual substitution of reed silage with 

alfalfa hay fed with or without probiotic to Awassi lambs. 1- Daily feed intake, live weight 

gain and feed conversion ratio. The Iraqi J. of Agric. Sci. 40(4):107-114. 

Hassan, S. A.; S.M. Sadiq and K. M. Hassan (2011). Effect of feeding chemical and microbial 

treated barley straw on performance and some serum biochemical attributes of Karadi 

lambs. KSU J. Nat. Sci., 14(3), 29-38. 

Hong, S. H.; B. K. Lee; N. J. Choi; S. S. S. Lee, S. G. Yun and J. K. Ha (2003). Effects of 

Enzyme Application Method and Levels and Pre-treatment Times on Rumen 

Fermentation, Nutrient Degradation and Digestion in Goats and Steers Asian-Aust. J. 

Anim. Sci.  16( 3) : 389-393. 

Jalilvand, G.; N.E. Odongo; S. Lopez; A. Naserian; F.Valizadeh; F. Eftekhar Shahrodi; E. 

Kebreab and J. France (2008). Effects of different levels of an enzyme mixture on in vitro 

gas production parameters of contrasting forages. Anim. Feed Sci. Technol., 146: 289-301. 

Krause, D.O.; S.E. Denman; R.I. Mackie; M. Morrison; A.L. Rae; G.T. Attwood and, C.S. 

McSweeney (2003). Opportunities to improve fiber degradation in the rumen: 

microbiology, ecology, and genomics. FEMS Microbiol. Rev. 27, 663-693.  

Krueger, N.A. and A.T. Adesogan (2008). Effects of different mixtures of fibrolytic enzymes on 

digestion and fermentation of bahiagrass hay. Anim. Feed Sci. Tech. 145:84-94. 

Kung, L., Jr., Treacher, R.J., Nauman, A.M., Smagala, K.M., Endres, K.M. and Cohen, M.A., 

(2000). The effect of treating forages with fibrolytic enzymes on its nutritive value and 

lactation performance of dairy cows. J. Dairy Sci., 83: 115-122.. 

Lewis, G.E.; Hunt, C.W., Sanchez,W.K., Treacher, R., Pritchard, G.T., P. Feng (1996). Effect of 

direct-fed fibrolytic enzymes on the digestive characteristics of a forage-based diet fed to 

beef steers. J. Anim. Sci. 74, 3020–3028. 



Hassan et al. 

 128 

Mandels, M; R.  Andreotti and C. Roche (1976). Measurement of Saccharifying Cellulase. 

Biotechnol. Bioeng. Symp., 6:17-23. 

McAllister, T.A.; S.J. Oosting; J.D. Popp; Z. Mir; L.J. Yanke; A.N. Hristov; R.J. Treacher; K. 

J., Cheng (1999). Effect of exogenous enzymes on digestibility of barley silage and growth 

performance of feedlot cattle. Can.J. Anim. Sci., 353–360. 

Miller, G. L. (1959). Use of dinitrosalicyclic reagent for the determination of reducing sugars. 

Analytical Chemistry, 31(3): 426-428. 

Moharrery, A.; T.Hvelplund and M.R. Weisbjerg (2009). Effect of forage type, harvesting time 

and exogenous enzyme application on degradation characteristics measured using in vitro 

technique. Anim. Feed Sci. Technol., 153: 178-192. 

Morgavi, D. P.; K. A. Beauchemin; V. L. Nsereko; L. M. Rode; A. D. Iwaasa; W. Z. Yang; T. 

A. McAllister; and Y. Wang (2000). Synergy between ruminal fibrolytic enzymes and 

enzymes from Trichoderma longibrachiatum. J. Dairy Sci. 83:1310–1321. 

Nsereko, V.L., D.P. Morgavi, L.M. Rode, K.A. Beauchemin and T.A. Mc Alliater (2000). 

Effects of fungal enzyme preparations and hydrolysis and subsequent degradation of alfalfa 

hay fiber by mixed rumen microorganisms in vitro. Anim. Feed Sci. Technol., 88: 153-170. 

SAS (2001). SAS/STAT. User’s Guidefor personal computers. ( Release 6.12) .SAS.  Institute 

Inc., Cary, NC, USA  

Tilley J.M.A. and  R.A. Terry (1963). A two-stage technique for the in vitro digestion of forage 

crops. J. Br. Grassl. Soc. 18, 104-111. 

Wallace, R. J.; S. J.Wallace; N.McKain; V.L. Nsereko and G. F. Hartnell (2001). Influence of 

supplementary fibrolytic enzymes on the fermentation of corn and grass silages by mixed 

ruminal microorganisms in vitro. J. Anim. Sci. 79:1905-1916. 

Whitaker, J.R. and R.A.  Bernhard (1972). Experiments for an Introduction to Enzymology. 

The Whiber press, Davis. 

Yang, W. Z.; K. A. Beauchemin and L. M. Rode (1999). Effects of enzyme feed additives on 

extent of digestion and milk production of lactating dairy cows. J. Dairy Sci. 82:391–403. 

Yang, H. E.; Y. S. Son and K. A. Beauchemin (2012). Effects of Exogenous Enzymes on 

Ruminal Fermentation and Degradability of Alfalfa Hay and Rice Straw. Asian-Aust. J. 

Anim. Sci.  24(1): 56 - 64 

 



Effect of predigested local forages with exogenous fibrolytic enzymes on chemical composition 

 

 
 

129 

 بالانزيماا  المحللاة للاليااف  فاي التراياي الئيمياا ي  المتوفرة محلياا   تاثير الهضم الاولي للاعلاف الخشنة

 ومعامل الهضم المختبري

 

 *جمال عبد الرحمن توفيق، **انمار عبد الغني مجيد الوزير *شاار عبد الامير حسن،

 *قسم الثروة الحيوانية، الية الزراعة، جامعة بغداد، العراق

 ** قسم الثروة الحيوانية، الية الزراعة، جامعة الئوفة، العراق

 

معرفة تاثير الهضم المسبق بالانزيمات المحللة للالياف لبعض الاعلاف الخشنة المتوفرة محلياً مثل اجريت هذه الدراسة ل

 21دريس الجت، تبن الشعير، القصب البري ومزيج منه وذلك لزيادة كفاءة الاستفادة منها. تمت معاملة هذه الاعلاف لمدة 

 الذي يحتوي على مزيج من الانزيمات. Farmazyme% من خليط الانزيم التجاري 3و  1، 2، 0ساعة بالمستويات 

( في محتوى المادة P<0.01اظهرت نتائج التحليل الكيميائي للاعلاف الخشنة المعاملة بالانزيم زيادة عالية المعنوية )

ومستخلص محتوى المادة العضوية ( في P<0.01الجافة والمادة غير العضوية ) الرماد(، مع انخفاض عالي المعنوي )

 وعدم تاثر اللكنين ومحتوى  البروتين الخام في تلك الاعلاف بالمعاملة.لياف المتعاد  الا

( في معامل الهضم المختبري للمادة الجافة P<0.01اظهرت نتائج تجربة الهضم المختبري زيادة عالية المعنوية )

ل كرش الماعز ادى الى زيادة عالية والمادة العضوية لهضم دريس الجت فقط مع سائل كرش من الاغنام وان استخدام سائ

 المعنوية في معامل هضم المادة العضوية فقط لدريس الجت. 

الاستنتاج: تفوق معامل هضم المادة الجافة والعضوية لدريس الجت المعامل بالانزيم مقارنة مع غير المعامل، بينما لم    

تاثير معنوي لمستوى الانزيم المستخدم بالمعاملة على معامل  يتأثر القصب البري بالمعاملة المسبقة بالانزيم. لم يكن هناك

% كما لم يوجد أختلاف معنوي في معامل هضم المادة 3هضم المادة الجافة او المادة العضوية مع تفوق حسابي للمستوى 

 ري. الجافة او العضوية للاعلاف الخشنة عند استخدام سائل كرش الاغنام او الماعز في تجربة الهضم المختب

 .: دريس الجت، تبن الشعير، القصب البري، معامل الهضم المختبريالئلما  المفتاحية 


