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ABSTRACT 
 

Biological treatment is a new method for the improving the nutritive value of 

lignocelluloses materials which are the most abundant in agricultural residues. The most 

common cellulolytic microorganisms are fungal cultures (Aspergillus oryzae and 

Saccharomyces cerevisiae) and actinomycetes and other bacteria which have the ability 

to produce sufficient amount of cellulase and hemi-cellulase enzymes which are capable 

of degrading the lignocelluloses material [1]. The biological treatments include bacterial, 

fungal and enzymatic additives. Each microbial species possesses a unique combination 

of characteristics, including substrates utilized, types and ratios of fermentation products, 

and growth yield [2]. The attachment of microbes to feed particles and the nitrogenous 

substances play important roles in the biosynthesis of protein by different organisms [3]. 

Thus, in order to increase digestibility of these roughages, it is important to destroy the 

linkage between cellulose, hemi-cellulose and lignin or to destroy the compact nature of 

the tissue, so that lignified tissue is separated from non-lignified tissues. There have been 

attempts to do that by mechanical, chemical or biological treatments and enriching 

treatments. Whereas, physical treatment means that reducing particle size for ensiling and 

install-feeding and that reduction of particle size can be achieved using a power driven 

chopper or a hand operated chaff cutter; this mean that the surface area of non-lignin 

material exposed to microbial attack in the rumen is increased, thus increasing the rate of 

digestion, thereby reducing a possible limitation to intake [4] and the smaller the particle 

size the less scope there is for selection. 

The use of feed enzymes in feed ruminants has been viewed with considerable 

skepticism, but in recent years a considerable number of studies on this topic have been 
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conducted. The majority of these experiments were designed with the expectation that a 

fibrolytic enzyme should increase the degradability of feed in the rumen, and this 

response has been observed in many of these studies [5, 6]. However, lack of effects [7, 

8] or even negative effects [9] have also been detected. These inconsistencies could be 

attributed to differences in crude enzyme preparations, type of diets fed to the animals 

and enzymes application methods [10]. Exogenous fibrolityc enzymes might enhance 

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

by doing so, accelerate the rate of digestion [11]. Due to the importance of forage in 

ruminant feeding, the possibility of improving its nutritive value by adding exogenous 

enzymes should be explored. Most of studies with enzyme-treated forages have been 

conducted with good-quality forages, but limited data are available involving application 

of exogenous enzymes to fibrous feeds. 

In this chapter, we aim to help solve this problem with nutritional scientists and their 

efforts to find methods to improve the utility of these by-products in feeding ruminants. 

Enzymes have been recently used in the ruminant rations to degrade fiber contents to 

make it easier for digestion, to be more useful for the micro-organisms and flora which 

are the main source of the microbial protein in the ruminal media and to reduce the costs 

of the ration. 

 

 

WHAT ARE ZAD
®

 AND ZADO
®
? 

 

The enzyme product of ZAD
®

 is a bio-technical product made from natural sources to 

elevate the level of cellulase enzymes from anaerobic bacteria which can convert the 

polysaccharide into monosaccharide by specific enzymes, such as cellulase 8.2 U/g and 

hemicellulase 6.2 U/g, in addition to activation of amylase 64.4 U/mg and protease 12.3 U/g. 

The two products are intended to provide tools to improve the nutritive value for fibrous 

materials through ZAD
®
 and ZADO

®
 is designed to improve the rumen kinetics and overall 

animal digestion. 

The ZAD
®

 is used in treating a lot of agricultural byproducts such as rice straw, corn 

stalks, bagasse, etc… Also it was applied to (dried distillers grains with solubles) and citrus 

pulp. This mix between anaerobic enzymes and those by-products ended up making improved 

products from the nutritive point of view, which provides a new line of animal feed that will 

help in reducing the feed cost. It will also create new products to help give nutritionists the 

freedom of choice in building up more suitable feeding programs. 

The anaerobic enzyme matrix of ZAD
®

 and ZADO
®

 helps in breaking down the 

secondary compounds in the feed. It also increases the microbial populations, which will lead 

to an increase in the microbial protein either in the reticulo-rumen area or by-pass through the 

digestive tract. An increase in the total volatile fatty acids is noticed. In some research work 

an improvement in the animal’s immunity is observed. An improvement in the total 

digestable nutrients of the ration is recorded in all trials. That goes hand by hand with the 

elevations of the animal digestion coefficients in large or small ruminants. 

 

 

IN DAIRY ANIMALS 
 

Positive effects of adding exogenous enzymes to ruminant diets have been reported for 

lactating dairy cows and growing cattle. Dairy cows fed forage treated with a fibrolytic 
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enzyme additive ate more feed and produced 5–25% more milk, improved the energy balance 

of transition dairy cows and increased milk production in small ruminants. 

In feedlot cattle, fibrolytic enzymes have improved live weight gain by as much as 35% 

and feed conversion ratio by up to 10%. A commercial exogenous enzyme mixture (ZADO
®

), 

prepared from anaerobic bacterium, has been shown to improve ruminal fermentation, N 

balance and nutrient digestibility, as well as milk yield of cows fed diets containing Egyptian 

by-product feeds as well as LW gain and feed conversion of wheat straw in sheep and goats 

[12, 13, 14, 15]. 

Output of milk and milk energy was higher for cows fed the enzyme supplemented diet 

However, increased milk yield for cows fed with enzymes was not accompanied by increases 

in yield of milk components, except crude protein (CP), which was increased by the addition 

of enzyme products [16]. In addition some studies of the effect of ZADO
®

 on dairy cows 

performance is listed in table 1. 

 

 

NUTRIENT INTAKE AND DIGESTIBILITY 
 

Rode et al. [21] found that the digestibility of total mixed rations contained 24% corn 

silage, 15% alfalfa hay, and 61% barley concentrate was higher for cows fed the enzyme 

supplement, except for starch digestibility, for which enzyme supplementation had only a 

minor effect. The digestibility (%) were dry matter (DM) 61.7, 69.1; organic matter (OM) 

63.9, 70.6; neutral detergent fiber (NDF) 42.5, 51.0; acid detergent fibre (ADF) 31.7, 41.9; 

Starch 94.1, 95.5; CP 61.7, 69.8. They found that Intake of DM and other nutrients was not 

affected by enzyme supplementation and this lack of effect of enzymes on dry matter intake 

(DMI) was consistent throughout the experiment. 

Fifty Holstein cows in an experiment were used to evaluate the dose response to a direct-

fed cellulase and xylanase enzyme mixture applied to the forage portion (60% corn silage and 

40% alfalfa hay) of a total mixed ration just prior to feeding. Cows were fed one of five 

treatment diets for 12 weeks. 

Diets 1 through 4 were 55% forage: 45% concentrate and consisted of an untreated 

control and the control diet plus 0.7, 1.0, or 1.5 L of enzyme concentrate/ton of forage DM. 

They found that DMI were similar for cows fed all diets, and all diets were readily consumed 

[22]. 

 

Table 1. Doses and effects of ZADO
®
 on dairy cows performance 

 

Doses 

(g/h/d) 
Animal Effects Ref. 

20  
Lactating Baladi 

Goats 
Increasing the milk production by 5.5% [17] 

40 Brown Swiss cows Increased milk production for 12.8 to 15.7 L/head/day [16] 

40 Friesian cows Increased milk production for 24.2 to 26.1 L/head/day [18] 

40 Brown Swiss cows Increased milk production by 20% / head /day [19] 

20 Lactating ewes Increased milk production by 26% / head /day [20] 

40  Friesian cows Increased milk production by 25% under heat stress [15] 
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Digestion of the NDF fraction by lactating cows was numerically greater after 12h of 

incubation for forages treated with a low level of a cellulase and xylanase enzyme and high 

levels of a cellulase and xylanase enzyme mix, respectively, compared to untreated forage, 

but these differences were not statistically different. After 48 h, NDF digestion of forage 

treated with a high level of a cellulase and xylanase enzyme mix was lower than the control 

but not different from forage treated with low levels of an alternative cellulose and xylanase 

enzyme mix. The diets had similar chemical compositions. The DMI was not affected by 

treatment and averaged 22.1 kg/d [23]. 

Digestibility of OM, NDF and ADF was increased in comparison to the control when 

enzymes were added to the entire concentrate on the ration of lactating Holstein cows. They 

found that cows receiving the enzyme applied to concentrate had a significantly higher DM 

and OM digestion compared to cows receiving the control or the enzyme applied to premix. 

Digestion of NDF and ADF digestion was also increased in enzyme products added to 

concentrate fed cows compared to control. Cows receiving enzyme products added to 

supplement and enzyme products added to premix treatments showed a non-significant, 

intermediate increase in nutrient digestibility compared with control. The digestibility (%) 

were: 65.1,72.6,70.1 and 65.9 for DM; 66.6, 73.8, 71.4 and 67.2 for OM; 44.3, 55.6, 50.6 and 

46.9 for NDF; 43.6, 55.6, 50.2 and 47.4 for ADF for treatments control, enzyme applied to 

concentrate, enzyme applied to supplement, enzyme applied to premix. They found that DM 

and other nutrient intakes were not significantly altered by inclusion of the enzyme product 

[24]. Holstein dairy cows were fed to evaluate production responses to cellulase, xylanase and 

ferulic acid esterase enzyme application on the forage portion of the diet. They found that 

cows fed diets containing untreated forage or enzyme-treated forage had similar DMI [25]. 

Digestibility of DM was similar for control and enzyme-supplemented diets in early 

lactation cows, but in late lactation cows, DM digestibility was numerically greater with the 

enzyme addition compared to the control. The values were 64.0, 63.9, 58.2 and 61.1 for 

control and enzyme for early and late lactation respectively. 

Apparent NDF digestibilities were not affected by enzyme treatments. Apparent P 

digestibility, milk phosphorus (P), and P retained in body tissue were not significantly 

affected by enzyme treatment or by the interaction of stage of lactation and treatment. They 

found that DMI was numerically, but not significantly, greater in cows fed the diet containing 

the enzyme formulation compared to those fed control diets. The values were DMI, kg/d 25.5, 

26.7, 24.3 and 24.3 for control and enzyme, for early and late lactation respectively [26]. 

Biological treatments on chemical composition and in vitro and in vivo digestibilities of 

poor quality roughages; they found that there were differences among treatments detected in 

DM, OM, crude fibre (CF), nitrogen free extract (NFE), ADF, hemicellulose and cellulose 

digestibilities. 

Also, the differences between treatments in CP, ether extract (EE) and NDF digestibilities 

were significant. All biological treatments increased the values of nutrient digestibility 

coefficients than those in control. Rations treated with fungal treatments showed the highest 

digestion coefficient for all nutrients followed by yeast treatment and then control, which 

recorded the lowest values of nutrient digestibilities [27]. 

The values of DMI were 20.67, 21.13, 20.86 and 20.43 for control; enzyme sprayed on 

total mixted ration (TMR); enzyme sprayed on concentrates; enzyme infused into rumen. 

Total tract DM digestibility did not differ significantly from control for any of the treatments 

but was significantly higher on enzyme sprayed on TMR than on enzyme sprayed on 
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concentrates. There were no differences in intake of NDF, NDF digestibility in the rumen was 

lower on the enzyme sprayed on TMR than on control or enzyme product infused into rumen 

[28]. 

Supplementing diets of Awassi ewes and Shami goats with exogenous fibrolytic enzyme 

on birth and weaning weight of lambs and kids and on milk production of dams in the first 60 

days of lactation had no effect on feed intake. The DMI for treated and untreated diet with 

enzymes was (kg per head per day) 2.28, 2.30, 2.19 and 2.23 for Awassi ewes and Shami 

goats. 

They studied the efficacy of direct feeding a fibrolytic enzyme on lamb digestibility and 

on the performance of growing milk-type calves and kids. They found that fibrolytic enzymes 

increased DM and OM digestibilities of treated lambs compared to those of control. A similar 

trend was observed for the CF, NDF and ADF digestibility coefficients. Treated lambs had 

higher digestibilities than untreated ones. There were no differences observed in CP 

digestibility between treated and control lambs [29]. 

Treated corn straw and bagasse with ZAD
®
 compound, they found that ZAD

®
 treatments 

increased digestibility of DM, OM, CP, EE, NFE, NDF, hemicelluloses and Cellulose 

compare with untreated material [30]. Degradabilities of DM, NDF, and hemicellulose from 

ammonia untreated rice straw at 24 h of incubation were not affected by cellulases or 

xylanases enzymes. 

There was, however, an increase in ADF degradation using cellulases and degradability 

of the nonfibrous fraction was increased using xylanases. Degradability of the fibrous 

fractions (NDF, ADF, and hemicellulose) increased with proteases, while a combination of 

endoglucanases, xylanases, and a fibrolytic enzyme, increased DM degradability mainly due 

to increased degradability of the non-fibrous fraction [31]. The properties used to improve the 

nutritional value of poor quality roughages (berseem hay, bagasse, wheat straw and rice 

straw) were biological treatments such as fungi (Trichoderma reesei and Trichoderma 

kongei) and fibrolytic enzymes mixture (1, 2 and 3%). He found that DMI was slightly 

increased with animals fed on treated silage compared with control [32]. 

The effects of an
 
Aspergillus oryzae extract containing amylase activity on performance

 

and carcass characteristics of finishing beef cattle. Supplementation of α-amylase increased 

DMI
 
and average daily gain (ADG). The increases in ADG were related

 
to increased DMI and 

efficiency of gain during the initial 28-d
 
period but were primarily related to increased DMI 

as the feeding
 
period progressed rates in the low to medium range [33]. 

The nutritive value of Atriplex halimus (AH) foliages in presence of ZADO
®
 in sheep 

was also evaluated. Addition of ZADO
®

 to either fresh AH or sun-dried AH diets improved 

all nutrient compounds digestibility. Total feed intake was unaffected by sun-dried or ZADO
®
 

treatments. Generally, addition of ZADO
®

 to AH-S diet had the highest improvement of feed 

intake, digestibility and nitrogen utilization than the other treatments [13]. 

The effect of ZADO
®

 on feed intake, apparent digestibility and animal growth 

performance of sheep and goats fed wheat straw ad lib. as a basal diet and commercial 

concentrate with or without 10g/animal/d of ZADO
®

; feed intake was not affected by the 

addition of ZADO
®

 in sheep or goats but it improved the nutrients digestibility coefficients as 

well as the total digestible nutrient of feed in sheep and goats. Addition of ZADO
®

 increased 

the NDF digestibility of diet and the improvement was more in goats than sheep [34]. 
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RUMINAL FERMENTATION AND MICROBIAL PROTEIN SYNTHESIS 
 

Ruminal pH, was lower for steers receiving enzyme treatments than for control (water 

applied to grass forage at feeding) (5.97 vs. 6.03). The values were 6.03, 6.01, 5.97, 5.92 and 

5.96 for treatments control, enzyme applied to grass forage 24 h before feeding, enzyme 

applied to grass forage at feeding enzyme applied to barley supplement at feeding, enzyme 

ruminally infused 2 h after feeding. Ruminal control, concentrations of volatile fattey acids 

(VFA) was greater at 16 h for steers fed enzyme treatments (average 136.5 mm/L) than for 

control, (104.0 mm/L). Molar percentage of individual ruminal VFA was not affected by 

treatment. Steers fed enzyme treatments tended to have greater ruminal NH3-N than control, 

whereas it was lower in steers receiving the enzyme applied to the barley supplement at 

feeding treatment than enzyme applied to grass forage 24 h before feeding and enzyme 

applied to grass forage at feeding. The values were 4.5, 5.5, 4.8, 4.4 and 5.7 for treatments 

control, enzyme applied to grass forage 24 h before feeding, enzyme applied to grass forage 

at feeding enzyme applied to barley supplement at feeding, enzyme ruminally infused 2 h 

after feeding and control [35]. Beauchemin et al. [36] found that Ruminal pH and total VFA 

concentrations were unaffected by grain source or enzymes treatments, the values were pH 

6.03, 6.12, 6.02 and 6.05; VFA, (mM) 103.5, 101.1, 102.5 and 103.0. Ruminal NH3-N 

concentration was lower for cows fed the hull-less barley (treated or not treated by enzymes) 

diets than for cows fed the barley diets. The values were NH3-N, (mg/L) 124.0, 118.3, 88.1 

and 98.4. 

The VFA concentration was also numerically higher for cows fed diets containing 

enzymes than for cows fed the control diet (enzyme vs. control: 130 vs. 122 mM). Proportion 

of propionate in the total VFA also was numerically higher for cows fed diets containing 

enzymes than for cows fed the control diet. Consequently, the ratio of acetate to propionate 

was numerically lower for cows fed diets containing enzymes than for cows fed the control 

diet. The values of NH3-N were mg/L 108.3 119.2 105.6 106.9; the pH values were 5.85, 

5.88, 5.83 and 5.91 for the control Diet that contained alfalfa hay cubes treated with 1 g of 

enzyme mixture/kg of hay, a diet that contained alfalfa hay cubes treated with 2 g of enzyme 

mixture/kg of hay and a diet that contained both alfalfa hay cubes and concentrate treated 

with 1 g of enzyme mixture/kg of DM [37]. 

Ruminal fermentation measurements taken pre-feeding showed no differences between 

enzymatic and non-enzymatic treatment. The enzyme product added to the supplement and 

the enzyme product added to the premix treatments had differing molar proportions of 

propiona, but neither treatment differed from the control. The differences in propionate 

concentration led to differences in the acetate to propionate ratio between these two 

treatments. The NH3-N concentration in the rumen at both pre- and post-feeding did not differ 

between treatments [38]. 

There were no significant effects on daily mean pH or concentrations of NH3-N or total 

VFA although pH was numerically lower and NH3-N concentration was numerically higher 

with all the enzyme treatments than with the control. The values were pH 5.88, 5.76, 5.76 and 

5.74; NH3-N, mM 10.1, 11.0, 11.9 and 11.3; Total VFA, mM 129, 129, 129 and 133. For 

cows fed the control diet; enzyme sprayed on TMR; enzyme sprayed on concentrates and 

enzyme infused into rumen [28]. ZAD
®

 compound increased rumen pH, rumen TVFA's and 

NH3-N concentration for treated animals compare with untreated ones [30]. 
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The NH3-N concentration values were high for animals receiving biologically treated 

sugar beet pulp compared with those fed the control ration. Ruminal TVFA's values showed 

that treated sugar beet pulp (SBP) was to replace 0% of corn grain included in the concentrate 

feed mixture and the group that treated SBP was to replace 50% and had higher values of 

TVFA's at 0, 3 and 6 hours sampling time compared with the group that treated SBP was to 

replace 75% of corn grain included in the concentrate feed mixture and the group that treated 

SBP was to replace 100% of corn grain included in the concentrate feed mixture. The pH 

values for all tested rations are found to be within the normal range [39]. 

However, Gado et al. [40] showed that NH3-N concentration reached the maximum after 

3 hours of feeding in all treatments. However, NH3-N concentration were significantly higher 

in the treated groups than the control group. After 6 h of feeding NH3-N concentration tended 

to decrease in all groups. Rice straw treated with fungus maintained the highest value of 

ruminal total VFA after 3 h of feeding followed by ZAD
®

 treatment, ZAD
®
 with fungus and 

the lowest values recorded for the control group. The lowest pH values were recorded after 3 

h of feeding for the different treatments. 

Kholif [32] studied the properties to improve the nutritional value of poor quality 

roughages (berseem hay, bagasse, wheat straw and rice straw) by using biological treatments 

such as fungi (Trichoderma reesei and Trichoderma kongei) and fibrolytic enzymes mixture 

(1, 2 and 3%). He found that rumen liquor was more acidic when goats were fed on fungal 

treated silage followed by goats fed on fibrolytic enzyme treated silage compared with the 

control. Total VFA values were slightly increased with biological treated silage compared 

with the control. Ruminal total N and true–protein nitrogen were significantly increased with 

fungal treatment followed by fibrolytic enzyme treatment and then control. Non-protein 

nitrogen and NH3-N were not significantly affected by biological treated silage compared 

with the control. Borhami et al. [41] studded the effect of fungi and ZAD
®

 as biological 

treatments on the nutritive value of peanut hay. They found that rumen NH3-N concentration 

and its rates of production were significantly higher with ZAD
®

 treatments. TVFA were 

higher with fungi treatments than ZAD
®

 and control treatments. 

 

 

BEEF AND DAILY GAIN 
 

Bakshi and Langar [42] found that incorporating Agaricus basporius in pelleted 

concentrate mixture either at 20 or 40% (on nitrogen basis) had no significant effect on the 

daily DMI as g/kg BW
0.75

. Also, in a switchover design study by Ahuja et al. [43], eight 

crossbreed male sheep of about 15 months old and weighing 50kg were given daily for one 

month (0.5kg concentrate mixture , 3kg green fodder and 0.5kg spent rice straw (6% CP) after 

harvesting the mushroom (Volvariella volvacea) or 0.5kg untreated wheat straw). Concerning 

the avarege daily gain (i.e., ADG) and DMI, there were no significant differences between the 

groups. They concluded that spent rice straw could serve as roughage for sheep. In a 138 day 

fattening trail, 42 steers (Hungarian pied x Holstein-Friesian) weighing 400kg, were given 

daily (2kg maize, chopped green maize plant or barely silage ad libtum and spent wheat straw 

after harvesting the mushroom (Pleurotus ostreatus) 0, 3, 4.5 or 6 kg in place of hay 3, 2, 1 or 

0 kg, respectively. Results obtained showed that final body weight, ADG and DMI of steers 

were not affected by wheat straw intake [44]. 
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Deraz [45] found that ADG of ossimi lambs fed biological treated rice straw for 154 days 

was 106 g/day comparing with those fed control ration (80.06 g/d). The same author reported 

that feed conversion values were 8.27 kg feed/kg gain for lambs fed biological treated rice 

straw comparing with 9.88 kg feed/kg gain for the control group. The treated group was more 

efficient than the control group. On the other hand, Kholif [46] revealed that DMI as g/h/d or 

g/kg BW
0.75 

was slightly increased for goats receiving rations containing dried banana wastes 

biologically treated with Penicillium funiculusms. However animal weights were not affected 

by feeding rations containing fungal treated waste. 

It was shown in 1960 that feeding a mixture of amylolytic, cellulolytic and proteolytic 

enzymes (Agrozyme; 1.5, 3 and 6 g/day), as well as a potentproteolytic enzyme (Ficin, Merck 

and company; 5, 10 and 20 mg/day) did not alter feed conversion or the ADG of fattening 

lambs fed ground maize or lucerne hay [47]. McAllister et al. [8] have also found that 

fibrolytic enzymes did not increase DMI or ADG by lambs fed lucerne hay- or barley-based 

diets. Gado [48] reported that increasing the concentration of cellulase enzyme had a positive 

reflection on ADG in bagasse treatments in comparison with control treatment. Knowlton et 

al. [49] found that cows fed diets containing the enzyme formulation gained more weight than 

those on the control diet. Titi and Lubbadeh [29] reported that there were no significant 

differences in average birth weights between treated and untreated groups for both awassi 

lambs and shami kids. The same authors investigated the efficacy of direct feeding a 

fibrolytic enzyme on lamb digestibility and on the performance of growing milk-type calves. 

They found that average initial weights were similar for treated and untreated groups in both 

sexes. Final weights were higher for treated males than controls, while no differences were 

observed between treated and untreated female calves. Males fed cellulase had higher growth 

performance than unfed males. Total gain and ADG were higher for the treated males than 

those of untreated ones. It appeared that fibrolytic enzymes could improve growth 

performance of dairy male calves under fattening conditions. Zewil [50] found that feeding ad 

lib. biological treated rice straw recorded the highest ADG of 122 g/d while the control ration 

recorded the lowest value about 65 g/d. Salem et al. [34] found that the ADG and feed 

efficiency were improved by addition of ZADO
®

, for sheep and goats fed wheat straw ad lib. 

as a basal diet and commercial concentrate with or without 10g/animal/d of ZADO
®
 and the 

improvement was more in goats than sheep. Tricarico et al. [33] examined the effects of an
 

Aspergillus oryzae extract containing amylase activity on performance
 

and carcass 

characteristics of finishing beef cattle. They found that α-amylase supplementation increased 

DMI
 
and ADG. The increases in ADG were related

 
to increased DMI and efficiency of gain 

during the initial 28-d
 
period but were primarily related to increase DMI as the feeding

 
period 

progressed. Some studies of the effect of ZADO
®

 or ZAD
®

 are listed in table 2. 

 

 

IN INDUSTRIAL BY-PRODUCTS 
 

The ZAD
®

 treatment to the experimental by-products decreased the NDF and ADF. It 

was observed that the amount of degradation in NDF and ADF differed according to type of 

by-products. 

That could be to the geometric structure differences for each fiber content in the tested 

agriculture by-products. Other reports have also shown increases in DM, particularly fiber, 
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digestibility with fibrolytic enzyme addition [12, 52]. Bowman et al. [24], for example, 

reported a 25% increase in total tract NDF digestibility with a fibrolytic enzyme product, but 

it appeared that most of the impact was post-ruminal. Cellulases and xylanases usually act 

synergistically to hydrolyze the forage cell wall [53]. Thus, it is possible that an ideal ratio of 

endoglucanase and xylanase is needed to enhance the effectiveness of exogenous fibrolytic 

enzymes [54]. Indeed, exogenous fibrolytic enzymes can access greater surface area 

compared with cell-bound microbial enzymes. The crystalline regions of cellulose are not 

easily accessible to endocellulases, whereas the amorphous regions can be attacked by 

endocellulases and exocellulases [53]. There was an effect of ZAD
®
 on DM digestibility 

which showed an increased in in vitro dry matter digestibility (IVDMD). The highest increase 

was in bagasse followed by corn stalks and rice straw. The enzyme product evaluated in our 

study showed higher xynalase than cellulase activity, which could have improved the 

degradation of alfalfa hay but not of high fiber forages. 

Indeed, exogenous fibrolytic enzymes can access greater surface area compared with cell-

bound microbial enzymes. The quadratic effects of enzymes on in vitro degradation were 

seen, in general, as the best improvement of in vitro digestibility when all tested roughages 

were treated with 3L of ZAD
®

 for 4 weeks ensiling time. 

There was an increase in digestibility coefficient for DM, OM, CP and CF in bagasse, 

rice straw and corn stalks. Ether extract (i.e., EE) digestibility coefficient was increased only 

in animals fed treated rice straw. Neutral detergent fiber (i.e., NDF) and ADF digestibility 

coefficient and total digestible nutrients increased for all three experimental materials. 

These improvements on NDF degradation could induce greater DMI [55] by reducing 

physical rumen fill, increasing the energy density of diets and stimulate microbial N 

production [56]. A 1% increase in forage NDF in vitro degradation has elicited a 0.17kg 

increase in DMI and a 0.25kg increase in 4% fate corrected milk yield [56]. Thus, the 

increases in NDF degradation observed in our in vitro and in sacco assays could potentially 

increase daily up to 1.0kg of DMI, which might improve the productivity of cattle fed diets 

contain ZAD
®
 treated agriculture by-products. Digestibility data obtained in the present study 

are within those obtained in many previous studies [57, 58, 59, 60]. ZADO
®

 activity starts 

immediately after feeding it to the animals. It works on the microflora directly which reaches 

its peak after 48h from feeding. 

 

Table 2. Doses and effects of ZADO
®
 or ZAD

®
 on growth performance in ruminants 

 

Enzyme Doses Animal Effects Ref. 

ZADO® 20g/head/day Goats Increased ADG by 34% [20] 

ZAD® 3l/ton DM Goats Increased ADG by 29% [48] 

ZADO® 40g/head/day Steers Increased ADG by16% [12] 

ZADO® 10g/head/day Sheep Increased ADG by 41% [18] 

ZAD® 

+ZADO® 

3L of ZAD®/ton DM 

+5kg ZADO®/ton 

DM 

Sheep 
Increased ADG from 130g to 250 g 

/head/day (sheep fed citrus pulp) 
[51] 

 

The main action will be on the rumen kinetics and the improvements on overall 

performance of the microflora effectiveness on utilizing the feed ingredients that usually 

reflects on the animal performance of either milk or meat production [14]. It was shown in the 
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1960 that feeding a mixture of amylolytic, cellulolytic and proteolytic enzymes (Agrozyme; 

1.5, 3 and 6 g/day), as well as a potent proteolytic enzyme (Ficin, Merck and Company; 5, 10 

and 20 mg/day) did not alter feed conversion or the ADG of fattening lambs fed ground maize 

or lucerne hay [47]. 

 

 

IN AGRICULTURAL BY-PRODUCTS 
 

Simple sugars that can be used as fermentable substrates by homolactic bacteria. 

Therefore fibrolytic enzyme application should make the silage fermentation more homolactic 

and result in a reduction in proteolysis and DM losses in addition to increasing the 

digestibility of the forage [61]. There are two primary reasons for adding fiber-digesting 

enzymes to silage. First these enzymes could partially digest the plant cell walls (cellulose 

and hemicellulose) yielding soluble sugars which could be fermented by lactic acid bacteria 

to lower the silage pH. 

This would stimulate silage fermentation and improve fermentation quality by increasing 

the rate and extent of decline in pH, increasing the concentration of lactic acid, improving the 

lactic acid: acetic acid ratio (which is indicative of greater efficiency of fermentation), and 

hence reduce DM losses. A faster decline in pH would also limit degradation and deamination 

of forage proteins and reduce NH3 production. In addition, partial digestion of the plant cell 

wall may improve the rate and/or extent of digestibility. 

In order to take place the rate of cellulose hydrolysis must coincide with early growth of 

lactic acid bacteria. For an improvement in digestibility, a change in the association of cell 

wall components must occur. Jaster and Moore [62] found that haylage pH was 4.4 for the 

untreated and 4.2 for treated haylage with cellulase and amylase. Kung et al. [63] treated a 

mixture of barley and hairy vetch with microbial inoculants (1 x 105 CFU/g of wet forage) or 

cellulase enzyme complex (0.5% of wet weight). They found that microbial inoculant reduced 

silage pH, acetate and NH3-N, but lactic acid concentration were increased. 

Addition of cellulase enzyme reduced silage pH but did not affect acid or fiber 

concentration. Eun et al. [31] found that addition of enzyme to untreated rice straw or 

ammoniated rice straw did not influence total VFA production. Concentration of NH3-N was 

higher for untreated rice straw compared to ammoniated rice straw, but it was generally not 

increased when enzymes were added to untreated rice straw or ammoniated rice straw, except 

in the case of proteolytic enzyme added to ammoniated rice straw which increased 

concentration of NH3-N. Stokes [64] treated second cut crop mixed grass legume with an 

enzyme mixture containing cellulase, xylanase, cellobiase and glucose oxidase. He found that 

enzyme treatment reduced silage pH, concentrations of xylose and total sugars and increased 

titratable acidity and buffering capacity. Furthermore, Fredeen and McQueen [65] reported 

that the concentration of lactic acid tended to be higher, and the pH tended to be lower, in first 

cut alfalfa silage treated with enzyme (cellulase, amylase and glucose oxidase). Chen et al. 

[66] observed that fermented hay crop silage with commercial carbohydrates enzyme (220 

ml/ton) significantly reduced silage pH and acetic acid concentration and increased titratable 

acidity, lactic acid concentration and lactate: acetate ratio. Yang et al. [67] found that 

Fermenter pH was not affected by the enzyme supplementation regardless of pH level. Total 
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VFA concentration was not affected by enzyme supplementation, molar proportion of acetate 

was higher and that of propionate was lower with enzyme supplementation than with control. 

Dean et al. [68] compared the efficacy of four proprietary cellulase, xylanase preparations 

for improving the digestion and fermentation of five-week growth, Tifton 85 Bermuda grass 

silage. They found that although all the enzymes had some beneficial effects on the 

fermentation, one enzyme (Promote, Cargill Corp., St. Louis, MO) proved to be outstanding. 

This enzyme hydrolyzed the cell walls in the grasses into sugars, which stimulated the growth 

of homolactic bacteria and resulted in reductions in DM losses, pH, proteolysis and water-

soluble carbohydrate utilization, and increased the lactic acid concentration. This enzyme also 

increased the 6 and 48 h DM digestibility and the 48 h NDF and ADF digestibility of the 

grass. This study clearly demonstrated that preparations that contain similar enzymes can 

have different effects on polysaccharide hydrolysis, because of differences in the 

concentrations and activities of the component enzymes. 

Eun et al. [31] found that Total VFA production was higher for ammoniated rice straw 

compared to untreated rice straw and the addition of enzyme to untreated rice straw or 

ammoniated rice straw did not influence total VFA production. Molar proportions of acetate 

decreased when proteases were added to untreated rice straw. 

Molar proportions of propionate from untreated rice straw increased by adding all 

enzyme products, except for cellulases. As a result, adding combination of endoglucanases 

and xylanases or proteases to untreated rice straw decreased the acetate:propionate ratio. 

For ammoniated rice straw, molar portion of acetate decreased with xylanases, xylanases, 

or proteases, whereas molar portion of propionate increased only when xylanases was added, 

resulting in a decreased acetate:propionate ratio for xylanases. 

Concentration of NH3-N was higher for untreated rice straw compared to ammoniated 

rice straw, but it was generally not increased when enzymes were added to untreated rice 

straw or ammoniated rice straw, except in the case of proteases added to ammoniated rice 

straw, which increased concentration of NH3-N. Eun and Beauchemin [54] found that total 

VFA production from alfalfa hay was increased by feed enzyme products and increased molar 

proportions of propionate but did not affect the acetate to propionate ratio. Total VFA 

production from corn silage was not influenced by enzyme treatment. 

However, the enzyme treatment generally decreased the molar proportion of acetate and 

increased the molar proportion of propionate, resulting in decreased acetate to propionate 

ratio. The molar proportion of butyrate was not affected by enzyme treatments. Giraldo et al. 

[69] studied the effects of exogenous cellulase supplementation on microbial growth and 

ruminal fermentation of a high-forage diet in Rusitec fermenters. They found that daily VFA 

production was increased by 15, 9, and 15% for cellulase from Trichoderma longibrachiatum, 

cellulase from Aspergillus niger, and a 1:1 mixture of both cellulases, respectively, with half 

of the increase being due to production of acetate. All enzyme treatments augmented methane 

production, but none of them altered the methane: VFA ratio. 

 

 

BIOLOGICAL TREATMENTS OF FIBROUS FEEDS 
 

The purpose is to allow microbes to degrade cellulose or lignin in residues as a means to 

improve its nutritive value. Biological methods may include: 
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4.1. Regular Ensilage 
 

Silage is the material produced by controlled fermentation of crop residues or forages 

with high moisture content. The purpose is to preserve forages by natural fermentation by 

achieving anaerobic conditions and discouraging clostridial growth. The ideal characteristics 

of material for silage preservation are: an adequate level of fermentable substrate (8-10% of 

DM) in the form of water soluble carbohydrate; a relatively low buffering capacity; and DM 

content above 200 g/kg. 

The ensiling material should also ideally have, after harvesting and chopping, a physical 

form that allows easy compaction in the silo. Materials such as maize stover and grass can be 

ensiled successfully, while crop residues such as rice and wheat straw, with low water soluble 

carbohydrate content, do not fulfill these requirements, and therefore pre-treatments, such as 

fine chopping or use of additives, or both, may be necessary. 

 

 

4.2. Microbial Ensilage 
 

Ensilage of whole fresh maize plants is only practiced for large-scale feedlots and dairy 

farms. Ensiling dry crop residues after reconstitution of moisture is usually the best way for 

preserving feeds. Ensiling dry crop residues involves actions such as chopping, reconstitution 

of moisture, pressing and mixing with certain additives, including micro-organisms such as 

lactic acid producing bacteria, cellulolytic bacteria, for proper fermentation and nutrient 

preservation. 

A large number of dry crop residues have been successfully ensiled with addition of a 

microbial. Meng et al. [70] ensiled wheat straw with addition of a specific microbial product 

containing bacteria that functions as lactic acid and propionic acid producers and cellulose 

degraders, and fed it to cross-bred steers. 

The results showed that microbial ensiling resulted in reduction of NDF, ADF, cellulose 

and hemicellulose, and an increase in in situ DM digestibility. In some feeding studies, it was 

shown that microbial ensilage of crop residues such as wheat straw, rice straw; maize stover 

or soybean straw caused increased ADG, DMI and feed conversion, and decreased feed cost 

per unit gain in growing ruminants. 

Several studies [71] also indicated that lactating cows fed diets based on microbial 

ensiled straw had increased milk and fat-corrected yield, and slightly higher milk fat 

percentages, compared with diets based on untreated straw. 

Another significant effect of microbial ensilage of dry crop residues is probably to 

hydrate and weaken plant structures so that less energy is expended on rumination. Ensiled 

crop residues usually have good palatability for ruminants, and thus high intake. In 

comparison with ammoniated straw, microbial ensiled residues give higher intake, faster rate 

of passage and therefore better performance. Another advantage of microbial ensilage is its 

low input cost for acquiring microbial products and accessories, e.g. plastic sheets, and 

therefore microbial ensilage is considered a better method to enhance the feeding value of dry 

crop residues. 
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4.3. Treatment with White Rot Fungi 
 

Because White Rot fungi can effectively attack lignin and cellulose, their use to treat 

lignocellulosic material to increase digestibility has been studied quite extensively. Xiao [72] 

treated wheat straw with strains of Cyathus stercoreus, Bjerkandera adusta, Dichomitus 

squalens, Pleurotus spp. and Pleurotus ostreatus for 30 days, and showed that treatment 

decreased NDF from 71.4 (control) to 67.4, 59.2, 62.7, 65.0 and 67.9%, and ADF from 53.1 

to 50.3, 45.1, 46.0, 50.0 and 51.3%, respectively. 

After fermentation by the five fungus strains, a considerable loss was found in lignin, 

from 23 to 44%, and in DM, from 11 to 17%. There was no apparent loss in cellulose and 

hemicellulose. When wheat straw was incubated in vitro with mixed rumen micro-organisms 

for 24 h, DM digestibility was increased 11 and 8% for the treatment with Bjerkandera 

adusta and Phleurtus spp. respectively, compared with the untreated control. Digestibility of 

straw with the other three strains did not change. 

It was also noted that most white rot fungi grew slowly on common crop residues and 

could not effectively compete against other microbes. Mahrous [73] studied the effect of 

fungus treatments (Cheatomium cellublyticum, Trichoderma viride and Cheatomium 

cellublyticum with Trichoderma viride) of cotton stalks. 

The results were a decrease in dry matter being 91.1, 90.5, 88.1 and 90.0%, respectively. 

There were substantial increases in CP of the fungal treated cotton stalks against other 

treatments being 3.7, 10.0, 8.8 and 11.2%, respectively. The ADF content of cotton stalks 

treated with group Cheatomium cellublyticum with Trichoderma viride recorded the lower 

value than those of untreated and treated with group Cheatomium cellublyticum or with group 

Trichoderma viride, being 43.1, 45.2, 44.5 and 43.2%, respectively. 

These observations suggest that effective breakdown of crop residue cell walls by white 

rot fungi in practice will require the selection or creation of better strains, and also further 

refinement of the current treatment techniques. 

 

 

4.4. Use of Mushroom-Substrate Residues 
 

Crop residues have been used as a substrate to grow mushrooms. The substrate residue 

after mushroom harvest can be used to feed animals. The most commonly used crop residues 

are cottonseed hulls, wheat straw, rice straw and maize stover. The residues usually have 

higher CP and lower CF contents compared with the original substrate. 

Research data has also indicated that some species or strains of mushrooms have strong 

enzymatic activities digesting cellulose and lignin. Regarding the feeding value of this 

residue, however, more work remains to be done before any overall recommendations can be 

given. 

 

 

4.5. Selection of Anaerobic Fungi for Better Fiber Degradation in the Rumen 
 

Filamentous structures of the rumen anaerobic fungi penetrate and substantially weaken 

the xylem cell walls of forages in the rumen, whereas the bacteria do not adhere to, nor 

degrade these highly resistant plant tissues to any significant extent. Rumen fungi, but not 
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bacteria, penetrate the cuticle barrier that protects the leaf's surface. Research indicates that 

these fungi have unique enzymes, or enzymes with higher specific activities, that give them 

the ability to weaken and degrade the most limiting structural barriers to degradation. On the 

basis of these observations it appears that research aimed at promoting the biomass of fungi in 

the rumen or the establishment of highly active rumen fungi (e.g. by selection) could be a 

major step forward in increasing the digestibility of poor quality forages by ruminants. The 

identification of strains of anaerobic fungi that most rapidly degrade the cell walls of forage 

plants is a necessary prerequisite to the successful inoculation of fungi into the rumen and 

which will nutritionally benefit the host. Culture, selection of strains and the identification of 

new species of anaerobic fungi, testing their ability to weaken plant fiber and improving the 

rate of digestion are worthwhile research areas for development. The research must include 

developments which allow selected strains to multiply in the rumen and to prevent the 

competition from wild strains. As rumen fungi are spread by resistant spores [74] which are 

passed in feces and then, when taken in by the animal in feed, multiply by sporulation in the 

rumen, the support of specific species to ensure the survival is a research area with a high 

priority. The selection criteria will include the measurement of the rate of solubilization of 

fibrous carbohydrates by selected fungi and the weakening of the forage stems following a 

period of incubation with the forages. 

 

 

4.6. Improving the Enzymatic Ability of Rumen Microbes to Degrade Fiber 
 

The concept is simple, if rumen microbes can be developed with greater abilities to 

degrade fiber, or its components, the microbes will be able to extract a greater amount of the 

available nutrients from the feed consumed. This often receives a high priority because of the 

concept that animals fed low quality feeds are primarily energy deficient. In fact, these 

animals more often are inefficiently using the available nutrients. It must be stressed that the 

application of balanced nutrition is the first priority and if other disorders of the system are to 

succeed an animal must have an efficient rumen and also metabolism. However, in an animal 

fed a roughage diet, with an efficient rumen and balanced for protein, it is possible that for 

every 5 unit increase in digestibility of the basal roughage resource, there will be 50% 

increase in ADG on the same basal feed resource [75]. Silva and Ørskov [76] demonstrated 

that the extent of breakdown of a fibrous feed was dependent on the rumen medium. 

Untreated ground straw placed in nylon bags, in the rumen of sheep fed ammoniated straw, 

was fermented to a greater extent than the same untreated ground straw placed in the rumen 

of sheep fed untreated straw. This difference might be due to a higher concentration of 

enzymes in the rumen of sheep fed ammoniated compared to untreated straw. The two 

observations discussed above, when combined, indicate the great potential for improvements 

in productivity from a successful establishment of a super bug in the rumen, i.e., a micro-

organism engineered to produce more, or a greater variety, of enzymes for fiber digestion. 

 

 

4.7. Enhance the Ability of Rumen Microbes to Degrade Fibrous Feeds 
 

There are potentially three ways to enhance the ability of rumen microbes to degrade 

fibrous feeds: 
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1 Selection of microbes, particularly with a high fibrolytic enzyme secretion or that 

secretes fibrolytic enzymes of high specific activity. 

2 Creation of microbes with a greater spectrum of enzyme secretions by recombinant 

DNA means, e.g. create cellulolytic capacities in xylolytic organisms and vice versa. 

3 Create microbes with enhanced fibrolytic activity by recombinant DNA means. 

 

In all cases, the prerequisite will be that the organisms are able to grow in and maintain 

their space in the rumen. These same prerequisites also apply to the production by genetic 

engineering techniques of high biological value proteins, other secretions of proteins, amino 

acids and peptides by rumen organisms. 

 

 

4.8. Enzymatic Treatment 
 

All animals use enzymes in the digestion of food, those produced either by the animal 

itself or by the microbes present in the digestive tract. Therefore, the supplementation of 

animal feeds with enzymes to increase the efficiency of digestion can be seen as an extension 

of the animal’s own digestive process. 

 

There are four main reasons for using enzymes in animal feed: 

 

1 To break down anti-nutritional factors those are present in many feed ingredients. 

These substances, many of which are not susceptible to digestion by the animal’s 

endogenous enzymes, can interfere with normal digestion, causing poor performance 

and digestive upsets. 

2 To increase the availability of starches, proteins and minerals that are either enclosed 

within fiber-rich cell walls and, therefore, not as accessible to the animal’s own 

digestive enzymes, or bound up in a chemical form that the animal is unable to digest 

(e.g. phosphorus as phytic acid). 

3 To break down specific chemical bonds in raw materials that are not usually broken 

down by the animal’s own enzymes, thus releasing more nutrients. 

4 To supplement the enzymes produced by young animals where, because of the 

immaturity of their own digestive system, endogenous enzyme production may be 

inadequate. 

 

In addition to improving diet utilization, enzyme addition can reduce the variability in 

nutritive value between feedstuffs, improving the accuracy of feed formulations. 

The use of enzymes to attack the lignocellulose structure of crop residues for enhancing 

their feeding value has been attractive. Crude enzyme products, with cellulolytic and 

hemicellulolytic capability, are usually added to fibrous feeds in attempts to improve their 

digestibility. Wang [77] observed that treatment of maize stover with an enzyme product, 

prepared from Trichoderma viride, reduced the contents of some cell wall components and 

enhanced the ruminal digestibility in sheep. Gado et al. [14] obtained the same results. 

Commercial cellulase products were also added to diets to increase the supply of readily 

available carbohydrates. When the enzyme products were included at 0.1-0.2% of the diet of 

cattle and geese, animal performance was considerably improved. Chen et al. [78] also 
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reported the use of crude enzyme products prepared from Trichoderma viride as feed 

additives for growing rabbits. In eight growth trials, rabbits fed on a diet with addition of the 

cellulolytic enzymes gained 17.5-39.3% faster than the control. The difference was consistent 

and highly significant. 

Enzymes exist practically everywhere. They are naturally occurring and are produced by 

all living organisms and, as nature’s catalysts; they speed up the chemical reactions that 

enable all living things. Without them food could not be digested. 

Enzymes, as with all proteins, are made from chains of amino acids. They speed up or 

catalyze reactions by binding to their substrate and ‘stabilize’ the entire reaction process 

through to product formation, so that far less activation energy is required to move the 

reaction forwards. As a result, the rate of reaction progression is greatly increased for any 

given energy status. It is the three-dimensional shape and position of the reactive amino acids 

within the molecule that confer the catalytic properties of enzymes. Conditions that 

significantly alter the structure of the active enzyme often result in loss of activity. As a 

result, enzymes are very sensitive to the environment in which they function and many work 

best in mild temperatures and mid-range pH. 

Henderson and McDonald [79] used two levels of cellulase enzyme to herbage (1 and 4 

g/kg fresh grass). They observed that cellulose contents of the silages were significantly 

reduced after 61 days at the high level of enzyme. In the second experiment, two enzymes 

produced by Aspergillus niger were compared with two enzymes derived from Trichoderma 

viride under the conditions of the experiment. The cellulase enzymes produced from 

Trichoderma viride were more active than those produced by Aspergillus niger. Henderson et 

al. [80] found that treatment with cellulase (4g/kg) resulted in more cellulose being 

hydrolyzed in the grass silages than in the legume silages. The greatest losses of cellulose in 

each crop occurred in the minced silages held at 15 and 35
o
C. Kung et al. [63] treated a 

mixture of barley and hairy vetch with microbial inoculants (1 x 105 CFU/g of wet forage) or 

cellulase enzyme complex (0.5% of wet weight). They found that treatments did not affect 

acid or fiber concentration. 

Stokes and Chen [81] reported that an additive enzyme containing, cellulase, xylanase 

cellobiase and glucose oxidase to whole plant corn reduced NDF and ADF in the first 7 days 

of fermentation and loss of DM. Silage NDF, ADF, cellulose and hemicellulose were reduced 

by 11 to 13% and residual water soluble carbohydrate was 20% lower than in control silage. 

Degradation of structural fiber continued after day 28 of ensilage, but residual water-soluble 

carbohydrate was not increased. Hoffman et al. [82] observed that enzyme treatment of alfalfa 

reduced NDF by 3.3% compared with the control silage. Pectic fractions and hemicellulose 

were reduced by enzyme treatment. Enzyme treated silage contained higher levels of 

ruminally undegraded NDF and did not alter ruminal DM degradation or cellulose content of 

alfalfa silage. Sheperd et al. [83] found that addition of the enzyme additive resulted in a 

linear decrease in ADF, NDF, and hemicellulose content of corn silage but decreased the acid 

detergent lignin (ADL) content of silage only at the milk and black layer stages of maturity. 

The enzyme additive had no consistent effect on in vitro NDF digestion. Gado [48] studied 

the effect of supplementing with different concentrations of cellulose enzymes to bagasse 

silages on their chemical composition. He reported that the effect of the additional different 

concentration of cellulose enzymes were almost similar on OM, CP, CF and EE. But, it 

induced a slight decrease for the mentioned components. On the other hand, the degradation 

various fiber fraction of bagasse increased during the ensiling period with the increasing level 
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of cellulose. The NDF, ADF and ADL values of bagasse treated with cellulase at different 

levels ranged from 70.1 to 71.9%, 61.9 to 62.5% and 11.4 to 11.9% for NDF, ADF and ADL, 

respectively. 

Nadeau et al. [84] treated herbage (orchard grass and alfalfa) with cellulose, combined 

with inoculant at 2, 10 and 20 ml/kg (at least 2500 IU/ml). Cellulase at 10 ml kg was also 

applied alone or in combination with pectinase and inoculant or formic acid. The NDF 

concentration of orchard grass silage decreased with increasing cellulase up to 20ml/kg, at 

which NDF content was decreased by 30%. The NDF concentration of alfalfa silage 

decreased with increasing cellulase up to 10ml/kg, at which NDF content was decreased by 

13%. Immature plants were more responsive to cellulase treatment than mature plants. 

Cellulase at 2ml/kg combined with inoculant improved fermentation characteristics of the 

silages but generally, there was no effect on silage fermentation by higher cellulase 

applications, resulting in an accumulation of sugar. 

Dean et al. [68] studied the effect of fibrolytic enzymes on the fermentation 

characteristics  aerobic stability, and digestibility of bermuda grass silage; they found that the 

concentrations of the measured chemical components were similar for all treatments. The DM 

concentration at harvest was similar to that at which bermuda grass is ensiled. Neither 

enzyme type nor application rate affected the DM concentration of the silages. The pH of 

Promote enzyme preparation treated silages was lower than that of all other silages. The loses 

of DM were lower in the Promote enzyme preparation treated silages than in the other silages. 

Though there was no effect of increasing pr-application on DM lost, this work demonstrates 

that Promote enzyme preparation can be used to reduce the losses of DM that usually occur 

when bermuda grass is conserved as silage. Compared with control silages, NDF 

concentration was reduced by enzymatic treatments. 

Gado et al. [40] found that the rice straw treated with ZAD
®

, rice straw treated with 

fungus and rice straw treated with ZAD
®

 and fungus decreases DM. A substantial increase in 

CP of the fungal treated rice straw against other treatments was found being 9.79, 6.08, 8.07 

and 3.41% for ZAD
®

, fungus, ZAD
®

 treated with fungus and control, respectively. Kholif 

[32] studied the properties to improve the nutritional value of poor quality roughages 

(berseem hay, bagasse, wheat straw and rice straw) by using biological treatments such as 

fungi (Trichoderma reesei and Trichoderma kongei) and fibrolytic enzymes mixture (1, 2 and 

3%). He found that fungal and enzyme treatments increased CP and decreased CF contents of 

silages. Trichoderma reesei recorded the highest value of CP content compared with 

treatments and the lowest value of CF content of fungal treatments. While, the enzyme 

mixture (2%) recorded the highest value of CP content for enzyme levels treatments and 

recorded the lowest value of CF content OM, EE, and NFE were slightly decreased with 

treatments compared with control.  

Eun and Beauchemin [54] assessed the effects of 4 feed enzyme products that varied in 

enzymatic activities on the degradation of alfalfa hay and corn silage. The feed enzyme 

contained a range of endoglucanase, exoglucanase, xylanase, and protease activities, and a 

range of dose rates was used. They found that quadratic increases in gas production and 

degradation of DM and fiber were observed for all feed enzymes, with maximum responses at 

low to medium dose rates. For corn silage, none of the feed enzymes increased gas production 

or DM degradation, but all feed enzymes increased NDF degradation, with the optimum dose. 

Eun et al. [85, 86] studded the use of exogenous fibrolytic enzymes to enhance in vitro 

fermentation of alfalfa hay and corn silage. They found that exogenous fibrolytic enzymes 
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substantially improved gas production and degradation of alfalfa hay and corn silage fiber. 

The optimum dose rates of these exogenous fibrolytic enzymes was 1.4 mg/g of DM for both 

forages with improvements in NDF degradability up to 20.6% for alfalfa hay and up to 60.3% 

for corn silage. Whereas added activities of endoglucanase and exoglucanase were positively 

correlated with improvement in NDF degradability for alfalfa hay and corn silage, there was 

no relationship between added xylanase activity and NDF degradability. 

 

 

CONCLUSION 
 

1- The potential of enzymatic action on agriculture by-products is valid.  

2- The animal response in dairy or beef production is very clear and strong.  

3- The improvement in animal production is about to enter a new dynasty and research 

in this area will benefit of all human kind. 
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