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Abstract 

This study examined the impact of varying dosages of cellulase, xylanase, and cellulase-

xylanase (CX) combinations on in vitro dry matter digestibility (IVDMD), organic matter 

digestibility (IVOMD), and neutral detergent fibre digestibility (IVNDFD) of maize stover. In 

the first in vitro trial, cellulase and xylanase were added individually to ground maize stover 

at increasing rates of 0 (control), 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, and 6.5 g/kg DM. The best (based 

on IVNDFD) individual doses of 1.5 and 2.5 g/kg DM for cellulase and 2.5, 3.5, 4.5, 5.5 g/kg 

DM for xylanase were selected for the second in vitro trial to study the effect of combining the 

different levels of cellulase and xylanase on in vitro digestibility of maize stover. An increase 

(p<0.05) in IVNDFD was observed when increasing the dosage of cellulase from 0.5 to 2.5 

g/kg DM (34.58 to 40.4%, respectively), thereafter, a decrease (p<0.05) from 38.0 to 33.2% 

was observed at 3.5 to 6.5 g/kg DM, respectively. Supplementing with cellulase in smaller 

doses of 1.5 and 2.5 g/kg DM yielded higher IVNDFD of 39.46 and 40.40%, respectively. 

Xylanase improved (p<0.05) IVOMD of maize stover across all graded levels compared to the 

control. There were no differences (p>0.05) in IVNDF digestibility when xylanase was applied 

at lower doses of 0.5 to 2.5 g/kg DM (ranging from 30.48% to 32.36%) and the highest dose of 

6.5 g/kg DM (30.74%). The combination of different doses of cellulase and xylanase (CX) 

improved (p<0.05) IVDMD when compared to the control. In vitro dry matter digestibility 

(IVDMD) ranged from 51.18 % at CX 2.5 x 5.5 g/kg DM to 60.04% at CX 1.5 x 2.5 g/kg DM, 

with the negative control at 42.87%. The combination of cellulase and xylanase at lower levels 

of 1.5 g/kg DM and 2.5 g/kg DM, respectively, improved (p<0.05) the digestibility of DM, OM 

and NDF compared to when the enzymes were applied singly.  In light of this investigation, it 

can be concluded that the enzyme, enzyme dosage, and enzyme combination all affect the 

digestibility of maize stover, with effective digestibility of maize stover achieved when 

cellulase and xylanase were combined at 1.5 and 2.5 g/kg DM, respectively.  
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INTRODUCTION 
Feed constraints remain the major limiting factor in livestock 

production. Developing countries in Africa are faced with 

feed scarcity, especially during the dry season, because the 

supply of grass and the quality of natural grazing vary 

significantly according to the season (FAO and IGAD, 2019). 

This leads to the utilization of low-quality roughages that are 

deficient in energy, protein, vitamins, and minerals. 

Rademaker et al. (2016) identified the main constraint to the 

performance of the Kenyan dairy sub-sector to include 

inadequate quantity and quality of feed for dairy animals, 

exacerbated by the limited use of supplementary feeds. 

In Kenya, the Nakuru and Nyandarua counties rely mainly on 

fresh natural pastures for their dairy animals, with the addition 

of fodder including mainly maize stalks, rice straws and a 

minimum of sorghum and millet stalks (Otieno et al., 2020). 
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During the peak of the long dry season, the main livestock 

feed (used by >80% of farmers) and principal crop residue for 

dairy feeding in semi-arid regions of Kenya is maize stover 

(Njarui et al., 2011). Maize stover is a crop residue after the 

harvesting of maize cobs (grain) for human consumption 

(Heuzé et al., 2019) and is available and abundant since maize 

is a staple food and top cereal crop produced in most of sub-

Saharan Africa (SSA) (Depetris-Chauvin et al., 2017). Maize 

stover is commonly left on the field to be grazed on by 

livestock, buried to provide organic matter to the soil (Heuzé 

et al., 2019) or simply burnt. Due to its availability and 

abundance, maize stover is a potential source of roughage for 

ruminants. However, for optimal utilization, nutritional 

improvement of maize stover is required.  

Enzyme supplementation has proven to be an effective 

strategy to improve the utilisation of forages in livestock 

production (Beauchemin et al., 2003; Arriola et al., 2011; 

Azzaz et al., 2013; Salem et al., 2013). The supplementation 

of ruminant diets with exogenous fibrolytic enzymes has led 

to significant increases in DM digestibility (Gado et al., 2011; 

Azzaz et al., 2013; López-Aguirre et al., 2016; Aboul-Fotouh 

et al., 2017), NDF and ADF digestibility (Arriola et al., 2011; 

López-Aguirre et al., 2016), and OM digestibility (Sutton et 

al., 2003; López-Aguirre et al., 2016). Exogenous fibrolytic 

enzymes have also improved the in vitro digestibility of maize 

stover (Carreón et al., 2010; Gallardo et al., 2010; Bhasker et 

al., 2013; Fon & Nsahlai, 2013). A recent study reported that 

the use of exogenous fibrolytic enzymes, namely cellulase, 

xylanase, pectinase and their combinations, improved the in 

vitro digestibility of maize stover (Mdziniso et al., 2025). 

Nevertheless, the main variables influencing the effects of 

exogenous fibrolytic enzymes include the cellulase-to-

xylanase ratio (Bhasker et al., 2013), the kind and dosage of 

the enzyme (Gallardo et al., 2010; van de Vyver & 

Cruywagen, 2011; Azzaz et al., 2013;) and the forage-to-

concentrate ratio (Schingoethe et al., 1999; Pinos-Rodríguez 

et al., 2008; Arriola et al., 2011), among others.  

As yet, the appropriate concentration of cellulase, xylanase 

and cellulase-xylanase combination for efficient digestibility 

of maize stover is unknown. Consequently, this study sought 

to evaluate the effect of graded levels of cellulase and 

xylanase applied singly and in combination (CX) on in vitro 

dry matter, organic matter, and neutral detergent fibre 

digestibility of maize stover.  

MATERIALS AND METHODS 
Experimental site and material 

The Animal Nutrition laboratory at Egerton University, Njoro 

Main Campus in Nakuru, Kenya, served as the study's site. 

Following the harvest of maize cobs from the same field at 

Egerton University's Ngongongeri farm, the same variety 

(H6213) of maize stover was gathered. In Tatton Agriculture 

Park (TAP), Egerton University, it was chaffed to a length of 

1-2 cm using a chaff cutter and then placed in bags in a dry, 

clean, and aerated place. Husks, leaves, and stalks made up 

the maize stover. The maize stover used in this study 

consisted of 96.2% dry matter, 93.7% organic matter, 4.7% 

crude protein, 36.6% crude fibre, 60.6% neutral detergent 

fibre, 42.7% acid detergent fibre, and 17.5 MJ/kg DM gross 

energy (Mdziniso et al., 2025). Xylanase and cellulase, the 

fibrolytic enzymes being studied, were acquired from Beijing 

Smile Feed Sci. & Tech. Co., LTD, Beijing, China. Table 1 

displays the enzyme specifications according to the 

manufacturer's report. 

Table 1: Enzyme specification 

 Enzyme product name 

Item Smizyme 

Xylanase 

Smizyme Cellulase 

Enzyme 

concentration 

(U/g) 

10,000 5,000 

Enzyme activity 

(U/g) 

11,850 6,352 

Source organism Aspergillus 

oryzea 

Trichoderma 

longibrachiatum 

Optimum 

temperature (oC) 

37 37.5 

Optimum pH 5 - 6.6 5 

Recommended 

dosage 

100g/ton 

complete feed 

100g/ton complete 

feed 

Experimental procedure 

In vitro procedure 

Using the two-stage method described by Tilley & Terry 

(1963), the impact of cellulase, xylanase, and cellulase-

xylanase combinations on the digestibility of maize stover 

was assessed. To make sure that the microbial population in 

the rumen fluid was made up of fibrolytic as well as 

amylolytic and proteolytic bacteria, three rumen liquor donor 

bucks were acclimated to a 65% forage: 35% concentrate diet 

for four weeks. The bucks were given unlimited access to 

fresh water and mineral lick (Soliva & Hess, 2007). There was 

only maize stover for roughage. Weighed samples of 0.5 g 

DM ground stover were placed in glass tubes that held 80–90 

ml. Following precise weighing, the experimental enzymes 

(xylanase and cellulase) were introduced to the tubes in 

powdered form as follows: 

1. In the first in vitro trial aimed at evaluating the 

effect of different inclusion levels of cellulase and 

xylanase on the in vitro digestibility of maize 

stover, cellulase and xylanase were added 

individually to ground maize stover at different 

inclusion levels of 0 (control), 0.5, 1.5, 2.5, 3.5, 4.5, 

5.5 and 6.5 g/kg DM maize stover.  

2. In the second in vitro experiment, 1.5 and 2.5 g/kg 

DM for cellulase and 2.5, 3.5, 4.5 and 5.5 g/kg DM 

for xylanase were selected for studying the effect of 

cellulase-xylanase (CX) combinations on maize 

stover digestibility. Positive controls of cellulase at 
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1.5 and 2.5 g/kg DM and xylanase at 2.5, 3.5, 4.5 

and 5.5 g/kg DM were also prepared. 

A blank with the appropriate enzyme or enzymes, a buffer 

blank, and a control (maize stover without enzyme 

supplementation) were made for each experiment. When the 

enzymes were added, they were not solubilised in water. The 

rumen content of the three bucks was taken with a stomach 

tube before the morning feeding (Yáñez-Ruiz et al., 2016) and 

placed in thermos flasks that had been pre-warmed to 38 oC. 

After being combined at a 50:50 ratio, the rumen content was 

immediately taken to the laboratory, gassed with CO2, then 

kept at 38 oC. Four layers of cheesecloth were used to squeeze 

the rumen content while gassing with CO2, and a pre-warmed 

(38 oC) CO2-filled thermos flask was used to collect the 

rumen fluid. A buffer solution and the filtered rumen fluid 

were combined at a ratio of 4:1 (1 rumen liquor : 4 buffer 

solution – v/v) in accordance with McDougall (1948).  

The mixture was stirred and gassed with CO2, then 50 ml was 

pipetted to the digestion tubes containing maize stover 

samples and enzymes kept in a water bath maintained at 38 
oC. The tube was sealed with a rubber cork fitted with a sealed 

rubber tube. The 4 mm slit in the rubber tube on the valve was 

cut with a sharp knife; the slit normally remained closed, 

opening only to release gas from inside the tube. After 

sealing, the tubes were incubated at 38 oC in the dark for 48 

hours, being shaken 4 times a day by hand. After 48 hours of 

incubation, the tubes were stored at 4 oC for 2 h to stop 

fermentation. Then pre-weighed glass fibre filter crucibles 

(porosity 1 crucibles, 70 mL capacity) were used to separate 

supernatants from residual plant particles and adherent 

microbial biomass by vacuum filtration. The particles were 

washed with 100 mL of distilled water and then oven-dried at 

65 oC to a constant weight to determine the potential DM 

disappearance at 48 hours. Thereafter, the dried residues per 

treatment were used for the determination of in vitro organic 

matter digestibility by ashing at 550 oC overnight and in vitro 

NDF digestibility, in which the residues were subjected to 

fibre analyses following procedures of Van Soest et al. 

(1991).  

In vitro DM digestibility was calculated as follows (Tilley & 

Terry, 1963): 

In vitro DM digestibility (%) = [A – (B – C)/A] * 100  

   

where: A = dry weight of the sample; B = dry weight of 

residue after digestion; C = dry weight of reagent blank 

In vitro organic matter digestibility (%) was calculated as  

[(A x (%OM/100)) – (B – C) x 100] / A 

where: A = Dry weight of sample; B = weight of ash of 

sample residue; C = weight of ash of blank  

In vitro neutral detergent fibre digestibility was calculated as 

follows: 

NDFD (%) = [(NDFfeed – NDFresidue)/NDFfeed] x 100  

   

where: NDFfeed is the content of NDF (g/kg DM) of feed 

incubated 

NDFresidue is the amount of NDF (g/kg DM) in the residue 

Statistical analysis 

The experiment was undertaken in a completely randomized 

design (CRD). The data were normally distributed as per the 

normality test done using Box plot and Shapiro-Wilk test and 

a homogeneity test done using Leven’s test. The data were 

subjected to analysis of variance (ANOVA) of Statistical 

Analysis Software (Version 9.4 SAS Institute Inc., Cary, NC, 

USA) using the following model: 

Yij = µ + Ti + eij                 

where: Yij  response variable, µ = overall mean, Ti = treatment 

effect, eij = random error 

Significance was declared at p < 0.05, and mean separation 

was done using Duncan’s multiple range test (Duncan, 1955). 

RESULTS 
Effect of cellulase on in vitro digestibility of maize stover   

Supplementation of maize stover with cellulase improved 

(p<0.05) in vitro dry matter, organic matter, and neutral 

detergent fibre digestibility. There was no observed 

improvement (p<0.05) in IVDMD among cellulase doses, 

ranging from 47.83 to 53.41%. However, an increase (p<0.05) 

in in vitro organic matter digestibility (IVOMD) was observed 

when cellulase was applied at increasing rates from 0.5 g/kg 

DM to 2.5 g/kg DM, ranging from 44.39 to 49.41%, 

respectively, after which IVOMD declined (p<0.05) reaching 

39.68% at a dose of 6.5g/kg DM. A similar trend was 

observed in IVNDFD, where an increase (p<0.05) in 

IVNDFD was observed when increasing the dosage of 

cellulase from 0.5 to 2.5 g/kg DM (34.58 to 40.4%, 

respectively), thereafter, a decrease (p<0.05) from 38.0 to 

33.2% was observed. Supplementing with cellulase in a 

smaller dose of up to 2.5 g/kg DM maize stover increased 

(p<0.05) OM and NDF digestibility compared to higher doses. 

A dose of 2.5 g/kg DM yielded the highest (p<0.05) IVOMD 

of 49.41% while 1.5 and 2.5 g/kg DM doses yielded higher 

IVNDFD of 39.46 and 40.40%, respectively. 

Table 2: Influence of cellulase at different inclusion levels 

on in vitro digestibility of maize stover 

Enzyme dose 

(g/kg DM) 

IVDMD 

(%) 

IVOMD 

(%) 

IVNDFD 

(%) 

0 (Control) 41.76b 30.82e 28.26d 

0.5 49.63a 44.39bc 34.58bc 

1.5 52.23a 47.43ab 39.46a 

2.5 53.41a 49.41a 40.40a 

3.5 50.06a 45.32ab 38.00ab 

4.5  48.48a 41.48cd 36.81abc 

5.5 47.83a 40.67cd 34.41bc 

6.5 47.89a 39.68d 33.22c 

SEM 1.15197 0.8644 0.8296 

Probability p<0.0001 p<0.0001 p<0.0001 
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Sample size (N) = 3; a,b,c,d,e Means in the same column with 

different superscripts differ significantly (p<0.05) 

Effect of xylanase on in vitro digestibility of maize stover  

Supplementing maize stover with xylanase at 0.5, 3.5 and 4.5 

g/kg DM improved (p<0.05) IVDMD, with the highest 

digestibility ranging from 52.91 to 53.41%. No improvements 

(p>0.05) observed in IVDMD of supplemented maize stover 

and the control when xylanase was applied at 1.5, 2.5, 5.5 and 

6.5 g/kg DM. Application of xylanase improved (p<0.05) 

IVOMD of maize stover across all graded levels compared to 

the control. The highest IVOMD of 48.66% was observed 

with a xylanase dose of 3.5 g/kg DM. Compared to the 

control, similar (p>0.05) IVNDF digestibility of maize stover 

were observed when xylanase was applied at lower doses of 

0.5 to 2.5 g/kg DM, (ranging from 30.48% to 32.36%) and 

highest dose of 6.5 g/kg DM (30.74%). A higher (p<0.05) 

IVNDFD of maize stover was observed when xylanase was 

applied at higher doses of 3.5 to 5.5 g/kg DM, yielding 32.7% 

to 33.3% digestibility compared to the control (27.57%). 

Xylanase doses of 3.5, 4.5 and 5.5 g/kg DM improved 

(p<0.05) IVNDFD compared the smaller doses and the 

highest dose of 6.5 g/kg DM, which was comparable (p>0.05) 

to the control. 

Table 3: Influence of different doses of xylanase on maize 

stover digestibility 

Enzyme 

dose (g/kg 

DM) 

IVDMD 

(%) 

IVOMD (%) IVNDFD 

(%) 

Control 44.48b 32.68c 27.57b 

0.5 52.91a 46.43ab 30.74ab 

1.5 48.14ab 41.29b 30.48ab 

2.5 50.31ab 43.40ab 32.36ab 

3.5 53.22a 48.66a 33.22a 

4.5 53.41a 45.44ab 33.30a 

5.5 51.36ab 43.96ab 32.70a 

6.5 49.81ab 41.60b 30.74ab 

SEM 1.5271 1.12065457 1.017198 

Probability p<0.0001 p<0.0001 p<0.0001 

Sample size (N) = 3; a,b,c Means in the same column with 

different superscripts differ significantly (p<0.05) 

Effect of cellulase-xylanase combinations on in vitro 

digestibility of maize stover  

In the second experiment, cellulase and xylanase doses 

applied singly on maize stover were prepared as positive 

controls (Table 4). Applying xylanase alone (xylanase 

positive control) at 3.5 g/kg DM was comparable (p>0.05) to 

cellulase at 2.5 g/kg DM (53.16 and 53.10 g/kg DM, 

respectively). Overall, when applied singly, cellulase and 

xylanase had a similar (p>0.05) effect on IVDMD and 

IVOMD, with both enzymes being superior (p<0.05) to the 

control. However, higher (p<0.05) IVNDFD was obtained 

with cellulase applied at 2.5 g/kg DM (36.38%) compared to 

xylanase applied at 2.5 g/kg DM (31.08%) and CX applied at 

2.5 x 5.5 g/kg DM (31.16%). This improvement in IVNDFD 

was comparable (p>0.05) to when xylanase was applied at a 

higher dose of 5.5 g/kg DM (34.07%).  

The combination of different doses of cellulase and xylanase 

(CX) improved (p<0.05) IVDMD of maize stover when 

compared to maize stover without enzyme supplementation 

(negative control). In vitro dry matter digestibility (IVDMD) 

ranged from 51.18 % at CX 2.5 x 5.5 g/kg DM to 60.04% at 

CX 1.5 x 2.5 g/kg DM with the negative control at 42.87%. 

The combination of cellulase and xylanase at lower levels of 

1.5 g/kg DM and 2.5 g/kg DM, respectively, improved 

(p<0.05) the digestibility of DM, OM and NDF compared to 

when the enzymes were applied singly. Among the 

combinations, lower doses of cellulase and xylanase 

combinations of 1.5 x 2.5 and 1.5 x 3.5 g/kg DM had higher 

(p<0.05) IVDMD of 60.04% and 57.99%, respectively, 

compared to the other CX combinations (with IVDMD 

ranging from 51.18 to 54.83%.  

IVOMD was positively influenced (p<0.05) by all CX 

combinations except CX 2.5 x 2.5 and 2.5 x 5.5 g/kg DM. 

These improvements (ranging from 42.22 to 47.86g/kg DM), 

however, were comparable (p>0.05) to when cellulase and 

xylanase were applied singly (ranging from 42.53 to 44.89%). 

When cellulase was kept at 1.5 g/kg DM, increasing xylanase 

gradually decreased (p<0.05) IVDMD and IVOMD. When 

cellulase was kept at 2.5 g/kg DM, increasing xylanase did not 

(p>0.05) improve IVDMD and IVOMD, though slight 

(p>0.05) increases were observed up to 2.5 x 4.5 g/kg DM. 

On the contrary, an improvement (p<0.05) was observed in 

IVNDFD, peaking at CX 2.5 x 3.5 g/kg DM then declining 

significantly (p<0.05) at 2.5 x 5.5 g/kg DM (31.16%). This 

declined IVNDFD was comparable (p<0.05) to maize stover 

without enzyme supplementation (26.29%). 

Overall, increasing the cellulase level in the CX combination 

from 1.5 g/kg DM to 2.5 g/kg DM lowered (p<0.05) DM, OM 

and NDF digestibility. Though xylanase applied singly at 2.5 

g/kg DM (positive control) failed to improve IVNDFD 

(31.08%), when combined with cellulase at CX 1.5 x 2.5 g/kg 

DM, an improvement (p<0.05) was observed (39.12%) and 

was higher (p<0.05) than when 2.5 g/kg DM xylanase was 

combined with 2.5 g/kg DM cellulase (31.51%). IVNDFD 

was improved (p<0.05) by CX 1.5 x 2.5 g/kg DM (39.12%) 

and CX 2.5 x 3.5 g/kg DM (39.20%), and these values are 

comparable (p>0.05). However, the smaller dose of CX 1.5 x 

2.5 g/kg DM further improved (p<0.05) IVDMD compared to 

CX 2.5 x 3.5 g/kg DM. 

Table 4: In vitro digestibility of maize stover treated with 

cellulase-xylanase combinations 

Enzyme dose (g/kg 

DM) 

IVDMD 

(%)  

IVOMD 

(%) 

IVNDFD 

(%) 

0 (negative control) 42.87d 35.78c 26.29e 

Individual enzymes (positive control) 
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Xylanase 2.5 51.05c 44.02ab 31.08de 

Xylanase 3.5 53.16bc 42.59ab 32.10cd 

Xylanase 4.5 51.98c 42.84ab 32.19cd 

Xylanase 5.5 52.54bc 42.96ab 34.07bcd 

Cellulase 1.5 50.56c 44.89ab 35.70abcd 

Cellulase 2.5 53.10bc 42.53ab 36.38abc 

Cellulase-Xylanase combinations 

1.5 x 2.5 60.04a 47.86a 39.12a 

1.5 x 3.5 57.99ab 44.76ab 38.60ab 

1.5 x 4.5 54.83abc 42.34ab 37.75ab 

1.5 x 5.5 53.59bc 42.22ab 36.38abc 

2.5 x 2.5 51.42c 40.55bc 31.51cd 

2.5 x 3.5 53.90bc 42.90ab 39.20a 

2.5 x 4.5 54.21bc 45.32ab 37.66ab 

2.5 x 5.5 51.18c 41.17bc 31.16de 

SEM 1.0972771 1.0835049 0.9674792 

Probability p<0.0001 p<0.0001 p<0.0001 

Sample size (N) = 3; a,b,c,d,e Means in the same column with 

different superscripts differ significantly (p<0.05) 

DISCUSSION  
This study found that adding enzymes increased the digestion 

of maize stover. It was observed that across all doses, 

cellulase enhanced (p<0.05) IVNDFD when compared with 

maize stover without enzyme supplementation, while 

xylanase improved (p<0.05) NDF digestibility at certain 

doses. Supplementing with cellulase and xylanase has also 

been shown to improve fodder digestibility in the past Arriola 

et al., 2011; Azzaz et al., 2013; Salem et al., 2013) (Ribeiro et 

al., 2018; Mdziniso et al., 2025). Worth noting is that as 

cellulase level increased from 0.5 g/kg DM there was an 

increase in maize stover digestibility reaching a peak at 2.5 

g/kg DM. This increase in digestibility was significant 

(p<0.05) in OM and NDF digestibility among the enzyme 

doses. Increasing xylanase doses to 3.5, 4.5 and 5.5 g/kg DM 

improved (p<0.05) IVNDFD compared to the control. The 

increase in maize stover digestibility with cellulase 

supplementation was due to the ability of cellulase to cleave 

the beta 1,4-D-glucan linkages of cellulose, the major 

component of plant cell walls, producing glucose, cellobiose 

and cello-oligosaccharides (COS) as primary products 

(Sukumaran et al., 2005; Jayasekara & Ratnayake, 2019) 

while xylanase target xylan, a major (about 70%) component 

of hemicellulose, hydrolysing the xylan to oligomers, beta-

xylosidase degrades the oligomers to xylose, a fermentable 

sugar (Zhang et al., 2019; Basit et al., 2021). Therefore, 

enzyme supplementation released more nutrients, stimulating 

colonisation of maize stover by microbes.  

Exogenous fibrolytic enzymes increase the solubility of DM 

and NDF, which may be attributed to increased pre-digestion 

of ingredients (Pinos-Rodríguez et al., 2008), thus releasing 

more nutrients. This provides readily fermentable 

carbohydrates due to the increased amount of readily 

fermentable carbohydrates released by EFE acting on 

cellulose and pectin (Azzaz et al., 2013; Qiu et al., 2024). 

These nutrients may have supported the production of 

glycocalyx, which permits adhesion between bacteria or 

between the substrate and bacteria (Yang et al., 1999). This 

may partially protect them from degradation by proteases, as 

reviewed by Beauchemin et al. (2004), thus increasing fibre 

digestion. Supplementing with exogenous fibrolytic enzymes, 

therefore, encourage rumen microorganisms’ attachment and 

colonization to the plant cell wall, thus increasing fibrolytic 

activity (Yang et al., 1999; Arriola et al., 2011), improving 

their capability of hydrolysing plant cell walls and 

hemicellulose concentrations in plants (Romero et al., 2016), 

and they provide synergistic enhancement of microbial 

enzyme activity in the rumen (Beauchemin et al., 2004; Hu et 

al., 2013). 

When evaluating the effect of recombinant fibrolytic 

enzymes, Ribeiro et al. (2018) concluded that XYL10A, a 

xylanase enzyme, may have promoted a shift in the microbial 

population colonising feed particles when they observed an 

increase in endoglucanase activity with the addition of the 

enzyme. When investigating the synergy between ruminal 

fibrolytic enzymes and exogenous enzymes, Morgavi et al. 

(2000) concluded that an improvement in fibre digestion with 

enzyme supplementation may be partly attributed to the 

synergy between endogenous enzymes produced by rumen 

microbes and the exogenous enzymes added in cattle diets. 

Pre-digestion of feed ingredients with EFE high in xylanolytic 

activity increased the rate of degradation or the potentially 

degradable fraction of DM and NDF (Pinos-Rodríguez et al., 

2008). 

Cellulase-xylanase (CX) combinations in most doses 

improved (p<0.05) IVDMD, IVOMD and NDFD when 

compared to maize stover without enzyme supplementation 

(negative control). Moreover, some CX doses in this study 

enhanced maize stover digestibility compared to when 

cellulase and xylanase were added singly (positive control). 

These findings are in line with Qiu et al. (2024) who reported 

lower NDF content of the mixed silage of king grass and rice 

straw with the supplementation of a mixture of cellulase and 

xylanase. Correspondingly, Mdziniso et al. (2025) reported 

that IVNDFD was improved (p<0.05) with cellulase-xylanase 

combination than when cellulase and xylanase were applied 

singly. The improvement may be attributed to the synergistic 

effect of cellulase and xylanase (Song et al., 2016). Xylanase 

is considered an accessory enzyme (Hu et al., 2013; Dias et 

al., 2022). Zhang et al. (2012) reported that xylan coats 

cellulose, thus inhibiting the hydrolysis of lignocellulosic 

material by blocking the access of cellulase to cellulose. 

Xylanases hydrolyse this xylan (Zhang et al., 2019; Basit et 

al., 2021) and further alter the fibre structure of 

lignocellulosic materials by promoting swelling of cellulose 
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fibres and increasing fibre porosity (Hu et al., 2011; Zhao et 

al., 2018). All these increase the surface area of cellulose thus 

increasing the accessibility of cellulases to cellulose and 

lowering the amount of enzymes required to achieve 

significant hydrolysis of cellulose  (Hu et al., 2013). 

Further, in the present study, it was observed that cellulase 

and xylanase, when applied singly, required higher doses to 

achieve a similar effect in maize stover digestibility to CX 

combination of 1.5 x 2.5 g/kg DM (lower dose). These 

findings concur with Beauchemin et al. (2000) who reported 

that lactating cows fed diets supplemented with low-dose 

enzymes (1.22 ml/kg of TMR DM) with beta-glucanase, 

xylanase and endocellulase activities had a greater intake of 

digestible nutrients compared to cows fed control diets or 

diets with a high dose of enzymes (3.67 ml/kg of TMR DM). 

Similarly, Gallardo et al. (2010) reported that an increase in 

the inclusion level of an enzyme of cellulase and xylanase 

activities up to 3 g/kg DM alfalfa hay increased the potentially 

degradable fraction and degradation rate of NDF and ADF. In 

an in vitro study where sugar beet was supplemented with 

Tomoko commercial enzyme product and Asperozym 

enzyme, Azzaz et al. (2013) observed that increasing levels of 

the fibrolytic enzymes up to 2g/kg DM increased in vitro DM 

digestibility and in vitro OM digestibility. Basit et al. (2021) 

reported that an improvement in the hydrolysis of xylan and 

cellulose and a reduction of enzyme dosage is achieved when 

xylanase is used as an accessory enzyme to cellulase. 

Therefore, when combined, cellulase and xylanase 

supplementation of maize stover would not only improve 

maize stover digestibility but also reduce the use of higher 

quantities of the same when applied singly.  

The enhancement in maize stover digestibility with CX 

combination may be attributed to the synergistic effect of 

cellulase and xylanase in degrading the fibre component (Hu 

et al., 2013) of maize stover through cellulose hydrolysis. As 

previously mentioned, cellulase breaks down cellulose while 

xylanase targets xylan, a major component of hemicellulose 

(Zhang et al., 2019). Therefore, the hemicellulose barriers in 

the plant cell walls may have been removed by xylanase thus 

exposing cellulose to cellulase. The breakdown of cellulose 

and hemicellulose releases sugars that serve as substrates for 

microbial fermentation, thereby promoting microbial growth. 

Direct-fed enzymes stimulate an increase in ruminal microbes, 

resulting in higher numbers of rumen microbes, which 

increase digestion activity of feeds through enhanced 

microbial colonization of feed particles (Yang et al., 1999; 

Arriola et al., 2011; Salem et al., 2013) or direct cell wall 

hydrolysis (Arriola et al., 2011), thus increasing the 

digestibility of the feed.  

After reaching a peak at 2.5 g/kg DM with cellulase 

supplementation, IVNDFD decreased (p<0.05) with a further 

increase in cellulase dose. Similarly, lower xylanase doses of 

1.5 and 2.5 g/kg DM and a highest dose of 6.5 g/kg DM of 

xylanase failed to improve (p>0.05) IVNDFD of maize stover, 

and the higher cellulase dose of 2.5 g/kg DM in CX 

combinations resulted in lower DM and OM digestibility. 

These findings are in line with results from Bhasker et al. 

(2013) who reported improvement (p<0.01) in IVDMD of 

maize stover from lower cellulase concentration of 6,400 to 

25,600 IU/g DM and higher xylanase concentration of 25,600 

and 32,000 IU/g DM. Similarly, Mdziniso et al. (2025) 

reported no improvement (p<0.05) in IVNDFD when 

cellulase was applied at 3 g/kg DM of maize stover. A higher 

concentration of exogenous enzymes may have reduced the 

rumen bacteria's attachment when they competed for available 

binding sites (Morgavi et al., 2000).  

According Beauchemin et al. (2003), a barrier against 

microbial colonisation in the diet may be created with an 

excess of enzymes, as these may attach to sites meant for 

rumen bacteria, thus making them unavailable. A lack of 

synergistic effects was reported by Ribeiro et al. (2018) when 

enzyme mixtures of effective fibrolytic enzymes failed to 

improve the fibre digestion of barley straw. It was suggested 

that, instead of only having a direct impact on fibre 

hydrolysis, this lack of synergism may indicate that the 

mechanisms by which individual enzymes enhance fibre 

digestion in the rumen may be more indirect, through 

encouraging microbial attachment to the feed, changes in the 

microbial population, and corresponding enzymatic activity 

(Ribeiro et al., 2018).  

Notably, the most effective enzyme combination in this study 

was cellulase-xylanase at 1.5 and 2.5 g/kg DM, with a ratio of 

1:1.67. These findings are in line with the ratios of 1:2.5 

(Gaafar et al., 2010) and 1:1.7 (Khademi et al., 2022) for 

cellulase to xylanase, and 1:1.5:1:1.5 for cellulase-xylanase-

pectinase and laccase (Zhang et al., 2022) that were reported 

to be effective in the digestibility of forages. 

CONCLUSION  
The synergistic effect of cellulase and xylanase is beneficial 

to the digestibility of maize stover. This study demonstrated 

that the digestibility of maize stover using cellulase and 

xylanase is influenced by enzyme dosage and enzyme 

combination. When applied singly, cellulase was effective at 

lower levels (1.5 and 2.5 g/kg DM), and xylanase was 

effective at higher levels (3.5, 4.5, and 5.5 g/kg DM). 

However, when cellulase and xylanase were administered 

together, efficient hydrolysis was accomplished at lower doses 

than when they were applied separately. This suggests that a 

combination of cellulase and xylanase may be used to lower 

the quantity of enzymes to achieve effective digestion in 

ruminant diets. This study, therefore, established that effective 

digestibility of maize stover is achieved with cellulase-

xylanase doses of 1.5 x 2.5 g/kg DM.  
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