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Abstract

The aim of this experiment was to determine the effects of cellulase and xylanase additives on the fermentation quality, chemical composition of
silage maize. In the experiment, cellulase (0, 0.25, 0.5, 1.0 g-kg™") and xylanase (0, 0.25, 0.5, 1.0 g-kg™") in different concentrations were applied
alone or in combination on silage materials. After 60 d ensiling at room temperature, the results showed that cellulase and xylanase have positive
effects on silage quality and chemical composition of silage. Cellulase increased contents of water-soluble carbohydrate, crude protein and crude
fat while decreased contents of ammonia nitrogen and total nitrogen, neutral detergent fiber and acid detergent fiber. For xylanase, it increased
the crude protein and ether extract content. Interactive effects were observed in CP and organic acids. Therefore, the adding cellulase and
xylanase improved fermentation quality and nutrition value of silage maize. According to the comprehensive evaluation of the membership
function, the recommended adding concentration of cellulase is 0.5 g-kg™' alone. When combined with xylanase, the concentration of both

cellulase and xylanase were 0.5 g-kg™" and 0.25 g-kg™", respectively.
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Introduction

Silage maize (Zea mays L.) is one of the most important
forages in the world, and its yield and quality properties are
critical importance for livestock productionl'l. Moreover, maize
is widely used for silage making around the world due to its
richness in sugar content that makes it easy for ensiling. Under
natural conditions, microorganisms attached to silage raw
materials will result in damage to the dry matter of the silage
and protein. In contrast, the ensiling process is a preservation of
moist forages for ruminant livestock, which converts water
soluble carbohydrates into organic acids like lactic acid in an
anaerobic environment!?, Through ensiling, silage could be
well-preserved and supply year-round availability of nutritious
and palatable feed for livestock.

As reported, the quality of silage is influenced by many
factors such as geographical location, climate, temperature,
varieties, cultivation techniques, harvest time and processing
level3l. Of these factors, silage additives are among the most
extensively studied technology in ruminant feed preservation
over the decades. To date, there have been continuous efforts
in searching the most effective inoculants to reach better effi-
ciency of ensiling®. Studies have shown that appropriate addi-
tives application can effectively improve the fermentation,
reduce the consumption of nutrients, and improve the silage
quality>©l. Interests were raised on cellulase and xylanase as
they contained a variety of cell wall degrading enzymes. After
degrading the cell wall of plant tissue by cellulase and xylanase,
the substrate for microorganisms’ fermentation could be
enhanced, which contributes to improvement of the silage
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quality”l. According to the studies by Ding et al., adding 0.15%
cellulase and xylanase to elephant grass silage reduced the
content of cellulose and hemi-cellulose, increased the content
of glucose, fructose, sucrose and total water-soluble carbohy-
drates, and rapidly produced lactic acid, reduced the pH value
and ammoniacal nitrogen content®l. Moreover, enzyme
mixture containing cellulase, xylanase and cellobiase reduced
silage pH, concentrations of xylose, total sugars and proportion
of cell-wall arabinose®®. However, there were some inconsis-
tent results among studies. Although cellulase improved the
quality of oat silage, no correlation with its added concentra-
tion was observed!'%. No significant effects on silage quality
and digestibility were found when employing fibrolytic
enzymes combined with LAB inoculantst'=3l. These discrepan-
cies may be due to difference of plant materials and additive
type used. Thus, quantifying the effect of incorporating
enzymes on specific type of plants is important.

To our knowledge, presently, there is limited information
available about the effects of cellulase and xylanase on fermen-
tation quality of silage maize. Our objectives were to deter-
mine the effects of cellulase and xylanase at different levels
acting alone or combined on fermentation quality and chemi-
cal composition of silage maize.

Materials and methods

Silage materials

Silage maize (variety: Quchen No. 9) were planted at the
experimental farm of Yunnan Agricultural University (N
25°8'12", E 102°45'20", 1,978 m) with a row spacing of 40 cm
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and seedlings spacing of 25 cm from May 25 to September 15,
2021 in Kunming, Southwest China. When planted, there are
three seeds per hole and the sowing depth was 2~3 cm. At the
3-leaf period, only two plants were kept in each hole. During
the experiment, field management such as watering, weeding,
and pest control was consistent with field production. The local
area is a north subtropical monsoon climate. The rainfall is
concentrated from May to September each year, and the
annual average temperature is about 15.1 °C. The pH of the
cultivated soil layer is 6.46, the organic carbon content is 2.06%,
the organic matter content is 3.55%. Total nitrogen, the avail-
able phosphorus and potassium contents in the topsoil were
135.7 mg-kg~', 16.2 and 98.6 mg-kg~', respectively.

Experimental design

The silage maize was harvested at the stage of wax ripeness,
when the grains became hardened. Then, whole plants were
chopped into 1-3 cm pieces with a straw kneading machine
(Mingchuan, Dalian Mingchuan Agricultural Machinery Co. Ltd,
China). Through the process of squishing, cutting, kneading,
stalks and leaves were easy to compress and ferment.

Prior to ensiling, the chemical composition of the silage
maize were as follows (% DM): water content 67.04, crude
protein content 8.79, ether extract content 4.34, crude ash
content 3.56, neutral detergent fiber content 55.6 and acid
detergent fiber content 30.99.

Different concentrations of cellulose (N0.9012-54-8, 10,000
U-.g~") and xylanase (N0.9025-57-4, enzyme activity 100,000
U-g~") were applied in the experiment. The silage treatments
were designed as follows: (a) no additive (CK); (b) cellulase addi-
tive at a rate of 0, 0.25, 0.5, 1.0 g-kg~; (c) xylanase additive at a
rate of 0, 0.25, 0.5, 1.0 g-kg~"; (d) combination of cellulase and
xylanase at different rates. There are 16 treatments in the study
(Table 1). For each treatment, there were three replications.
After thoroughly mixing the enzyme additives with the silage
maize, the material were put into a silage plastic barrel (12 cm
in diameter, 18 cm in height) and pressed as tightly as possible
while filling it. The total weight of each barrel is about 2 kg. In
the end, barrels were sealed with polyethylene plastic bags and
kept indoors avoiding sunshine. After ensiling 60 d at ambient
temperature, barrels were opened and sensory evaluation,

Table 1. Cellulase and xylanase experiment design.

Treatments Xylanase (g-kg™") Cellulase (g-kg™)
C0-X0 X:0 C:0
C0.25-X0 C:0.25
C0.5-X0 C:0.5
C1.0-X0 C:1.0
C0-X0.25 X:0.25 c:0
C0.25-X0.25 C:0.25
C0.5-X0.25 C:05
C1.0-X0.25 C:1.0
C0-X0.5 X:0.5 Cc:0
C0.25-X0.5 C:0.25
C0.5-X0.5 C:0.5
C1.0-X0.5 C:1.0
C0-X1.0 X:1.0 c:0
C0.25-X1.0 C:0.25
C0.5-X1.0 C:0.5
C1.0-X1.0 C:1.0

Cellulase and xylanase were provided by Shanghai Yien Chemical
Technology Co. Ltd. (Shanghai, China).
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fermentation quality and nutrition determination were carried
out.

Fermentation quality and nutritional components
analysis

The fermentation quality were evaluated by the parameters
such as pH value, water soluble carbohydrates (WSC), ammo-
nia nitrogen/total nitrogen (AN/TN) and organic acids like lactic
acid (LA), acetic acid (AA), propionic acid (PA), butyric acid (BA).
The pH was measured with a glass electrode pH meter (Shang-
hai Leici Instrument Factory, China). WSC was determined using
sulfuric acid anthrone colorimetric method!'¥, Ammonia nitro-
gen content was determined using the phenol-hypochlorite
sodium colorimetric method!'5l. The content of organic acids
(lactic acid, acetic acid, propionic acid, butyric acid) was
analyzed via Agilent 1100 HPLC (the chromatographic column
used was KC-811, 8 mm x 300 mm)U¢l,

Nutritional components measured include water content
(WC), crude protein (CP), Ether extract (EE), crude ash (Ash),
neutral detergent fiber (NDF), Acid detergent fiber (ADF). For
WG, 10 g of pulverized silage material was dried at 105 °C for 30
min, and then dried at 65 °C to constant weight. CP content
was determined according to the procedure of Kjeldahl
method!'7). Ash content was determined according to ignition
method!'?} EE was determined according to the Soxhlet extrac-
tion method!'8l,

For NDF and ADF content in the maize silage, 0.5 g samples
were precisely weighted after drying, grinding and sieving (40
mesh). Then, they were put into prepared neutral detergent
reagent or acidic detergent reagent, respectively following the
procedure of Van soest method!9l,

Data analysis

Analysis of variance (ANOVA) was performed using SPSS 25.0
for windows statistical software package. Duncan's method was
used for multiple comparisons within cellulase or xylanase.
Two-way ANOVAs were used to separate the effects of cellu-
lase, xylanase and their interaction. Differences were consid-
ered significant at p < 0.05 level.

The fuzzy mathematical membership function method was
used to comprehensively evaluate the effects of cellulase and
xylanase on fermentation quality and nutritive parameters(2°l,
Two calculation formulas were introduced as follows:

R(Xi) = (Xl - Xmin)/(Xmax - Xmin) (1)
R(Xi) =1- (Xl - Xmin)/(Xmax - Xmin) (2)

In formulas (1) and (2): R(y;) represents the membership func-
tion value of an index, X; is the measured value of the index,
Xmax is the maximum measured value of the index, and X, is
the minimum measured value of the index. When the
measured index is positively correlated with silage quality,
formula (1) is used. However, when the measured index is
negatively correlated with the silage quality, formula (2) is used
for calculation.

Results

Effects of cellulase and xylanase on fermentation
quality

The pH values of silages were not significantly affected by
cellulase or xylanase additive, however, all pH values of silage
were below 4, indicating the silage maize were well preserved
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(Table 2). The WSC content was affected by cellulase rather
than by xylanase. When the cellulase was applied alone, the
WSC content of C0.25, C0.5 treatment increased by 7.95% and
23.5%, respectively, compared with CK (p < 0.05). No interac-
tive effect was observed between cellulase and xylanase.

With regards to organic acids, different changes were
observed (Table 3). The lactic acid content increased with the
increase of the cellulase concentration, particularly the content
of C1.0 treatment was increased by 18.9% (p < 0.05). The
change of propionic acid was different to lactic acid, which
decreased by 22.5%, 30.1% and 31.2% in C0.25, C0.5 and C1.0
treatment, respectively, when compared to control (p < 0.05).
When xylanase was applied alone, the production of lactic acid
and acetic acid was significantly inhibited (p < 0.05). Moreover,
Table 2. Effects of cellulase and xylanase on pH, water soluble content
and ammonia nitrogen/total nitrogen of silage maize.

Water soluble Ammonia

Xylanase Cellulase  pHvalue  carbohydrates nitrogen/total
(%) nitrogen (%)
X0 Co 3.71+0.10%  3.02+0.03"° 1053+ 044"
C0.25 3.59+0.00% 3.26+0.17°% 936+ 0.46"E2
C0.5 3.72+0.06" 3.73+0.27% 9.69 + 0.272
C1.0 3.71+£0.09% 333+0.07% 982+ 049"
X0.25 Co 3.70+0.03% 332+0.24% 950+ 04882
C0.25 3.68+0.02% 333026 1045046
Co.5 3.67+£0.04 339+0.12° 8.77 +0.57%a
C1.0 3.77£0.09%2 342+0.20% 849 +0.73Ak2
X0.5 Co 3.65+0.01% 358+023%  7.68+0.49%P
C0.25 3.73+0.08% 385+028%  6.79+0.17%
C0.5  3.70+0.02% 358+0.11%  8.49+0.70"
C1.0  3.64+001% 366+007% 8.23+0.38R8P
X1.0 Co 3.61+0.02% 340+023%  809+0.438C
C0.25 3.72+0.07%2 378 +0.19% 8.31+0.448
C0.5 3.73+£0.06" 3.66+0.17% 9.27 £ 0.48%2
C1.0 3.69+0.04% 379+051% 7.81 +0.568

Different lowercase letters indicate there are significant differences between
cellulase concentration treatments at the same concentration of xylanase (p
< 0.05); different uppercase letter indicates that there are significant
difference between different xylanase concentration treatments at the same
cellulase concentration (p < 0.05).

Table 3. Effects of cellulase and xylanase on organic acids of silage maize.
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the contents of lactic acid, acetic acid and butyric acid in X0.25-
C1.0 treatment were significantly reduced by 22%, 62.2% and
64.2% (p < 0.05) , respectively. In contrast, AN/TN ratio of X0.25,
X0.5 and X1.0 treatment were also significantly decreased due
to xylanase additive application in comparison with control
(p < 0.05). It showed that the addition of xylanase is beneficial
to reduce the ammoniacal nitrogen. However, such effects
were not observed after cellulase application.

Chemical analyses

Cellulase and xylanase had no significant effect on water
content (p > 0.05) (Table 4). When xylanase was added at rate of
0.25 and 0.50 g-kg~', the CP content increased by 10.02% and
14.26%, respectively (p < 0.05). For EE, its content was increased
by both cellulase and xylanase. For example, EE was increased
by 8.75%, 24.24% and 11.11% (p < 0.05), respectively when
cellulase was added at 0.25, 0.50, 1.0 g-kg~".

The NDF content in C0.25-X0.25, C0.5-X0.25 and C1.0-X0.25
treatments was significant lower than C0-X0.25 treatment
(p < 0.05). When the cellulase was added at 1.0 g-kg~', the ADF
content was significantly reduced (p < 0.05). However, ADF
content was not significantly affected by xylanase. The crude
ash content in CO-X1.0 treatment was significantly lower than
C0-X0.25 (p < 0.05) (Fig. 1).

Interaction between cellulase and xylanase

No significant interactions in pH, EE, WC, Ash, NDF and ADF
were observed between cellulase and xylanase ( p > 0.05)
(Table 5). However, significant effects were on AN/TN, PA, BA,
and CP (p < 0.05). The synergistic effect of cellulase and
xylanase only exists on the effect on CP (p < 0.01).

Comprehensive evaluation

The effects of cellulase and xylanase were comprehensively
evaluated by the fuzzy mathematical membership function
method (Table 6). Generally, the larger the mean value is, the
better the silage quality is. After adding different concentra-
tions of cellulase and xylanase, the membership function values
of each treatment were higher than the control, and the mean
value of the membership function of C0.5 was the largest,

Xylanase Cellulase Lactic acid Acetic acid Propionic acid Butyric acid
(gkg™ (gkg™ (mg-g™' FM) (mg-g~' FM) (mg-g™' FM) (mg-g™' FM)
X0 Co 12.71 +0.58AP 11.99 + 0.7442 4.45 + 008482 1.31 +£0.04%°
C0.25 13.74 + 0.82A% 11.31 + 1.00%2 3.45+0.18% 1.01 + 0.09A¢
C0.5 14.46 + 0.6420 9.57 + 1.24h2 3.11+0.36% 1.54 +0.02%2
C1.0 15.11 £0.32%2 9.83 + 1.28%2 3.06 +0.318b 1.43 £ 0.073b
X0.25 Co 13.92 +0.59%2 10.33 +0.5382 3.18 +0.16% 2.01 +0.39%2
C0.25 14.12 + 0.35% 10.71 + 0.20% 3.29+0.1380 1.25+0.27%b
C0.5 13.03 + 0.77%2 7.95 + 2.37A82 3.23+0.15% 1.10 £ 0.25%2b
1.0 10.86 + 0.3580 3.91+0.1580 419 +0.13% 0.72+0.1180
X0.5 Co 10.65 + 0.0652 4,50 +£0.15 5.09+0.1142 1.19 +£0.39%
C0.25 11.03 +0.2782 4.30+0.168 5.21+0.33% 1.52 +0.09%2
C0.5 10.47 +£0.1182 4.29 +0.0682 5.13 +0.16" 1.38 £0.32%
1.0 10.70 +0.2782 4.37 +0.15682 4.77 +0.08" 1.43 +£0.20%
X1.0 Co 9.47 +0.2282 3.80 +0.25¢ 4,00 + 0.4082b 1.20 +£0.18%2b
C0.25 9.42 +0.08 3.84 +0.0982 3.28+0.17% 1.02 +0.12%°
C0.5 9.57 +0.448 4.20 + 0.6082 4.63 +0.09%2 1.53 £ 0.09%2
C1.0 10.28 +0.1882 3.95+0.158 4.64 +0.24% 1.07 + 0.0682

Different lowercase letters indicate there are significant differences between cellulase concentration treatments at the same concentration of xylanase
(p < 0.05); different uppercase letter indicates that there are significant difference between different xylanase concentration treatments at the same cellulase

concentration (p < 0.05).
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Table4. Effects of cellulase and xylanase on nutritional parameters of silage maize.

Xylanase (g-kg™") Cellulase (g-kg™") Water content (%) Crude protein (%) Ether extract (%) Crude ash (%)
X0 Co 7433 £0.33% 5.19 +0.148¢ 2.97 +0.058° 50.05 + 2.27"2
C0.25 7433 £0.33% 5.61+0.16"P 3.23+0.17A% 48.76 + 2.38"2

Co.5 7533 +0.33” 6.11 £ 0.05%2 3.69 +0.27°2 45.80+3.21%

C1.0 74.67 +0.3372 5.50 +0.118bc 3.30 + 0.07A2P 44,74 £0.15%

X0.25 Co 74.67 +0.337 5.71 + 0.0478ab 3.40 +0.18R82 52.06 + 1.85%2
C0.25 75.00 + 0.58"2 5.51 + 0.14Abc 3.46 + 0.09"2 43,14 +0.3980

C0.5 7533 £0.33% 5.39 +0.108¢ 3.31 +0.08"2 42.76 + 3.98°

C1.0 76.00 + 0.58"2 5.92 +0.077 3.70 +0.18%2 47.76 + 1.592b

X0.5 Co 7533 +0.33” 5.93 +0.02"° 3.55+0.22°2 50.55 + 1.33”2
C0.25 75.33 +0.33” 5.89 + 0.14A20 347 +0.13% 49.51 £ 0.45%

C0.5 7433 + 0.677 5.49 + 0.208b¢ 3.54+0.1172 4533 +2.13%

C1.0 7533 £ 0.33"2 5.37 +0.038¢ 3.63 +0.07%2 49.20 + 2,047

X1.0 Co 7533 £0.67"2 5.38 +0.36"8 3.53+0.11% 50.57 + 1.40"2
C0.25 75.00 + 0.00"2 5.72 + 0.06"° 3.75+0.19% 49.73 £0.95%

0.5 75.00 + 0.58"2 5.57 £0.148 3.62+0.177 48.75 + 1.08%2

C1.0 75.67 +0.33”2 463 +0.07% 3.42+0.177 49.26 + 1.33%

Different lowercase letters indicate there are significant differences between cellulase concentration treatments at the same concentration of xylanase
(p < 0.05); different uppercase letter indicates that there are significant difference between different xylanase concentration treatments at the same cellulase

concentration (p < 0.05).
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Fig. 1 Effects of cellulase and xylanase on ADF and NDF of silage maize.
Table 5. Interaction of cellulase and xylanase on the fermentation

quality and nutritional components

Treatments Cellulase Xylanase CXL;III::%S;*
pH value 0.749" 0.925 ns 0.503 ns
WSC (%) 0.171" 0.028 * 0.834™
AN/TN (%) 0.826" 0.019* 0.028 *
LA (mg-g™") 0.954" 0.001** 0.000 **
AA (mg-g™") 0.239" 0.000 ** 0.005 **
PA (mg-g™") 0.780" 0.012* 0.000 **
BA (mg-g™) 0.626™ 0.904" 0.017*
WC (%) 0.425" 0.316™ 0.335ns
CP (%) 0.638™ 0.584" 0.000 **
EE (%) 0.606" 0.241" 0.152"
Ash (%) 0.025* 0.017 * 0.142"
NDF (%) 0.044 * 0.227" 0.335™
ADF (%) 0.003 ** 0.128" 0.348"

'ns' indicates that the difference is not significant (p > 0.05); '*' indicates that
the difference is significant (p < 0.05); "**' indicates that the difference is very
significant (p < 0.01).

followed by C1.0; In the combined treatment, the means of
membership functions of C0.5-X0.25 and C0.25-X0.25 are better
than other treatments.
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Discussion

In recent years, animal husbandry in China has developed
rapidly and faces fodder shortage. Silage maize is an important
source of fodder as it has the advantages of high biomass,
good fiber quality, and suitable moisture content for ruminants.
In order to preserve the nutritional quality and improve the
fermentation quality, additives like enzymes and lactic acid are
often added to silage materials, which contribute to improve-
ment of the fermentation process directly or indirectly!2'.22,
After breaking plant cell walls during the ensiling process,
silage fermentation could be improved by providing sugars for
the lactic acid bacteria (LAB) and the nutritive value could be
enhanced by increasing the digestibility of cell walls23]. There-
fore, interest was raised to use cellulase and xylanase during
ensiling as cellulase could convert cellulose into the glucose
after hydrolyzing beta-1,4 glycosidic linkages!?*! and xylanases
help to break down hemicelluloses!2°..

The pH value is one of the crucial indicators assessing the
silage quality. Lowering pH value in ensiled forage can effec-
tively inhibit proteolysis because plant enzymes are quickly
inactivated with a decrease of pH[2%, In contrast, high pH value
indicates that the frequent activities of harmful bacteria are not
well inhibited. It has been well documented that the optimum

Li et al. Circular Agricultural Systems 2023, 3:8
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Table 6. Analysis of silage maize membership function and comprehensive value ranking.

Treatments R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12  Average Rank
Co0.5 0.28 0.85 0.22 0.89 0.70 0.98 0.36 1.00 0.94 0.85 0.67 0.43 0.68 1
Cc1.0 0.35 0.37 0.19 1.00 0.74 1.00 0.45 0.59 0.42 0.99 0.79 0.61 0.62 2
C0.5-X0.25 0.57 0.45 0.47 0.63 0.51 0.92 0.71 0.51 0.44 0.15 1.00 0.43 0.57 3
C0.25-X0.25 0.48 0.37 0.02 0.83 0.84 0.89 0.59 0.59 0.64 0.34 0.96 0.00 0.55 4
C0.25 1.00 0.29 0.31 0.76 0.92 0.82 0.78 0.66 0.34 0.17 0.35 0.05 0.54 5
C1.0-X0.5 0.70 0.78 0.61 0.22 0.07 0.20 0.45 0.50 0.85 0.69 0.31 1.00 0.53 6
C0.25-X1.0 0.30 0.92 0.59 0.00 0.00 0.89 0.77 0.73 1.00 0.54 0.25 0.29 0.53 7
C1.0-X0.25 0.00 0.49 0.55 0.25 0.01 0.47 1.00 0.87 0.94 0.43 0.46 0.34 0.48 8
C1.0-X1.0 0.44 0.93 0.73 0.15 0.02 0.27 0.73 0.00 0.58 1.00 0.30 0.61 0.48 9
C0-X1.0 0.89 0.45 0.65 0.01 0.00 0.56 0.63 0.51 0.73 0.79 0.16 0.31 0.47 10
C0.5-X0.5 0.39 0.68 0.55 0.18 0.06 0.04 0.49 0.58 0.74 0.57 0.72 0.54 0.46 1
C0-X0.5 0.65 0.68 0.76 0.22 0.09 0.06 0.64 0.88 0.75 0.24 0.16 0.21 0.44 12
C0.5-X1.0 0.24 0.77 0.34 0.03 0.05 0.27 0.37 0.64 0.85 0.65 0.36 0.67 0.44 13
C0.25-X0.5 0.22 1.00 1.00 0.28 0.06 0.00 0.38 0.85 0.65 0.28 0.27 0.23 0.44 14
C0-X0.25 0.41 0.36 0.27 0.79 0.80 0.94 0.00 0.73 0.55 0.00 0.00 0.22 0.42 15
Co 0.33 0.00 0.00 0.58 1.00 0.36 0.55 0.38 0.00 0.41 0.22 0.38 0.35 16

R1~R12 stand for pH, water soluble carbohydrates, ammonia nitrogen/total nitrogen, lactic acid, acetic acid, propionic acid, butyric acid, crude protein, crude

extract, crude ash, neutral detergent fiber and acid detergent fiber.

pH value for stable silage is below 4.21271, In this study, although
the pH value of all treatments was not significantly affected by
cellulase or xylanase, all values were lower than 3.9, showing
that addition of cellulase and xylanase had no adverse effect on
the pH value of silage.

Apart from the pH, one of the most useful indicators of silage
quality is the percentage of total nitrogen in the silage which is
present as ammonia nitrogen. The ammoniacal nitrogen/total
nitrogen ratio reflects the degradation degree of protein in the
ensiling process. Due to unfavorable microorganisms, the
degradation rate of protein and amino acids accelerates, which
leads to a higher ratio of ammoniacal nitrogen to total nitro-
gen. Extensive protein degradation during the fermentation
has been documented in some studies[?8. However, in the
present study, xylanase reduced the ratio of ammonia nitro-
gen/total nitrogen by 27.1%, thus it suggests an enhancement
of protein preservation after the addition of xylanase. This was
further proved by the significant increased in CP in silage,
which was in agreement with the study by Yang(29l,

In the process of ensiling, WSC is used as the basic substance
by lactic acid bacteria and other aerobic microorganisms.
Through metabolic activities, lactic acid bacteria use WSC to
produce lactic acid and acetic acid, which lowers pH valuel3°.
As a result, decomposition of WSC by aerobic microorganisms
will be inhibited. In our study, cellulase increased the water
soluble carbohydrate content, which was consistent with the
results reported by Albrecht & Mucki28l . The higher WSC
content means the quality of silage is well maintained and
related to good silage quality. Along with the increase of WSC,
lactic acid content increased after cellulase addition, especially
at higher adding rate in the study. LA is the most powerful
organic acid capable of rapidly decreasing pHE as it is 10 to 12
times stronger than acetic acid and propionic acid®2. The accu-
mulation of lactic acid is the main reason for the pH decrease
during anaerobic fermentation(331,

According to Shao et al,, cellulase promotes the degradation
of fiber, releases soluble carbohydrates, provides additional
fermentation substrates for lactic acid bacteria, and rapidly
produces lactic acid®*4. A decrease of butyric acid content was
also observed when two additives were applied together. It is
believable that butyric acid is responsible for reducing silage

Li et al. Circular Agricultural Systems 2023, 3:8

intake, its decrease is better for fermentation quality2',
However, the decreasing effect was closely related to the type
of enzyme and dose used3>),

NDF is the most effective indicator to reflect the quality of
fiber. ADF is the key to indicate the energy of forage grass, the
lower its content, the higher the digestibility of forage grass,
and the greater the feeding value. In this experiment, the addi-
tion of cellulase reduced the content of NDF and ADF, which is
consistent with the study of Hou et al.l9l, It suggests that the
plant fibers in silage maize could be digested easier after
adding additives. The mechanism behind the decrease in NDF
with additive treatment may be related to the increase in WSC
content because of degrading cellulose, which need further
study.

Conclusions

Our study showed cellulase and xylanase additives have
positive effects on fermentation quality and nutritive value of
silage maize silage. Particularly, addition of cellulase increased
the LA, WSC, CP and EE content, and decreased ammonia nitro-
gen and total nitrogen, NDF and ADF while xylanase inhibited
the production of AA and PA, contributed to improvement of
CP and EE. Interaction between cellulase and xylanase was
observed in organic acids and CP. Both contribute to enhance-
ment of CP. According to the comprehensive comparison of
membership function analysis, it suggests that addition of 0.5
g-kg™! cellulase alone or 0.5 g-kg~' cellulase and 0.25 g-kg™'
xylanase combined could achieve better silage.
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