
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201711.00770

Effects of Compound Enzyme Preparation on
Rumen Fermentation, Nutrient Apparent Di-
gestibility, and Production Performance in Lac-
tating Dairy Cows (Postprint)
Authors: Lin Jing, Zhao Xinyuan, Full Text, Wang Yajing, Cao Zhijun, Shengli
Li, Yu Xiong

Date: 2017-10-10T00:00:00+00:00

Abstract
This experiment aimed to investigate the effects of dietary supplementation
with different doses of compound enzyme preparation on rumen fermentation,
apparent nutrient digestibility, serum indices, and production performance of
lactating dairy cows. Nine lactating Holstein cows with similar body weight,
parity [(2.30±0.06) parities], milk yield [(37.00±0.03) kg/d], and days in milk
[(90±0.15) d] were selected and randomly divided into 3 groups with 3 cows
per group. A 3×3 Latin square design was adopted; the control group was fed
a basal diet, while experimental groups I and II were supplemented with 10
and 20 g/(head・d) of compound enzyme preparation on the basis of the basal
diet, respectively. Three periods of animal experiments were conducted, each
lasting 21 days, including a 14-day preliminary period and a 7-day sampling
period. The results showed that: 1) Dietary supplementation with 10 g/(head・
d) of compound enzyme preparation significantly increased the concentration
of butyrate in rumen fluid of dairy cows (P<0.05), but had no significant ef-
fect on the concentration of total volatile fatty acids and other volatile fatty
acids (P>0.05); 2) Compared with the control group, dietary supplementation
with 10 g/(head・d) of compound enzyme preparation significantly improved
the apparent digestibility of dry matter, crude protein, and neutral detergent
fiber in dairy cows (P<0.05), and also tended to increase the apparent digestibil-
ity of acid detergent fiber (P=0.06); 3) Dietary supplementation with 10 and
20 g/(head・d) of compound enzyme preparation significantly increased milk
yield of dairy cows (P<0.05), and the 10 g/(head・d) group showed increases
of 4.85 (P<0.05), 0.49 (P<0.05), and 0.32 kg/d (P<0.05) in 4% fat-corrected
milk (4% FCM) yield, milk fat yield, and lactose yield, respectively, compared
with the control group; 4) The addition of compound enzyme preparation had
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no significant effect on serum indices of dairy cows (P>0.05). In conclusion,
dietary supplementation with 10 g/(head・d) of compound enzyme preparation
can significantly increase milk yield, milk fat yield, and ruminal butyrate con-
centration in lactating dairy cows, and the feeding effect is superior to that at
the supplementation level of 20 g/(head・d). Taking all factors into considera-
tion, the recommended supplementation level of compound enzyme preparation
in the diet of lactating dairy cows is 10 g/(head・d).
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Abstract: This study investigated the effects of dietary supplementation with
different doses of compound enzyme preparation on rumen fermentation, nu-
trient apparent digestibility, serum parameters, and production performance
in lactating dairy cows. Nine Holstein cows with similar body weight, par-
ity [(2.30±0.06) lactations], milk yield [(37.00±0.03) kg/d], and days in milk
[(90±0.15) d] were randomly assigned to three groups (n=3 per group) in a
3×3 Latin square design. The control group received a basal total mixed ra-
tion (TMR), while trial groups I and II received the basal TMR supplemented
with 10 and 20 g/(head・d) of compound enzyme preparation, respectively. The
experiment consisted of three periods, each lasting 21 days (14-day adaptation
and 7-day sampling). The results showed that: (1) Supplementation with 10
g/(head・d) of compound enzyme preparation significantly increased ruminal
butyrate concentration (P<0.05) but had no significant effects on total volatile
fatty acids (TVFA) or other individual VFA concentrations (P>0.05). (2) Com-
pared with the control group, 10 g/(head・d) enzyme supplementation signifi-
cantly improved apparent digestibility of dry matter (DM), crude protein (CP),
and neutral detergent fiber (NDF) (P<0.05), with a tendency to increase acid
detergent fiber (ADF) digestibility (P=0.06). (3) Both 10 and 20 g/(head・d)
enzyme supplementation significantly increased milk yield (P<0.05). Specifi-
cally, the 10 g/(head・d) group showed significant increases in 4% fat-corrected
milk (4% FCM) yield, milk fat yield, and lactose yield by 4.85 kg/d (P<0.05),
0.49 kg/d (P<0.05), and 0.32 kg/d (P<0.05), respectively, compared with the
control group. (4) Enzyme supplementation had no significant effects on serum
parameters (P>0.05). In conclusion, dietary supplementation with 10 g/(head・
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d) of compound enzyme preparation significantly improved milk yield, milk
fat yield, and ruminal butyrate concentration in lactating cows, with superior
efficacy compared to the 20 g/(head・d) dose. Based on these findings, the rec-
ommended supplementation rate of compound enzyme preparation for lactating
dairy cows is 10 g/(head・d).

Keywords: compound enzyme preparation; lactating dairy cow; rumen fer-
mentation; nutrient apparent digestibility; performance

Feed enzyme preparations are primarily classified as single-enzyme or compound-
enzyme preparations. Compound enzyme preparations contain multiple en-
zymes, typically formulated with one or several single-enzyme preparations as
the main components mixed with other enzymes. In the current livestock pro-
duction environment emphasizing “health, quality, efficiency, and environmen-
tal protection,”feed enzyme preparations have been widely applied as non-toxic,
green additives in compound feeds for animal husbandry.

Initially, exogenous enzyme preparations were applied to monogastric animals
such as pigs and poultry, where they improved nutrient digestibility and ani-
mal performance through relatively well-understood mechanisms [1-4]. However,
research on exogenous enzyme preparations in ruminant nutrition started rela-
tively late. Early scholars believed that enzymes synthesized by ruminants them-
selves were sufficient for fiber digestion, and that exogenous enzymes would be
inactivated by proteolytic bacteria in the rumen, rendering their application un-
necessary. Recent studies have confirmed that exogenous enzyme preparations
can remain stable in the rumen, reigniting research interest in their supplemen-
tation in ruminant diets.

Research has shown that supplementing ruminant diets with compound enzyme
preparations primarily containing cellulase and xylanase can disrupt plant cell
walls, eliminate anti-nutritional factors, compensate for endogenous enzyme de-
ficiencies, and improve nutrient digestibility, thereby enhancing animal perfor-
mance [5]. However, the efficacy of compound enzyme preparations is often
inconsistent due to factors such as enzyme type, supplementation method, diet
composition, and the physiological status of animals [6-9]. With continuous
improvements in biotechnology, the application of exogenous compound en-
zyme preparations in ruminants has become increasingly widespread. Given
the variable effects and unclear mechanisms of action in ruminant production
practice, this study supplemented a total mixed ration (TMR) with an exoge-
nous compound enzyme preparation primarily containing cellulase, xylanase,
and glucanase to investigate its specific effects on rumen fermentation, nutri-
ent apparent digestibility, serum parameters, and production performance in
lactating dairy cows. The aim was to expand the database on enzyme appli-
cation effects and provide insights for rational use and mechanistic studies of
compound enzyme preparations.
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1.1 Experimental Material

The ruminant-specific compound enzyme preparation used in this experiment
was provided by Hunan Youtell Biochemical Co., Ltd., with the following main
components: cellulase 3,000 U/g, xylanase 10,000 U/g, �-glucanase 5,000 U/g,
and pectinase 1,000 U/g.

1.2 Experimental Design

Nine Holstein dairy cows with similar body weight, parity [(2.30±0.06) lacta-
tions], milk yield [(37.00±0.03) kg/d], and days in milk [(90.00±0.15) d] were
randomly divided into three groups (n=3 per group). A 3×3 Latin square
design was employed, with the control group receiving a basal diet and trial
groups I and II receiving the basal diet supplemented with 10 and 20 g/(head・
d) of compound enzyme preparation, respectively. The experiment consisted
of three periods, each lasting 21 days (14-day adaptation and 7-day sampling).
Throughout the trial, cows were fed TMR twice daily at 08:00 and 14:00. The
pre-weighed enzyme preparation was sprinkled onto the corresponding group’
s TMR at 08:00 each day, mixed thoroughly before feeding. Feed intake and
refusals were recorded throughout the trial using an automatic feeding system
(roughage intake control system, RIC, Netherlands). Cows were milked mechan-
ically three times daily (05:30, 14:00, and 20:00), housed in free-stall barns with
ad libitum water access. Daily observations were recorded for feeding behav-
ior, rumination, fecal and urinary conditions, and incidence of mastitis or hoof
diseases.

1.3 Experimental Diet

The experiment was conducted at the Zhongdi Elite Dairy Science and Technol-
ogy Park in Shunyi District, Beijing. A TMR formulated with corn, corn silage,
and alfalfa as main ingredients served as the basal diet. The composition and
nutrient levels of the basal diet are presented in Table 1 .

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

Item Content
Ingredients (air-dry basis)
Corn silage
Imported alfalfa
Domestic alfalfa
Oat grass
Chinese wildrye
Corn
Wheat grain
Extruded soybean
Soybean meal
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Item Content
Molasses
Steam-flaked corn
Cottonseed
Soybean hulls
Rumen-pass fatty acid¹)
Yeast culture
Mycotoxin removement agent²)
NaCl
Limestone
NaHCO�
CaHPO�
Mineral-vitamin premix³)
MgO
Total
Nutrient levels (DM basis)�)
NEL/(MJ/kg)
CP
NDF
ADF
EE
Ash
Ca

¹) Rumen-pass fatty acid purchased from Berg-Schmidt Co., Germany.
²) Mycotoxin removement agent purchased from Biomin Co., Austria.
³) Mineral-vitamin premix provided the following per kg of diet: VA 1,000,000
IU, VD� 280,000 IU, VE 10,000 IU, nicotinic acid 1,000 mg, Cu 3,250 mg, Mn
4,800 mg, Zn 12,850 mg, I 140 mg, Se 150 mg, Co 110 mg.
�) NEL was a calculated value [NEL (MJ/kg) = 0.0551 × DE (MJ/kg) - 0.0946],
while other nutrient levels were measured values.

1.4 Sampling and Analysis Methods

1.4.1 Feed Sample Collection and Analysis Daily feed intake and refusals
were recorded using the automatic feeding monitoring system to calculate dry
matter intake (DMI). Feed samples were collected weekly, dried at 65°C, equili-
brated, and processed into air-dried samples for storage. Following the methods
described by Zhang Liying [10], feed samples were analyzed for dry matter
(DM), then for crude protein (CP), ether extract (EE), ash, neutral detergent
fiber (NDF), acid detergent fiber (ADF), calcium (Ca), and phosphorus (P) on a
DM basis. Acid-insoluble ash (AIA) content was also determined for calculating
nutrient apparent digestibility.
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1.4.2 Milk Yield and Composition Measurement Daily milk yield was
recorded during each sampling period, and 4% fat-corrected milk (4% FCM)
yield was calculated. On days 1 and 2 of each sampling period, milk samples were
collected and pooled in a 4:3:3 ratio (morning:afternoon:evening) into 50 mL
containers with potassium dichromate preservative. Samples were immediately
sent to the Beijing Dairy Cattle Center for analysis using a MilkoScan 605
multifunctional milk composition analyzer (Foss Electric, Hillerod, Denmark)
to determine milk fat percentage, milk protein percentage, lactose percentage,
somatic cell count, and milk urea nitrogen content.

1.4.3 Rumen Fluid Collection and Analysis On days 3 and 4 of each
sampling period, rumen contents (50 mL) were collected via oral intubation
at 2-hour intervals (0, 2, 4, 6, and 8 h) after morning feeding (08:00). Af-
ter filtration through four layers of cheesecloth, pH was measured immediately.
Samples were then centrifuged at 1,500×g for 15 min, and the supernatant was
collected and stored at -20°C in two plastic bottles for determination of am-
monia nitrogen (NH�-N) and volatile fatty acid (VFA) concentrations. NH�-N
concentration was determined by the phenol-hypochlorite colorimetric method
using a UV spectrophotometer (UV-2600, Unico, Shanghai), while VFA con-
centration was analyzed by gas chromatography (Agilent 6890N, Beijing Beifen
Tianpu Instrument Technology Co., Ltd.).

1.4.4 Blood Sample Collection and Analysis On day 7 of each sampling
period, 10 mL of blood was collected from the tail vein using vacuum tubes
(Shandong Aosite Medical Devices Co., Ltd.) before morning feeding. Blood
samples were centrifuged immediately at 1,500×g for 15 min, and serum was
aliquoted into 1.5 mL tubes and stored at -20°C. Serum samples were sent to
Beijing Labtech Technology Development Co., Ltd. for colorimetric determina-
tion of glucose (GLU), triglyceride (TG), total cholesterol (TC), free fatty acid
(FFA), �-hydroxybutyric acid (BHBA), urea nitrogen (UN), total protein (TP),
and albumin (ALB).

1.4.5 Fecal Sample Collection and Analysis During days 5–7 of each
sampling period, fecal samples were collected continuously 12 times via rectal
grab sampling (300–500 g per sample). Sampling times were 04:00, 09:00, 14:00,
and 19:00 on day 5; 05:00, 10:00, 15:00, and 20:00 on day 6; and 06:00, 11:00,
17:00, and 22:00 on day 7. After the final collection, fecal samples from each
cow were thoroughly mixed, and approximately 200 g was taken and mixed with
10% tartaric acid (1/4 of fecal weight) before drying to prepare air-dried sam-
ples. These were analyzed for nutrient and AIA content to calculate apparent
digestibility using the formula from Zhong et al. [11]:

Nutrient apparent digestibility = [1 - (Ad × Nf) / (Af × Nd)] × 100

Where Ad (g/kg) and Af (g/kg) represent AIA content in diet and feces, respec-
tively; Nd (g/kg) and Nf (g/kg) represent the corresponding nutrient content
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in diet and feces, respectively.

1.5 Statistical Analysis

Experimental data were initially processed in Excel 2007 and analyzed using
the ANOVA model in SPSS 19.0. Duncan’s multiple range test was applied for
post-hoc comparisons, with significance set at P<0.05. Results are expressed as
mean ± standard error (SE).

2.1 Effects of Compound Enzyme Preparation on Rumen
pH, NH�-N, and VFA Concentrations
As shown in Table 2 , compared with the control group, trial group I exhib-
ited significantly higher ruminal butyrate concentration (P<0.05). Addition-
ally, trial group I showed tendencies for increased acetate concentration and
decreased NH�-N concentration, though these differences were not statistically
significant (P>0.05). Rumen pH, TVFA concentration, propionate concentra-
tion, and acetate/propionate ratio were not significantly affected by enzyme
supplementation (P>0.05).

Table 2 Effects of compound enzyme preparation on pH and concentrations of
NH�-N and VFA in rumen fluid of lactating cows

Item Control Trial Group I Trial Group II P-value
pH 6.53±0.04 6.51±0.06 6.52±0.06
NH�-N (mg/mL) 13.63±0.27 11.97±0.24 12.40±0.19
Acetate (mmol/L) 58.63±2.09 61.50±1.95 59.60±1.40
Propionate (mmol/L) 25.57±1.41 25.04±1.38 25.87±1.02
Butyrate (mmol/L) 10.78±0.47� 13.86±0.75� 11.01±0.34�� <0.05
Acetate/Propionate 2.29±0.56 2.46±0.63 2.30±0.44
TVFA (mmol/L) 94.99±5.49 100.41±4.89 96.48±2.11

�� In the same row, values with no letter or the same letter superscripts indi-
cate no significant difference (P>0.05), while different lowercase letters indicate
significant difference (P<0.05). The same applies below.

Figure 1 [Figure 1: see original paper] illustrates the postprandial changes in
ruminal pH and NH�-N concentration at 0, 2, 4, 6, and 8 h after feeding. The
pH dynamics were similar across groups, gradually decreasing from 0 h post-
feeding, reaching the lowest value around 6 h, then increasing again. NH�-N
concentration patterns were also consistent among groups, peaking at 2 h post-
feeding, then gradually decreasing until the second feeding.
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2.2 Effects of Compound Enzyme Preparation on Nutrient
Apparent Digestibility
As shown in Table 3 , supplementation with 10 g/(head・d) of compound en-
zyme preparation significantly improved apparent digestibility of DM, CP, and
NDF (P<0.05). Although enzyme supplementation did not significantly affect
ADF digestibility (P>0.05), it showed a tendency to improve it. While differ-
ences between trial groups I and II were not significant (P>0.05), all nutrient
digestibility values were numerically higher in trial group I than in trial group
II.

Table 3 Effects of compound enzyme preparation on nutrient apparent di-
gestibility of lactating cows

Item Control Trial Group I Trial Group II P-value
DM 69.34±0.04� 71.35±0.06� 69.96±0.05�� <0.05
CP 73.45±0.28� 76.12±0.52� 75.65±0.19�� <0.05
NDF 58.08±1.25� 62.26±0.86� 61.18±1.47�� <0.05
ADF 56.12±1.84 58.61±1.54 56.53±1.48

2.3 Effects of Compound Enzyme Preparation on DMI,
Milk Yield, and Milk Composition
As shown in Table 4 , no significant differences in DMI were observed among
groups (P>0.05). However, enzyme supplementation significantly increased
milk yield (P<0.05), with similar magnitude of improvement in both trial groups
compared with the control. Trial group I showed significant improvements not
only in milk yield and milk fat percentage (P<0.05) but also in 4% FCM yield,
milk fat yield, and lactose yield, which increased by 4.85 kg/d (P<0.05), 0.49
kg/d (P<0.05), and 0.32 kg/d (P<0.05), respectively, compared with the con-
trol group. Other milk components did not differ significantly among groups
(P>0.05).

Table 4 Effects of compound enzyme preparation on DMI, milk production,
and milk composition of lactating cows

Item Control Trial Group I Trial Group II P-value
DMI
(kg/d)

23.09±0.76 23.61±0.50 23.62±0.58

Milk
yield
(kg/d)

41.27±1.36� 42.21±1.08� 42.24±1.03� <0.05

4%
FCM
(kg/d)

37.92±1.35� 42.77±1.70� 40.57±1.63�� <0.05
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Item Control Trial Group I Trial Group II P-value
Feed
effi-
ciency
Milk
fat per-
cent-
age
(%)

3.27±0.15� 4.03±0.17� 3.76±0.29�� <0.05

Milk
fat
yield
(kg/d)

1.25±0.10� 1.74±0.12� 1.55±0.14�� <0.05

Milk
protein
per-
cent-
age
(%)

3.15±0.12 3.29±0.10 3.30±0.13

Milk
protein
yield
(kg/d)

1.19±0.06 1.34±0.08 1.41±0.08

Lactose
per-
cent-
age
(%)

4.81±0.12 5.00±0.07 4.86±0.16

Lactose
yield
(kg/d)

1.82±0.06� 2.14±0.09� 1.96±0.09�� <0.05

UN
(mg/dL)

16.61±0.79 14.79±1.32 15.70±1.52

Somatic
cell
count
(×10³
mL�¹)

37.78±6.98 35.88±6.56 38.13±6.67

2.4 Effects of Compound Enzyme Preparation on Serum
Parameters
As shown in Table 5 , enzyme supplementation tended to increase serum FFA
and BHBA concentrations but without reaching statistical significance (P>0.05).
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Other serum parameters were also not significantly affected by enzyme sup-
plementation (P>0.05), indicating that exogenous enzyme preparation did not
significantly impact cow health status.

Table 5 Effects of compound enzyme preparation on serum indexes of lactating
cows

Item Control Trial Group I Trial Group II P-value
GLU (mmol/L) 4.93±0.17 4.98±0.14 4.86±0.08
TP (g/L) 75.22±1.86 74.78±1.87 73.33±2.31
ALB (g/L) 35.56±0.56 34.78±0.94 35.11±0.31
GLB (g/L) 39.66±0.60 40.00±0.84 38.22±0.41
TG (mmol/L) 0.55±0.02 0.53±0.04 0.51±0.02
FFA (�mol/mL) 71.05±13.32 97.78±22.51 93.81±25.71
BHBA (mmol/L) 0.63±0.87 0.84±0.19 0.81±0.17
TC (mmol/L) 8.87±0.78 8.97±0.58 8.76±0.70
UN (mmol/L) 5.78±0.37 5.88±0.26 5.89±0.29

3.1 Effects of Compound Enzyme Preparation on Rumen
Fermentation in Lactating Cows
Ruminal pH is a crucial indicator reflecting rumen fermentation status, typically
fluctuating within a certain range. Feng Yanglian [12] reported that the normal
range of ruminal pH is 6.0–7.0. In this study, ruminal pH showed minimal vari-
ation in both enzyme-supplemented and control groups, with all values within
the normal range. Previous research has shown that diet structure and nutrient
levels are the fundamental factors affecting ruminal pH [13]. Since all groups
received the same TMR throughout the trial, no significant effects on ruminal
pH were expected.

Volatile fatty acids (VFAs) produced from carbohydrate fermentation by rumen
microorganisms are important indicators of rumen health, providing 70–80% of
energy requirements for ruminants. Acetate, propionate, and butyrate account
for approximately 95% of TVFA concentration. Propionate is the primary pre-
cursor for gluconeogenesis, while acetate and glucose exhibit substantial inter-
dependence for milk fat synthesis in dairy cows [14]. Arriola et al. [15] reported
that dietary fibrolytic enzyme supplementation increased ruminal TVFA con-
centration but decreased the acetate/propionate ratio. Chung et al. [16] found
no significant changes in ruminal TVFA, NH�-N concentration, or pH when sup-
plementing a fibrolytic enzyme preparation. Li Yanling et al. [17] observed no
significant differences in TVFA concentration or acetate/propionate ratio in fer-
mentation fluid after adding a cellulase- and xylanase-based compound enzyme,
except for isovalerate. In contrast, our results showed that enzyme supplemen-
tation at 10 g/(head・d) significantly increased butyrate concentration without
affecting other VFA concentrations. Ruminal butyrate is primarily synthesized
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from acetate through the reverse reaction of fatty acid �-oxidation under micro-
bial action and is less affected by other factors. Our study found that acetate
concentration tended to increase in both trial groups compared with the con-
trol, suggesting that elevated acetate may have promoted butyrate synthesis via
enhanced reverse �-oxidation, though the specific mechanism requires further in-
vestigation.

Ruminal microbial growth requires an optimal NH�-N concentration, with re-
ported tolerance ranges of 6–30 mg/dL. Ruminal NH�-N concentration is deter-
mined by both protein degradation in the rumen and microbial ammonia uti-
lization rates. In this study, NH�-N concentrations in all groups were within the
normal range with similar variation patterns. Numerically, both enzyme doses
tended to decrease ruminal NH�-N concentration, possibly due to enhanced mi-
crobial ammonia utilization. Li Yanling et al. [17] also observed numerically
reduced NH�-N concentration in fermentation fluid, speculating that microbial
NH�-N utilization had increased, which aligns with our findings.

3.2 Effects of Compound Enzyme Preparation on Nutrient
Apparent Digestibility in Lactating Cows
Initially, some researchers believed that exogenous cellulase-based compound
enzyme preparations would be inactivated by proteolytic bacteria in the rumen.
However, studies have confirmed that exogenous enzymes can remain stable in
the ruminal environment [18-19]. The stability of exogenous enzymes in the
rumen may be related to enzyme glycosylation, as some enzymes produced by
specific ruminal microbial flora can prevent hydrolysis of exogenous enzymes
even without glycosylation [20]. Consequently, most studies have reported pos-
itive effects of enzyme supplementation on feed digestibility [21-24].

Under normal conditions, exogenous enzymes constitute only a small portion of
total ruminal enzymes, making it difficult to attribute improvements in fiber di-
gestion solely to direct enzymatic action. Therefore, some researchers have spec-
ulated that exogenous enzymes may function synergistically with endogenous en-
zymes [25] or enhance microbial attachment to feed particles [18]. Other studies
have found that exogenous enzyme supplementation significantly increased fiber-
degrading bacterial populations in sheep and dairy cows, suggesting that altered
ruminal microbial populations may represent a potential mode of action [26-27].
Our results demonstrated that 10 g/(head・d) enzyme supplementation signifi-
cantly improved apparent digestibility of DM, CP, and NDF, with a tendency
to promote ADF digestion. The 20 g/(head・d) dose also improved nutrient
digestibility. This may be attributed to synergistic effects among cellulase, xy-
lanase, glucanase, and pectinase in the compound preparation, which maximally
reduces feed viscosity, disrupts plant cell walls (especially non-starch polysac-
charides like cellulose, xylan, and pectin), enhances feed nutritional value during
rumen fermentation, releases nutrients for animal digestion and absorption, and
improves NDF digestibility, thereby increasing overall feed digestibility. This
explains why cellulase-based compound enzyme supplementation can simulta-
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neously improve digestibility of both fiber and non-fiber components. However,
excessive enzyme supplementation may compete with ruminal microbes for feed
binding sites, potentially impairing endogenous enzyme attachment and diges-
tion. In our study, the 20 g/(head・d) dose was less effective than the 10 g/(head・
d) dose, highlighting the importance of considering appropriate supplementation
levels for optimal efficacy.

3.3 Effects of Compound Enzyme Preparation on Produc-
tion Performance of Lactating Cows
Numerous studies have confirmed that appropriate enzyme supplementation can
improve animal performance, though reports on its effects on milk yield and
composition in dairy cows have been inconsistent. Yang et al. [21] reported that
supplementing alfalfa-based diets with cellulase- and xylanase-based enzymes
significantly increased milk yield in a dose-dependent manner but had minimal
effects on milk composition. In contrast, Bowman et al. [28] and Eun et al. [29]
found positive effects on milk fat and protein percentages. Recent domestic
studies have also shown that different enzyme doses can increase milk yield to
varying degrees without significantly affecting milk composition. Du Renrang
[30] reported increased milk yield but unchanged milk composition when supple-
menting dairy cow concentrate with four different enzyme doses. Liu Yunbo et
al. [31] observed improvements in both milk yield and milk fat percentage when
adding compound enzyme to corn silage and wheat straw-based diets. Wang
Chaoli et al. [32] found that 30 g/(head・d) enzyme supplementation significantly
increased milk yield without affecting milk composition. The variable results
may be attributed to factors such as enzyme type, dosage, and supplementation
method.

Our study found that enzyme supplementation did not significantly affect DMI
but significantly increased milk yield. The 10 g/(head・d) group showed sig-
nificant improvements in 4% FCM yield, milk fat percentage, milk fat yield,
and lactose yield, consistent with findings from Zhou Xiaojuan et al. [33] and
Du Ruiping et al. [34]. DMI is influenced by multiple factors including animal
individuality, environment, and diet composition [35]. Since all groups received
the same TMR under similar environmental conditions with comparable animal
characteristics, no significant differences in DMI were observed. However, by
improving rumen fermentation and overall nutrient digestibility, enzyme sup-
plementation enhanced feed conversion efficiency, thereby increasing milk yield
and improving milk composition.

3.4 Effects of Compound Enzyme Preparation on Serum
Parameters of Lactating Cows
Serum parameters are commonly used to assess cow health and metabolic status.
Serum glucose content reflects the dynamic balance of glucose absorption, trans-
port, and metabolism, typically maintaining constant values. Normal serum

chinarxiv.org/items/chinaxiv-201711.00770 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00770


total protein and albumin concentrations in dairy cows range from 62–82 g/L
and 28–39 g/L, respectively, generally showing similar trends [36]. Blood urea
nitrogen, derived from tissue protein catabolism and ruminal ammonia absorp-
tion, is the end product of protein metabolism and remains relatively stable,
influenced by dietary nitrogen intake and endogenous nitrogen secretion. Our
study found no significant differences in serum glucose, total protein, albumin,
or urea nitrogen among groups, likely due to the strong homeostatic regulation
in ruminants. Li Kui et al. [37] reported similar findings in Angus beef cattle,
where enzyme supplementation affected these parameters numerically but not
statistically.

Free fatty acids, derived from triglyceride mobilization and lipolysis in adi-
pose tissue, are widely involved in metabolic cycles and constantly fluctuate.
�-hydroxybutyric acid is primarily synthesized from free fatty acid oxidation in
the liver and from butyrate absorbed across the rumen wall [38-39], serving as
a precursor for milk fat synthesis in ruminants. Our study found that enzyme
supplementation increased serum FFA and BHBA concentrations to varying de-
grees, indicating enhanced body fat mobilization. Additionally, the increased
ruminal butyrate concentration observed in our study may have contributed
to elevated BHBA, as most butyrate is converted to BHBA during absorption
through the rumen wall, further confirming the potential of enzyme supplemen-
tation to improve milk fat percentage.

Conclusion
Dietary supplementation with 10 g/(head・d) of compound enzyme preparation
significantly improved apparent digestibility of NDF, CP, and DM, promoted
ADF digestion, and consequently increased milk yield and improved milk com-
position, with superior efficacy compared to the 20 g/(head・d) dose. Based on
comprehensive evaluation, the recommended supplementation rate of compound
enzyme preparation for lactating dairy cows is 10 g/(head・d).
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