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Abstract
This experiment investigated the effects of reducing dietary nitrogen and phos-
phorus levels or using compound additives on milk production performance,
blood biochemical parameters, and nitrogen and phosphorus excretion in lactat-
ing Holstein dairy cows, aiming to reduce nitrogen and phosphorus emissions in
cow feces and urine without affecting production performance. A paired exper-
imental design was adopted, and 36 lactating Holstein dairy cows were divided
into 3 groups with 12 cows each, namely the control (CR) group (original dairy
farm formula diet), the low nitrogen and phosphorus (LPP) group [original dairy
farm formula diet with 0.70% nitrogen (crude protein) and 0.03% phosphorus
reduced], and the compound additive (CA) group [original dairy farm formula
diet + compound additive (composed of active yeast, enzyme preparation, and
organic zinc)]. The preliminary period was 7 d, and the formal experimental
period was 30 d. Milk yield, milk composition, blood biochemical parameters,
and nitrogen and phosphorus excretion were measured. The results showed that
there were no significant differences in milk yield, dry matter intake, or milk
composition among groups (P>0.05); compared with the CR group, the LPP
group exhibited increased apparent digestibility of acid detergent fiber and phos-
phorus by 73.12% and 42.94%, respectively (P<0.05); compared with the CR
group, total nitrogen and total phosphorus excretion in the LPP group were
reduced by 9.11% and 26.34%, respectively (P<0.05), and in the CA group by
16.35% and 16.10%, respectively (P<0.05); there were no significant differences
in blood biochemical parameters between the LPP and CR groups (P>0.05),
while blood alanine aminotransferase (ALT) activity and phosphorus content in
the CA group were significantly higher than those in the CR group (P<0.05).
The results suggest that, under the condition of meeting normal nutritional re-
quirements, both appropriately controlling nitrogen and phosphorus intake in
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dairy cows and using compound additives can reduce nitrogen and phosphorus
excretion.
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Abstract

This study investigated the effects of reducing dietary nitrogen and phospho-
rus levels or using compound additives on milk production performance, blood
biochemical parameters, and nitrogen and phosphorus emissions in lactating
Holstein cows, aiming to reduce nitrogen and phosphorus excretion in feces and
urine without affecting production performance. Using a paired experimental
design, 36 lactating Holstein cows were divided into 3 groups with 12 cows per
group: control (CR) group (original farm diet), low protein and phosphorus
(LPP) group [original farm diet with 0.70% reduced nitrogen (crude protein)
and 0.03% reduced phosphorus], and compound additive (CA) group [original
farm diet + compound additive (composed of active yeast, enzyme preparation,
and organic zinc)]. The pre-test period lasted 7 days, and the formal test pe-
riod lasted 30 days. Milk yield, milk composition, blood biochemical parameters,
and nitrogen and phosphorus emissions were measured. The results showed that
there were no significant differences in milk yield, dry matter intake, or milk
composition among groups (P>0.05). Compared with the CR group, the LPP
group showed increased apparent digestibility of acid detergent fiber and phos-
phorus by 73.12% and 42.94%, respectively (P<0.05). Compared with the CR
group, total nitrogen and total phosphorus emissions in the LPP group were
reduced by 9.11% and 26.34% (P<0.05), respectively, while those in the CA
group were reduced by 16.35% and 16.10% (P<0.05), respectively. There were
no significant differences in blood biochemical parameters between the LPP and
CR groups (P>0.05), while blood alanine aminotransferase (ALT) activity and
phosphorus content in the CA group were significantly higher than those in the
CR group (P<0.05). These results suggest that, under conditions where normal
nutritional requirements are satisfied, appropriately controlling nitrogen and
phosphorus intake in cows and using compound additives can effectively reduce
nitrogen and phosphorus emissions.

Keywords: lactating Holstein cows; milk production performance; blood bio-
chemical parameters; nitrogen and phosphorus emissions
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1 Introduction
With the rapid development of large-scale livestock farming, the environmental
hazards caused by livestock waste have attracted increasing attention, particu-
larly pollution resulting from nitrogen and phosphorus emissions [1]. In 2015,
for example, China’s dairy cattle inventory was approximately 15.072 million
head, generating about 1.2 billion tons of waste including manure, wastewater,
bedding, and feed residues. The negative environmental impact of dairy cow
feces and urine is growing increasingly severe, with nitrogen and phosphorus
emissions from these sources being of particular concern. As nitrogen and phos-
phorus are essential nutrients required for animal growth, development, and
production, appropriate amounts play crucial roles in maintaining dairy cow
production and reproductive performance [2]. However, if dietary protein is
blindly increased and phosphorus utilization efficiency is ignored in feed for-
mulations to improve milk yield, the proteins and phosphorus in feed cannot
be maximally utilized, thereby increasing nitrogen and phosphorus excretion in
animal manure.

Research indicates that the average utilization efficiency of nitrogen and phos-
phorus in Chinese dairy cows is only 10%-22%, significantly lower than the
average level of 19%-35% in the United States, Australia, New Zealand, and
other countries [3]. Milk urea nitrogen (MUN) accounts for only 25%-35% of ni-
trogen intake, with the remaining nitrogen excreted through urine and feces [4].
Phosphorus is primarily excreted via feces, with fecal phosphorus comprising
68.7% of total phosphorus emissions. Urinary phosphorus excretion is relatively
low, accounting for only 1% of total phosphorus emissions, while 30.3% of phos-
phorus is utilized by dairy cows [5]. These data demonstrate that phosphorus
emissions in feces are substantial. The discharge of excessive nitrogen and phos-
phorus into the environment not only wastes feed resources but also severely
pollutes the environment and water sources. Therefore, this experiment aimed
to reduce nitrogen and phosphorus emissions through two nutritional measures
—reducing dietary nitrogen and phosphorus levels and feeding compound addi-
tives—without affecting dairy cow production performance, thereby providing
technical references for the healthy and sustainable development of the dairy
industry.

1.1 Experimental Period and Location

The experiment was conducted from February to April 2017 at the Shuyang
Dairy Source Base of Weigang Dairy in Suqian City, Jiangsu Province.

1.2 Experimental Materials and Design

Based on the principle of similar age, parity, lactation stage, and milk yield, 36
healthy Chinese Holstein cows were randomly divided into 3 groups with 12 cows
per group using a paired experimental design. The experimental period lasted
37 days, including a 7-day pre-test period and a 30-day formal test period. The
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control (CR) group was fed the original farm diet. The low protein and phospho-
rus (LPP) group received a diet with 0.70% reduced nitrogen (crude protein)
and 0.03% reduced phosphorus compared to the original farm diet, achieved
by partially replacing dried distillers grains with solubles (DDGS) with beet
pulp. The compound additive (CA) group was fed the CR diet supplemented
with compound additives (composed of active yeast, enzyme preparation, and
organic zinc). The compound additive was administered by mixing 10 g of the
additive with 90 g of cornmeal daily and adding it to the diet.

1.3 Experimental Diets and Management

The composition and nutrient levels of the experimental diets are shown in Table
1 . The experimental cows were housed in tie-stall barns and fed three times
daily at 06:00, 13:00, and 20:00. Daily feed refusal was controlled below 5%.
Cows were milked three times daily using a pipeline milking system, had free
access to water, were exposed to conventional lighting, and were kept in clean
and dry pens.

1.4 Sample Collection and Analysis

1.4.1 Feed Sample Collection and Analysis During the formal test period,
feed and ort samples were collected in sealed bags using the method described
in “Feed Analysis and Feed Quality Detection Technology”edited by Zhang
Liying [6]. Feed samples were dried in an oven at 65°C for 48 hours to prepare
air-dried samples, and the contents of dry matter, crude protein, phosphorus,
calcium, acid detergent fiber, neutral detergent fiber, and crude ash in the exper-
imental diets were determined. Crude protein content was determined using the
Kjeldahl method, neutral detergent fiber and acid detergent fiber contents were
determined using the Van Soest detergent fiber method, calcium content was
determined using potassium permanganate titration, phosphorus content was
determined using the ammonium vanadomolybdate colorimetric method, and
crude ash content was determined using the crude ash method. The apparent
digestibility of nutrients was determined using the internal indicator method (4
mol/L hydrochloric acid insoluble ash) with the following calculation formula
[6]:

Apparent digestibility of dietary nutrients (%) = [1 − 𝑏
𝑎 × 𝑐

𝑑 ] × 100

where: 𝑎 is the content of a nutrient in the diet (%); 𝑏 is the content of a nutrient
in feces (%); 𝑐 is the content of hydrochloric acid insoluble ash in the diet (%);
and 𝑑 is the content of hydrochloric acid insoluble ash in feces (%).

The content of physically effective neutral detergent fiber (peNDF) was deter-
mined using the PSPS sieve with the following calculation formula [7]:

peNDF (%) = pef1.18 × dietary neutral detergent fiber content

where: pef1.18 is the physical effectiveness factor of the diet.
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1.4.2 Fecal Sample Collection and Analysis Fresh fecal samples were
collected from each cow on days 10, 20, and 30 of the formal test period. Ap-
proximately 100 g of fresh feces was collected from each cow before morning,
noon, and evening feeding using a sampling spoon. The fresh feces were then
mixed uniformly and divided into two portions. One portion was mixed with
10% sulfuric acid (20 mL per 100 g of feces) for determination of fecal nitrogen
emission. The other portion was dried in an oven at 65°C for 48 hours, cooled
to room temperature in air, ground to pass through a 40-mesh sieve, mixed uni-
formly, and stored frozen in a refrigerator for determination of other nutrient
components. Daily fecal excretion was estimated using the method described
by Li Guolin [8].

1.4.3 Urine Sample Collection and Analysis Urine samples were collected
simultaneously with fecal samples using collection containers. Impurities in
urine samples were removed by filtration through coarse gauze before placing
into clean, dry 50 mL tubes. Urine collected from each cow in the morning, noon,
and evening was mixed uniformly, and 30 mL was taken from each cow. A 1:1
ratio of 10% sulfuric acid was added to each tube for nitrogen fixation, then
sealed and stored at -20°C for later analysis. During analysis, samples were
first restored to room temperature before determination of urinary nitrogen
and phosphorus emissions. Urinary nitrogen emission was determined using the
Kjeldahl method, and urinary phosphorus emission was determined using the
ammonium molybdate spectrophotometric method [6]. Daily urine excretion
was estimated using the method described by Li Guolin [8].

1.4.4 Milk Sample Collection and Analysis Milk yield was measured and
noon milk samples were collected every 7 days during the formal test period.
Potassium dichromate preservative (0.6 mg/mL) was added to milk samples,
mixed uniformly, and refrigerated at 4°C for milk composition analysis. Milk
protein percentage, milk fat percentage, lactose percentage, total solids content,
MUN content, and somatic cell count were determined using an automatic milk
composition analyzer (CombiFoss FT+, FOSS, Denmark). The weighted aver-
age method was used to calculate milk composition content during the formal
test period. Four percent fat-corrected milk (FCM) yield was calculated.

Feed efficiency = 4% FCM yield / dry matter intake

Fat-to-protein ratio = milk fat percentage / milk protein percentage

1.4.5 Blood Sample Collection and Analysis On day 1 of the formal test
period and day 1 after its conclusion, 5 mL of blood was collected from the tail
vein. Blood samples were centrifuged at 3,000×g for 15 minutes to separate
serum, which was stored at -20°C. Blood biochemical parameters included total
protein (TP), albumin (ALB), globulin (GLB), glucose (GLU), urea nitrogen
(UN), insulin (INS), prolactin (PRL), total cholesterol (TC), triglycerides (TG),
phosphorus content, and alanine aminotransferase (ALT) activity. TP, ALB,
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GLB, GLU, UN, TC, TG contents, and ALT activity were determined using an
automatic biochemical analyzer (Hitachi 7600, Japan). INS and PRL contents
were determined using radioimmunoassay with kits purchased from Nanjing
Jiancheng Bioengineering Institute.

1.5 Statistical Analysis

All experimental data were analyzed using SPSS 20.0 software for one-way
ANOVA and regression analysis. Multiple comparisons were performed using
Duncan’s method. Results are expressed as “mean ± standard error,”with
P<0.05 as the criterion for statistical significance.

2 Results
2.1 Effects of Different Dietary Compositions on Production Perfor-
mance of Lactating Holstein Cows

As shown in Table 2 , the three different dietary compositions had no signif-
icant effects on milk yield, dry matter intake, or milk composition (P>0.05).
Numerically, compared with the CR group, the LPP and CA groups showed
some increase in milk yield and 4% fat-corrected milk yield. Additionally, milk
somatic cell count decreased in both the LPP and CA groups.

2.2 Effects of Different Dietary Compositions on Apparent Digestibil-
ity of Nutrients in Lactating Holstein Cows

As shown in Table 3 , different dietary compositions had no significant effects
on apparent digestibility of crude protein or neutral detergent fiber (P>0.05).
Additionally, there were no significant differences in apparent digestibility of
acid detergent fiber and phosphorus between the CA and CR groups (P>0.05).
Compared with the CR group, the LPP group showed increased apparent di-
gestibility of acid detergent fiber by 73.12% (P<0.05) and phosphorus by 42.94%
(P<0.05).

2.3 Effects of Different Dietary Compositions on Nitrogen Emission
in Lactating Holstein Cows

As shown in Table 4 , nitrogen intake in the LPP group was reduced by 12.88%
compared with the CR group (P<0.05), while there was no significant differ-
ence between the CA and CR groups (P>0.05). Different dietary compositions
had no significant effects on fecal nitrogen emission (P>0.05). Urinary nitrogen
emissions in the LPP and CA groups were reduced by 13.24% and 23.60%, re-
spectively, compared with the CR group (P<0.05). There were no significant
differences in nitrogen utilization among the three groups (P>0.05). Total ni-
trogen emissions in the LPP and CA groups were reduced by 9.11% and 16.35%,
respectively, compared with the CR group (P<0.05).
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2.4 Effects of Different Dietary Compositions on Phosphorus Emission
in Lactating Holstein Cows

As shown in Table 5 , phosphorus intake in the LPP group was reduced by
15.40% compared with the CR group (P<0.05), while there was no significant
difference between the CA and CR groups (P>0.05). Fecal phosphorus emissions
in the LPP and CA groups were reduced by 26.40% and 16.19%, respectively,
compared with the CR group (P<0.05). There were no significant changes in
urinary phosphorus emissions in the other two groups compared with the CR
group (P>0.05). There were no significant differences in phosphorus utilization
among groups (P>0.05). Total phosphorus emissions in the LPP and CA groups
were reduced by 26.34% and 16.10%, respectively, compared with the CR group
(P<0.05).

2.5 Effects of Different Dietary Compositions on Blood Biochemical
Parameters of Lactating Holstein Cows

As shown in Table 6 , there were no significant differences in any blood bio-
chemical parameters between the LPP and CR groups (P>0.05). Blood ALT
activity and phosphorus content in the CA group were significantly higher than
those in the CR group (P<0.05), while other parameters showed no significant
differences (P>0.05).

3 Discussion
3.1 Effects of Different Dietary Compositions on Production Perfor-
mance of Lactating Holstein Cows

Livestock excreta represent a major source of environmental nitrogen and phos-
phorus pollution. This experiment utilized two nutritional measures—reducing
dietary nitrogen and phosphorus levels and adding compound additives—to ex-
plore the potential for reducing nitrogen and phosphorus emissions in dairy
farming. Diet formulation is a critical factor affecting dairy cow production effi-
ciency, particularly as dietary nitrogen level and utilization efficiency directly re-
flect animal production performance. However, in practical production, dietary
nitrogen and phosphorus supplies often exceed animal requirements, leading to
resource waste and environmental pollution, which ultimately proves counter-
productive.

Zhai Shaowei [9] reported that for cows with milk yields of 20.5-25.0 kg/d,
milk yield changed minimally when dietary crude protein levels exceeded 14%.
Colmenero [10] found that when feeding diets with crude protein levels of 13.5%,
15.0%, 16.5%, 17.9%, and 19.4% to cows producing 38 kg/d of milk, milk yield
no longer increased when crude protein levels exceeded 16.5%. Studies have
reported that excessively high dietary nitrogen levels do not increase milk yield
and recommended using lower nitrogen levels in diets to meet production needs
while reducing nitrogen and phosphorus emissions [11].
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Poppy et al. [12] demonstrated that feeding yeast culture increased average daily
milk yield by 1.18 kg (range 0.55-1.81 kg). Wang Ling et al. [13] reported that
adding 0.8%, 1.0%, and 1.2% compound yeast culture to diets improved dairy
cow milk production performance by 8.48%, 10.05%, and 8.97%, respectively.
Yeast culture can increase milk yield, improve milk quality, and benefit milk
production persistence and feed efficiency. Feeding organic zinc to dairy cows
can improve feed conversion efficiency by more than 4% and increase milk yield
by 5%-10% [14]. In this experiment, reducing dietary crude protein level from
16.20% to 15.48% in the LPP group actually increased milk yield by 7.04% and
feed conversion efficiency by 11.11%. This may be attributed to two factors:
first, the replacement of some DDGS with beet pulp, as beet pulp has higher
peNDF content than DDGS, and appropriate dietary peNDF content can pro-
vide substantial energy for ruminants and maintain high milk yield; second, the
dietary crude protein level in the CR group may have already exceeded require-
ments. In this experiment, supplementing the diet with compound additives
also increased milk yield by 10.30% and feed conversion efficiency by 13.89%,
likely due to the yeast and organic zinc contained in the compound additives.
The bioactive peptides and amino acids in yeast contributed to increased milk
yield, while organic zinc participates in numerous enzymatic reactions in the
body.

Milk somatic cell count reflects udder health and can predict mastitis incidence.
In this experiment, milk somatic cell count decreased in both the LPP and CA
groups, indicating that increasing beet pulp and adding compound additives
can improve udder health. In the LPP group, beet pulp replaced some DDGS,
and due to its high peNDF content, it stimulated chewing and rumination,
promoting increased saliva secretion and indirectly improving rumen buffering
capacity to maintain pH, thereby preventing rumen acidosis and maintaining
rumen health, which also affected udder health. The yeast in the CA group has
immune-enhancing effects, including anti-inflammatory capacity and enhanced
natural killer cell activity [15]. Organic zinc supplementation promotes prolifer-
ation of teat canal epithelial cells, and a greater number of epithelial cell layers
provides an effective barrier against pathogen invasion [16]. Therefore, increas-
ing beet pulp content and feeding compound additives in this experiment helped
reduce milk somatic cell count and consequently decrease mastitis incidence.

3.2 Effects of Different Dietary Compositions on Nitrogen Apparent
Digestibility and Emissions in Lactating Holstein Cows

Fecal nitrogen primarily consists of endogenous protein, undigested microbial
protein from the small intestine, undigested dietary protein, and sloughed small
intestinal epithelial cells. Fecal nitrogen emissions typically show little variation
under different dietary nitrogen levels, mainly because increasing dietary nitro-
gen level leads to rapid increases in urinary nitrogen emissions, with almost all
nitrogen exceeding animal requirements excreted via urine, while fecal nitrogen
emissions remain relatively stable. Hynes et al. [17] found that when dietary
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crude protein levels were 14.1%, 16.1%, and 18.1%, urinary nitrogen emissions
were 193, 208, and 231 g/d, respectively, with significant differences among
the three groups, but no significant effects on fecal nitrogen emissions. With
similar dietary intake, crude protein level differences of 1.0% and 1.6% could
significantly affect urinary nitrogen emissions but not fecal nitrogen emissions
[18-19].

The changes observed in the LPP group in this experiment were consistent with
reports by Hynes et al. [17] and Eriksson et al. [18], where small differences in
dietary nitrogen level significantly affected urinary nitrogen emissions but not fe-
cal nitrogen emissions. In this experiment, fecal nitrogen emissions were almost
identical between the CR and LPP groups, while urinary nitrogen emissions
were 211.02 and 183.08 g/d, respectively, showing significant differences. These
differences suggest, first, that the dietary nitrogen level in the CR group may
have exceeded the nitrogen requirements of the cows, and second, that although
the LPP group had reduced dietary nitrogen level, the apparent digestibility of
crude protein was 4.74% higher than in the CR group, possibly because beet
pulp replacement of some DDGS increased peNDF content, which has a stim-
ulating effect on the intestinal mucosa of ruminants, promotes gastrointestinal
motility and fecal excretion, and thereby enhances digestion of various nutrients
such as crude protein, neutral detergent fiber, and acid detergent fiber observed
in this experiment.

Zhang Xingfu et al. [20] concluded that using nutritional regulators has long
been a research hotspot in nutrition and related disciplines for emission reduc-
tion. However, practice has proven that using a single nutritional regulator does
not achieve optimal results, and mixing several types can exert synergistic effects.
Wang Ling et al. [13] reported that adding 0.8%, 1.0%, and 1.2% compound yeast
culture to concentrate reduced total nitrogen emissions by 8.47%, 12.01%, and
9.36%, respectively, compared with the control group. Based on these findings,
this experiment attempted to use a mixture of several nutritional regulators to
explore whether optimal emission reduction effects could be achieved. Urinary
nitrogen emissions in the CA and CR groups were 161.21 and 211.02 g/d, respec-
tively, with significant differences between the two groups, while fecal nitrogen
emissions showed smaller differences and total nitrogen emissions differed sig-
nificantly. Nitrogen utilization efficiency increased by 8.70%, reducing nitrogen
discharge to the environment. This may be because the yeast in the compound
additive contains abundant nutritional active substances that can increase the
activity of beneficial microorganisms in the rumen, better maintain rumen fluid
pH and anaerobic environment, and improve dietary nitrogen utilization while
reducing nitrogen loss. Additionally, organic zinc supplementation can improve
protein feed utilization, which not only saves protein feed resources but also
has important significance for reducing environmental pollution and dairy cow
feeding costs.
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3.3 Effects of Different Dietary Compositions on Phosphorus Appar-
ent Digestibility and Emissions in Lactating Holstein Cows

Reducing dietary phosphorus levels and utilizing enzyme preparations are ef-
fective measures for improving phosphorus utilization efficiency while meeting
dairy cow nutritional requirements. Phosphorus intake is primarily affected by
dry matter intake, and fecal phosphorus emissions are proportional to dietary
phosphorus intake. Zhang Feng et al. [21] reported that when dietary phos-
phorus increased from 0.36% to 0.54%, fecal phosphorus emissions increased
from 98.45 to 152.78 g/d. Liu Jianxin et al. [1] reported that reducing dietary
phosphorus level from 0.57% to 0.37% decreased fecal phosphorus emissions by
35.65%-40.8% and urinary phosphorus emissions by 22.73%-41.03% during early,
mid, and late lactation. In this experiment, the dietary phosphorus level in the
LPP group was 0.39%, reduced by 0.03% compared with the CR group, but
fecal phosphorus emissions decreased by 26.40% and urinary phosphorus emis-
sions decreased by 7.69%. The reduction in phosphorus emissions was primarily
due to improved apparent phosphorus digestibility, possibly because the high
peNDF content in beet pulp has a stimulating effect on the intestinal mucosa
of ruminants, promoting gastrointestinal motility and fecal excretion, thereby
enhancing digestion of various nutrients.

In this experiment, total phosphorus emissions in the CA group were signifi-
cantly lower than in the CR group, possibly due to the enzyme preparation
contained in the compound additive, which improved phosphorus apparent di-
gestibility and utilization efficiency. The results of this experiment also demon-
strated that urinary phosphorus emissions were minimal.

3.4 Effects of Different Dietary Compositions on Blood Biochemical
Parameters of Lactating Holstein Cows

Blood biochemical parameter determination can indirectly reflect livestock
health status. Additionally, when using additives and other nutritional
regulation measures, blood biochemical parameters are used to reflect animal
nutritional status [22] and to discuss whether these measures affect animal
production performance and nutritional requirements.

Blood TC and TG are components of blood lipids, and their levels can reflect
lipid metabolism status and dietary energy levels. In this experiment, there
were no significant differences in these two parameters among the three groups,
indicating that reducing nitrogen and phosphorus and using compound addi-
tives did not affect energy metabolism levels in cows. Blood ALB and GLB
are major components of plasma proteins, and elevated TP content reflects en-
hanced protein metabolism. Blood TP and GLB in the CA group were higher
than in the CR group, suggesting that compound additive supplementation can
enhance protein metabolism and improve immune function.

ALT is an important enzyme in protein metabolism, and its activity reflects
protein synthesis and catabolism status [22]. Blood ALT activity in dairy cows
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ranges from 11.60 to 42.75 U/L [23]. In this experiment, there was no significant
difference between the LPP and CR groups, with values within the reported nor-
mal range. The CA group showed a significant difference from the CR group,
with a 17.58% increase, indicating that compound additives may promote con-
version of protein, fat, and carbohydrates. Mineral element content in dairy cow
blood is generally stable, with normal phosphorus (P) content ranging from 0.9
to 2.3 mmol/L [24]. All values in this experiment were within the normal range,
but the CA group was significantly higher than the CR group, possibly due
to the enzyme preparation in the compound additive enhancing phosphorus
metabolism in the diet.

Blood UN can indirectly reflect nitrogen utilization from the diet. In this ex-
periment, there was no significant difference in blood UN content between the
LPP and CR groups, indicating that reducing dietary nitrogen level by 0.70%
did not affect nitrogen metabolism. Blood UN content in the CA group was
higher than in the CR group, increasing by 15.54%. Elevated UN content may
indicate enhanced protein catabolism or increased hepatic urea recycling due
to compound additive use, possibly attributable to dietary nitrogen levels ex-
ceeding requirements and compound additives enhancing nitrogen degradation
capacity, thereby increasing serum UN content.

4 Conclusions
1. Reducing dietary nitrogen and phosphorus levels by 0.70% and 0.03%, re-

spectively, while increasing beet pulp content, increased dietary peNDF
content and ultimately reduced total nitrogen and total phosphorus emis-
sions by 9.11% and 26.34%, respectively.

2. Using compound additives improved feed utilization efficiency and reduced
total nitrogen and total phosphorus emissions by 16.35% and 16.10%, re-
spectively.

3. Reducing dietary nitrogen and phosphorus levels and using compound
additives can both ensure normal growth and production of lactating dairy
cows while reducing nitrogen and phosphorus emissions and decreasing
livestock pollution of the environment. These are effective measures for
reducing nitrogen and phosphorus emissions during dairy farming and
mitigating environmental pollution.
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