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Abstract

This experiment aimed to investigate the effects of dietary crude protein levels
during the prepartum period on production performance and blood biochemical
parameters in postpartum dairy cows. Twenty-one multiparous Holstein dairy
cows with similar expected calving dates, parity, body weight, previous lactation
duration, and milk yield were randomly divided into 3 groups with 7 cows per
group. During the prepartum period (within 21 d before calving), three different
diets with crude protein levels of 12.12% (Group A), 13.07% (Group B), and
14.02% (Group C) were fed, all with a net energy for lactation of 5.50 MJ/kg,
to study their effects on production performance and blood parameters of dairy
cows during 1-30 d postpartum. The results showed that: 1) During 1-30 d
postpartum, dry matter intake in Group B was 5.41% and 5.85% higher than
that in Groups A and C, respectively (P<0.05). At 30 d postpartum, body
weight loss in Groups A, B, and C was 6.30%, 5.03%, and 8.22%, respectively,
with the highest loss in Group C. Compared with the other two groups, Group
B showed a trend toward increased postpartum milk yield, but the difference
among groups was not significant (P>0.05). During 2-10 d postpartum, lactose
percentage in Group B was 4.31% higher than that in Group C (P<0.05). The
apparent digestibility of crude protein in Group B during the prepartum period
was 12.56% higher than that in Group A (P<0.05). 2) At 10, 20, and 30 d
postpartum, serum glucose (GLU) content in Group B was 31.41%, 29.47%,
and 21.38% higher than that in Group C, respectively (P<0.05). On the day
of calving, serum total protein (TP) content in Group B was 12.98% higher
than that in Group C (P<0.05). At 30 d postpartum, serum albumin (ALB)
and leptin (LP) contents in Group B were 14.69% and 5.97% higher than those
in Group C, respectively (P<0.01). At 20 d postpartum, serum triglyceride
(TG) content in Group B was 3.57% lower than that in both Groups A and C
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(P<0.05), and serum insulin (Ins) content was 7.26% and 12.47% lower than
that in Groups A and C, respectively (P<0.01). At 30 d postpartum, serum
insulin-like growth factor I (IGF-I) content in Group B was 4.94% lower than
that in Group C (P<0.01). In conclusion, a dietary crude protein level of 13.07%
is the appropriate dietary crude protein level for the prepartum period.

Full Text

Impact of Prepartal Dietary Crude Protein Level on Post-
partal Production Performance and Blood Biochemical In-
dexes of Multiparous Holstein Dairy Cows

*¥LIU Weil, LI Yan?*, GAO Yanxia!,?, LI Qiufeng!,?, CAO Yufeng',3, LI Jian-
guol 3%

(1. College of Animal Science and Technology, Hebei Agricultural University,
Baoding 071001, China;

2. College of Veterinary Medicine, Hebei Agricultural University, Baoding
071001, China;

3. Embryo Engineering and Technological Center of Cattle and Sheep of Hebei,

Baoding 071001, China)

Abstract

This study investigated the effects of prepartal dietary crude protein level on
postpartal production performance and blood biochemical indexes in dairy cows.
Twenty-one multiparous Holstein cows with similar expected calving dates, par-
ity, body weight, previous lactation duration, and milk yield were randomly
assigned to three groups (n=7). During the prepartal period (21 days before
calving), cows were fed three diets with crude protein levels of 12.12% (Group A),
13.07% (Group B), and 14.02% (Group C), each with a net energy for lactation
of 5.50 MJ/kg. Postpartal performance and blood parameters were measured
during days 1-30 of lactation. The results showed: (1) Dry matter intake (DMI)
during days 1-30 postpartum was 5.41% and 5.85% higher in Group B compared
to Groups A and C, respectively (P<0.05). By day 30 postpartum, body weight
losses were 6.30%, 5.03%, and 8.22% for Groups A, B, and C, respectively, with
Group C experiencing the greatest loss. Group B exhibited a trend toward
higher milk yield compared to the other groups, though differences were not
statistically significant (P>0.05). During days 2-10 postpartum, lactose per-
centage was 4.31% higher in Group B than in Group C (P<0.05). The apparent
digestibility of crude protein during the prepartal period was 12.56% higher in
Group B than in Group A (P<0.05). (2) Serum glucose (GLU) concentrations
on postpartal days 10, 20, and 30 were 31.41%, 29.47%, and 21.38% higher in
Group B than in Group C (P<0.05). On the day of calving, serum total protein
(TP) content in Group B was 12.98% higher than in Group C (P<0.05). On
day 30 postpartum, serum albumin (ALB) and leptin (LP) concentrations in
Group B were 14.69% and 5.97% higher than in Group C (P<0.01). On day 20
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postpartum, serum triglyceride (TG) concentration in Group B was 3.57% lower
than in Groups A and C (P<0.05), while serum insulin (Ins) concentration was
7.26% and 12.47% lower than in Groups A and C, respectively (P<0.01). On
day 30 postpartum, serum insulin-like growth factor I (IGF-I) concentration in
Group B was 4.94% lower than in Group C (P<0.01). These findings indicate
that a dietary crude protein level of 13.07% is optimal for multiparous cows
during the prepartal period.

Keywords: perinatal period; Holstein cows; crude protein level; blood indexes;
production performance

The perinatal period in dairy cows extends from 2-3 weeks prepartum to 2-3
weeks postpartum and is characterized by dramatic endocrine changes. Increas-
ing estrogen levels and fetal compression of the digestive tract directly reduce
feed intake during this critical period, resulting in insufficient energy intake.
However, nutrient requirements for the fetus and placenta peak during the final
week of gestation, creating a supply-demand imbalance that leads to negative
energy balance [1]. Postpartum dry matter intake (DMI) is a primary factor
affecting milk production and body weight changes, and increasing DMI dur-
ing early lactation can shorten the duration of negative energy balance. The
NRC (1989, 2001) recommended a dietary crude protein level of 12% for multi-
parous cows during the peripartal period, noting that increasing protein by 2-
4% beyond 12-13% could reduce postpartum DMI and milk yield [2], whereas
primiparous cows required 14.2% crude protein to meet their needs. Green-
field et al. [3] suggested that maintaining prepartal dietary crude protein at
12% positively affected postpartum DMI and milk yield. Conversely, Santos
et al. [4] demonstrated that increasing prepartal crude protein from 12.7% to
14.7% through animal-source protein supplementation improved lactation per-
formance. Domestic research [5] found no effect on postpartum DMI or milk
yield when multiparous cows were fed diets containing 12.1%, 14.0%, or 9.6%
crude protein. These conflicting results indicate that the optimal dietary crude
protein level for peripartal dairy cows remains controversial and warrants fur-
ther investigation. This study examined the effects of prepartal dietary crude
protein level on postpartal production performance and blood indexes to deter-
mine the optimal protein concentration.

1.1 Experimental Animals

The experiment was conducted at Hongda Dairy Farm in Baoding, Hebei
Province. Twenty-one multiparous Holstein cows were selected and randomly
divided into three groups (n=7 each). Groups were balanced for expected
calving date, parity, body weight, previous lactation duration (~305 days), and
milk yield (P>0.05). All cows were healthy and disease-free.
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1.2 Experimental Design

Based on NRC (2001) nutrient requirements, three experimental diets were for-
mulated with identical net energy for lactation (5.50 MJ/kg) but different crude
protein levels: 12.12% (Group A), 13.07% (Group B), and 14.02% (Group C).
Diet composition and nutrient levels are presented in . Postpartum, all groups
received the same total mixed ration.

1.3 Feeding Management

All groups were maintained under identical management conditions. Diets were
fed at 06:30, 12:00, and 17:00 daily by group. Residual feed was weighed the
following morning to determine DMI.

1.4 Sample Collection

1.4.1 Blood Sampling Blood samples (15 mL) were collected from the jugu-
lar vein before morning feeding on days 21, 14, and 7 prepartum, on the day
of calving, and on postpartal days 5, 10, 20, and 30. Samples were placed in
coagulation-promoting tubes, immediately centrifuged at 1,795xg for 15 min-
utes, and the separated serum was aliquoted into 0.5 mL tubes and stored at
-20°C.

1.4.2 Fecal Sampling During the final three days of the experiment, fecal
samples were collected from three cows per group. Samples were obtained rec-
tally at 08:00 and 18:00 daily, carefully avoiding urine contamination. Collected
feces were divided into two portions: one portion received 20 mL of 10% sulfuric
acid (H,SO,) per 100 g fresh weight to fix ammonia nitrogen, while the other
was stored fresh.

1.4.3 Milk Sampling Daily milk yield was recorded to calculate 10-day av-
erage production. Milk samples (10 mL) were collected on postpartal days 1,
10, 20, and 30, with morning and evening samples combined in a 1:1 ratio to
create daily composite samples.

1.5 Measurements

1.5.1 Dry Matter Intake and Body Weight Individual cow DMI was
determined from daily feed offered and refused. Body weight was measured at
the start of the experiment, on the day of calving, and on postpartal days 15
and 30 after milking.

1.5.2 Milk Composition Milk fat, protein, lactose, and solids-not-fat per-
centages were analyzed at room temperature on the day of collection using a
full-component milk analyzer (MILKYWAY-CP4).
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1.5.3 Blood Indexes Serum glucose (GLU), urea nitrogen (UN), triglyc-
erides (TG), albumin (ALB), and total protein (TP) were measured using kits
from Sino-Biochemical Laboratory and a Vitalab Selectra E semi-automatic bio-
chemical analyzer (Netherlands). Serum insulin (Ins), insulin-like growth factor
I (IGF-I), and leptin (LP) concentrations were determined using ELISA kits
from R&D Systems (USA) and a PowerWave XS microplate reader.

1.5.4 Apparent Digestibility Apparent digestibility of crude protein, ether
extract, neutral detergent fiber (NDF), acid detergent fiber (ADF), calcium, and
phosphorus was determined using the internal indicator method (acid-insoluble
ash). Crude protein content was measured using a FOSS 8200 semi-automatic
Kjeldahl apparatus. Methods for ether extract, NDF, ADF, calcium, and phos-
phorus analyses followed procedures described in Feed Analysis and Feed Quality
Detection Technology (2nd edition) edited by Zhang Liying.

1.6 Statistical Analysis

Data were initially processed using Excel and analyzed using SPSS 13.0 software.
One-way ANOVA was performed, and Duncan’ s multiple range test was used
for pairwise comparisons when significant differences were detected. Results are
expressed as mean 4+ standard deviation.

2.1 Dry Matter Intake

As shown in , Group B exhibited higher DMI than Groups A and C across all
periods. During days 1-10 postpartum, Group B DMI was 8.90% higher than
Group C (P<0.05). During days 21-30, Group B DMI was 5.12% and 6.49%
higher than Groups A and C, respectively (P<0.01). Overall DMI during days
1-30 was 5.41% and 5.85% higher in Group B compared to Groups A and C
(P<0.05).

2.2 Body Weight

shows that compared to the day of calving, body weight losses on day 15 postpar-
tum were 5.36%, 5.61%, and 6.27% for Groups A, B, and C, respectively, with
Group C showing the greatest loss. By day 30 postpartum, weight losses were
6.30%, 5.03%, and 8.22% for Groups A, B, and C, respectively, again highest
in Group C.

2.3 Calf Birth Weight

As shown in , no significant differences were observed in calf birth weight among
treatment groups (P>0.05).
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2.4 Milk Yield

indicates that dietary crude protein level tended to increase milk production.
Group B produced 2.27 kg/d more milk than Group C (P>0.05) and 1.54 kg/d
more than Group A (P>0.05) during days 1-30 postpartum.

2.5 Milk Composition

reveals that during days 2-10 postpartum, lactose percentage in Group B was
4.31% higher than in Group C (P<0.05). During days 11-20, milk protein
percentage in Group C was 4.23% higher than in Group A (P<0.05), while solids-
not-fat percentage in Group A was 4.32% higher than in Group C (P<0.05).
During days 21-30, milk fat percentage in Groups A and C was 3.33% and
3.94% higher than in Group B (P<0.01). Milk protein percentage in Group C
was 4.32% higher than in Group A (P<0.05), and solids-not-fat percentages in
Groups A and B were 4.04% and 3.79% higher than in Group C (P<0.05).

2.6 Nutrient Apparent Digestibility

shows that during the prepartal period, apparent digestibility of crude protein
in Group B was 12.56% and 4.41% higher than in Groups A and C, respectively
(P<0.05). No significant differences were observed for other nutrients (P>0.05).

2.7 Blood Biochemical Indexes

Serum GLU concentrations declined from 21 days prepartum to 7 days prepar-
tum, then increased on the day of calving. Postpartum GLU levels continued
to rise on days 10, 20, and 30, with Group B significantly higher than Group C
(P<0.05). Serum TP concentrations decreased prepartum in all groups; on the
day of calving, Group B TP was significantly higher than Group C (P<0.05).
Postpartum TP levels recovered but remained similar among groups (P>0.05).
Prepartum serum ALB concentrations did not differ among groups (P>0.05),
but on the day of calving, Group C was significantly lower than Groups A and
B (P<0.05). On postpartal days 20 and 30, Group B ALB was significantly
higher than Group C (P<0.01). Serum TG concentrations in Group B were sig-
nificantly lower than in Groups A and C on the day of calving and on postpartal
days 5, 10, and 20 (P<0.05).

Prepartum serum IGF-I concentrations were similar among groups (P>0.05)
but declined as parturition approached, reaching the lowest values on the day
of calving (Group A lowest, Group C intermediate, Group B highest; P<0.01).
On postpartal days 5, 10, and 20, Group B IGF-I remained significantly higher
than Groups A and C (P<0.01). Serum Ins concentrations also declined prepar-
tum, reaching nadir on the day of calving, then gradually increased postpartum.
On postpartal days 5 and 10, Group B Ins was significantly or extremely sig-
nificantly lower than Groups A and C (P<0.05 or P<0.01). On day 20, Group
B Ins was extremely significantly lower than Group C (P<0.01), while Group
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A was significantly lower than Group C (P<0.05). On day 30, Ins concentra-
tions decreased again, with Group B significantly lower than Groups A and
C (P<0.05). Prepartum serum LP concentrations declined, with Group B ex-
tremely significantly higher than Group C at 14 days prepartum (P<0.01) and
extremely significantly higher than both Groups A and C at 7 days prepartum,
on the day of calving, and on postpartal days 5 and 10 (P<0.01). No significant
differences were observed in serum UN concentrations among groups (P>0.05).

3.1 Effects of Prepartal Dietary Crude Protein Level on DMI and
Body Weight

Postpartum DMI is a major determinant of milk production and body weight
changes in dairy cows, and increasing DMI can shorten the duration of neg-
ative energy balance. Research indicates that low dietary protein levels im-
pair DMI, leading to protein deficiency that insufficiently supports digestive en-
zyme synthesis, inhibits rumen bacterial fermentation, and causes body protein
catabolism, ultimately reducing milk yield and protein content [6]. Conversely,
excessively high protein levels provide minimal production benefits while increas-
ing nitrogen excretion and reducing nitrogen utilization efficiency [7]. Greenfield
et al. [3] demonstrated that feeding peripartal cows diets containing 12% ver-
sus 16% crude protein favored postpartum recovery and higher DMI, possibly
because excessive protein prolonged the postpartum dietary adaptation period
and increased metabolic demands. Our results align with these findings: among
diets containing 12.12%, 13.07%, and 14.02% crude protein, DMI was highest
in cows fed 13.07% crude protein (Group B).

DMI is closely associated with body weight changes. Prepartum weight gain
reflects positive energy balance, where nutrient intake supports both fetal de-
velopment and maternal tissue accretion. Postpartum weight loss occurs due to
parturition and negative energy balance. In this study, Group C experienced
greater weight loss than Groups A and B, likely because high dietary protein
reduced DMI. The combination of reduced DMI, high milk production, and
altered endocrine status during the peripartal period promoted adipose tissue
mobilization [8]. Although differences between Groups A and B were not statis-
tically significant, Group B showed a trend toward reduced weight loss. Since
increasing DMI during early lactation shortens negative energy balance [9], this
explains why Group B, with higher DMI, experienced less weight loss.

3.2 Effects of Prepartal Dietary Crude Protein Level on Calf Birth
Weight

Although differences in calf birth weight among groups did not reach statistical
significance, Group B calves tended to be heavier than those in Groups A and
C. This trend may be attributed to differences in DMI and subsequent negative
energy balance duration among groups, which altered circulating GLU, non-
esterified fatty acids, and S-hydroxybutyrate concentrations. These metabolic
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changes likely triggered adaptive mechanisms that regulated nutrient partition-
ing and redistribution, ultimately affecting fetal growth [10].

3.3 Effects of Prepartal Dietary Crude Protein Level on Milk Yield

Dietary protein level critically affects lactation performance. Inadequate pro-
tein limits milk production, while excessive protein wastes feed resources and
increases environmental nitrogen pollution. Optimal dietary protein levels max-
imize milk production, improve feed efficiency, and minimize environmental
impact. Previous studies have reported varying effects of dietary protein on ru-
minant milk yield. Chew et al. [11] found that feeding 11% versus 9% crude pro-
tein during the entire dry period increased milk yield. Santos et al. [4] reported
that increasing prepartal crude protein from 12.7% to 14.7% did not improve
multiparous cow performance. These findings suggest that while dietary protein
can enhance milk production, an optimal level exists beyond which no further
benefits occur and protein resources are wasted [12]. Our results support this
conclusion. Although milk yield differences among groups were not statistically
significant, Group B consistently outperformed the others. This demonstrates
that dietary crude protein level can be reduced from high to moderate levels
without compromising production performance, thereby lowering feed costs and
nitrogen emissions while protecting the environment.

3.4 Effects of Prepartal Dietary Crude Protein Level on Milk Com-
position

During days 21-30 postpartum, Group B milk fat percentage was extremely sig-
nificantly lower than in Groups A and C, likely because moderate dietary protein
increased milk yield. With consistent dietary concentrate-to-forage ratios, milk
fat percentage typically correlates negatively with milk yield [13]. Milk protein
percentage increased with dietary crude protein level, consistent with Lu [14],
who reported that each 1% increase in dietary crude protein increased milk pro-
tein by 0.02%. During days 2-10 postpartum, Group B lactose percentage was
4.31% higher than Group C, possibly because higher serum GLU concentrations
in Group B cows met the substantial glucose demand for lactose synthesis in
high-producing cows [15]. Solids-not-fat percentage has gained recent attention
[16]. In this study, Group A solids-not-fat percentage was significantly higher
than Group C during days 11-20 and 21-30, contradicting reports by Zhao et
al. [17] and Yin et al. [5], who found no effect of dietary crude protein level on
this parameter. These discrepancies may be due to differences in breed, parity,
or environmental conditions. Further research is needed to clarify the effects of
prepartal dietary crude protein on postpartal milk composition.

3.5 Effects of Prepartal Dietary Crude Protein Level on Nutrient
Apparent Digestibility

Yin et al. [5] reported that increasing dietary crude protein tended to reduce
apparent digestibility of crude protein and neutral detergent fiber, though differ-
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ences were not significant. Our results demonstrate that prepartal dietary crude
protein level affected nutrient digestibility, with Group B showing improved di-
gestion compared to Groups A and C. This may be because optimal protein
levels shortened negative energy balance duration, maintained cow health, and
improved digestibility. Alternatively, our use of spot fecal sampling rather than
total collection may have contributed to differences from other studies. The
underlying mechanisms require further investigation.

3.6 Effects of Prepartal Dietary Crude Protein Level on Blood Bio-
chemical Indexes

Serum TG concentration directly reflects lipid digestion and transport status.
Under normal conditions, blood lipid levels are low; impaired lipid transport
significantly elevates circulating lipids [18]. Postpartum TG concentrations in
Groups A and C were significantly higher than in Group B because low and
high dietary protein levels reduced DMI and prolonged negative energy balance.
Increased energy demands for lactation mobilized adipose tissue or reduced fatty
acid uptake by mammary tissue, leading to incomplete TG oxidation, ketone
body accumulation, and risk of ketosis or hepatic lipidosis.

Postpartum GLU demand increases dramatically, challenging the liver to syn-
thesize glucose from precursors like propionate and amino acids. On day 30
postpartum, Group B serum GLU was significantly higher than Group C, in-
dicating that moderate prepartal protein feeding facilitated postpartal GLU
recovery through physiological regulation. Serum TP and ALB concentrations
reflect liver function and energy metabolism [19]. Group B serum TP was higher
than Group C postpartum, and ALB followed similar trends. This may be be-
cause adequate prepartal nutrition in Group C increased protein utilization by
fetal and maternal tissues, slowing postpartum recovery. Additionally, reduced
DMI and prolonged negative energy balance in Group C may have impaired
hepatic protein synthesis and secretion.

Serum UN concentration is an important indicator of protein metabolism, re-
flecting protein deposition efficiency. Lower UN under stable dietary protein
conditions indicates higher protein deposition efficiency elsewhere, whereas ele-
vated UN increases urinary nitrogen loss and reduces nitrogen utilization [20].
For ruminants, optimal dietary protein promotes ammonia incorporation into
microbial protein, reducing serum UN. Elevated UN may reflect enhanced pro-
tein catabolism or increased hepatic urea recycling [21]. In this study, Group
B had lower postpartum serum UN than Groups A and C, demonstrating that
moderate protein level improved nitrogen utilization and deposition.

IGF-I plays crucial roles in mammary cell development, apoptosis resistance,
and functional maintenance [22]. Due to structural similarity to insulin, IGF-I
exerts insulin-like effects, reducing serum GLU, promoting lipolysis and protein
synthesis, and stimulating mammary epithelial cell proliferation [23]. Prepar-
tum serum IGF-I was extremely significantly higher in Group B than in Groups
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A and C, suggesting that moderate protein feeding stimulated protein synthesis
to support subsequent lactation. Postpartum IGF-I was extremely significantly
lower in Group B, indicating that dietary protein met lactation demands with-
out requiring hormonal mobilization. Insulin is the primary hormone regulat-
ing GLU homeostasis, reducing serum GLU by promoting glycogen synthesis,
hepatic conversion to fatty acids, or GLU oxidation for energy. Thus, insulin
regulates energy metabolism disorders. Postpartum serum Ins was significantly
or extremely significantly higher in Groups A and C than in Group B because
reduced DMI in these groups necessitated adipose tissue mobilization (increased
lipase activity) to compensate for energy deficits, elevating GLU and triggering
increased insulin secretion to maintain stability. Zuo [24] reported that insulin
inhibits lactation, consistent with our results and explaining why Group B had
higher milk yield than Groups A and C.

Leptin, secreted by adipocytes, regulates feeding behavior, reduces energy ex-
penditure, and decreases feed intake [25]. At normal concentrations, leptin
inhibits feeding via hypothalamic pathways. Elevated leptin reduces DMI and
enhances lipid metabolism, promoting fat utilization. Serum leptin during early
lactation correlates with negative energy balance severity and duration; energy
deficit-induced weight loss reduces serum leptin, stimulating appetite and in-
creasing DMI [26]. This study found that feeding lower protein diets prepartum
resulted in higher postpartum serum leptin, higher DMI, and less weight loss,
whereas Groups A and C experienced greater weight loss, lower DMI, and re-
duced leptin. These findings align with Niu et al. [27] and Pei et al. [28]. The
relationship between leptin and dietary nutrients requires further investigation.

Compared to 12.12% and 14.02% crude protein levels, feeding a diet containing
13.07% crude protein during the prepartal period increased postpartum DMI
and milk yield, reduced body weight loss, accelerated postpartum serum GLU
recovery, maintained lower TG concentrations to reduce hepatic stress, and
increased serum leptin to alleviate negative energy balance.
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