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by 0.1 percentage points. Previous work has also revealed that
lessening dietary P from 0.42% to 0.26% did not a ect 8 to 10
month-old heifers’ growth performance [6]. Similar results have
been identi ed for CP. Former studies have reported no improve-
ment in milk yield or milk protein production when dietary CP
was increased from 16.5%-16.7% to 18.5%-19.4% for Holstein
dairy cows producing 34 to 38 kg of milk per day. Moreover,
urinary N excretion decreased by 13.1% to 14.8% as dietary CP
dropped by one percentage point [7,8].  ere was less attention
focused on e ects of dietary CP on heifers growth performance,
therefore, the objective of current study is to assess feeding di er-
ent levels of dietary CP on average daily gain (ADG), body size,
rumen fermentation, and N excretion of 9 to 11 month-old
heifers.

MATERIAL AND METHODS

Aiga ,sl dexyefi !*a di:,s

ése of animals was approved by the Animal Care Committee
of Zhejiang University, Hangzhou, China.  irty-six Holstein
heifers were divided into 12 blocks according to age (273+6.2 d)
and were randomly assigned to a low (10.2%), medium (11.9%),
and high (13.5%) level of dietary CP (Table 1). All diets contained
approximately 70% roughage and 30% concentrate and had
similar amount of metabolizable energy (ME) content. Di erent
dietary CP levels were obtained by adjusting the proportion of
ground corn, barley, rapeseed meal, distillers dried grains with
solubles, and soybean meal. e low CP (low) group was de-
signed to replicate the Chinese dairy cow feeding standard
recommendations (NY/T 34-2004, body weight [BW] from 250
to 350 kg, ADG from 800 to 1,000 g) [9]. e amount of CP in
medium CP (medium) group was designed to meet the CP
requirement recommended by the NRC (BW from 250 to 350
kg, ADG from 800 to 1,000 g) [4]. e high CP (high) group best
represented the level of CP commonly fed by livestock producers
in the east region of China [3]. All heifers were housed in a tie-stall
barn with free access to water. Heifers were fed 3 times daily
at 0630, 1400, and 2030 h and adapted to the treatment diet
for 10 d prior to beginning measurement. Measurements were
collected for 8 weeks from October until December 2014.
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Feed sartiples were collected weekly. Samples were dried for
determination of the treatment DM with adjustment of treat-
ment rations to achieve daily dry matter intake (DMI) of 2.50%
of BW. e remaining samples were dried in a forced oven at
55°C for 48 h, milled using Wiley mill with1-mm screen, and
analyzed for CP, calcium (Ca), P, ash [10], neutral detergent
ber, acid detergent ber [11]. Body height, body length, heart
girth, and teat length were measured at the beginning of the
treatment period and every 4 week until the end of the treatment
period. Blood samples (5 mL) were collected from the coccygeal
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Table 1. Composition of diets with low, medium, and high protein

Dietary treatment”

Low Medium High
Ingredient, % of DM
Chinese wild rye 40.7 40.7 40.8
Corn silage 271 272 272
Corn 16.0 12.8 10.6
Barley 3.2 2.6 0.0
Rapeseed meal 33 33 33
Soybean meal 3.2 6.4 9.6
DDGS (corn) 4.1 4.7 6.3
Mineral-vitamin premix” 2.3 23 24
Chemical composition (DM basis)

CP (%) 10.2 11.9 13.5
RUP? (% of CP) 323 323 327
MP" (%) 8.64 9.10 9.58
NDF (%) 59.4 58.6 61.8
ADF (%) 29.0 29.1 284
Ca (%) 0.79 0.80 0.81
P (%) 0.22 0.22 0.24
Ash (%) 6.45 6.59 6.95
ME® (Mcal/kg) 2.47 2.47 2.48

DM, dry matter; DDGS, distillers dried grains with solubles; CP, crude protein; RUP,
rumen undegraded protein; MP, metabolizable protein; NDF, neutral detergent fiber;
ADF, acid detergent fiber; ME, metabolizable energy.

" Low, low level of dietary CP; Medium, medium level of dietary CP; High, high level of
dietary CP.

? Mineral-vitamin premix per kg containing: Ca 166 g; Fe 1,800 mg; Cu 630 mg; Mn
630 mg; Zn 2,940 mg; Se 21 mg; | 38 mg; Co 8 mg; Vitamin A 240,000 IU; Vitamin D
60,000 IU; Vitamin E 1,200 IU.

* RUP value was estimated to be 30.5%, 35.35%, 37.0%, 19.6%, 26.6%, 30.8%,
47.5% of CP for Chinese wild rye, corn silage, corn, barley, rapeseed meal, soybean
meal, DDGS (NRC,2001 [4]; NY/T-34, 2004(9]).

Y MP (%) = 0.64 x microbial protein+0.8 x RUP of CP(%) x CP(%), where microbial
protein = 3.8 x Mcal of ME/kg DM.

? The ME value was estimated to be 2.33, 2.21, 3.12, 3.10, 2.75, 3.31, 3.03 Mcal/
kg for Chinese wild rye, corn silage, corn, barley, rapeseed meal, soybean meal, DDGS
(NRC,2001 [4]; NY/T-34, 2004[9)).

vein on the d 1, 25, and 51, and centrifuged at 3,000xg for 10
min to collect serum, which was frozen (—20°C) for later analysis.
Plasma urea nitrogen (PUN), Ca and P concentrations were
analyzed using a HITACHI (7020) Automatic Analyzer, and kits
were provided by Ningbo Medicalsystem Biotechnology CO.,
LTD (Ningbo, China). Total collection of feces and urine was
conducted during week 7. All excreted urine was weighed and
subsamples (100 mL of urine) were gathered at 0700, 1430, and
2030 h, and mixed across hours within a day for later analysis.
Feces samples were analyzed for total N (Kjeltec auto analyzer)
and urine samples were analyzed for total N (Kjeltec auto ana-
lyzer) and urea N using kits obtained from Ningbo Medical-
system Biotechnology CO., LTD (Ningbo, China). On the d
57 of experimental period, rumen uid samples were acquired
approximately 4 h a er morning feeding using an oral stomach
tube [12]. Ruminal pH was immediately recorded with a portable
pH meter (Starter 300; Ohaus Instruments Co. Ltd., Shanghai,
China). Rumen uids were strained through 4 layers of cheese-
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cloth, and strained uid was collected and stored at —20°C for
subsequent analysis of ammonia-N and volatile fatty acid (VFA)
[13].
Ca‘ci ;i’ ,s‘ d:;i:ica“ a_gis

e BW of each cow was calculate&’ based on the measurement
of heart girth and body length using the following equation: BW
(kg) = heart girth® (m)xbody length (m)x87.5 [14-16]. Data
were analyzed using SPSS statistical software package (IBM
SPSS statistics 20.0; IBM Corp., Armonk, NY, USA). e data
on PUN, plasma Ca, and P concentrations were statistically
analyzed as repeated measures in time for e ects of treatment,
time, treatmentxtime by the Mixed procedure of SPSS. Data
on DMI, ADG, manure excretion, body measurements, and
rumen fermentation measurements were analyzed using general
linear model (GLM) of SPSS. Teat lengths were analyzed by using
univariate of GLM, data at the beginning were used as co-variable.
Treatments were also tested for linear and quadratic e ects by
orthogonal polynomial contrasts. Probability values of p<0.05
were used to de ne statistical signi cance and values of p<0.10
and p=0.05 were accepted as statistical trends.

RESULTS AND DISCUSSION

Feedl g"edil* od ’: e’ l* ake, Cf\ de ), "j el l* ake,
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e experiméntal diets had a similar composition of nutrients
but with di erent CP concentrations and intake (Tables 1 and
2). Heifers began the study at 273+6.2 d of age and 235+8.2 kg
of BW with no di erences among treatments. Increasing the
dietary CP had noin uence in DMI, and average DMI was 6.3
kg/d (p>0.05; Figure 1). It is likely that DMI was no di erent
among treatments because of restricted feeding. Previous work
has suggested that the ADG of Holstein heifers must be greater
than 800 g/d and less than 1,000 g/d [17].  is growth rate is
optimal as it ensures that heifers reach a BW of 570 kg at 24 mo
of age and helps to prevent excessive fattening. In this study,
the ADG was similar between the high group and medium
group (ADG>900 g/d), but ADG was lower (799.9 g/d) in low
group (p<0.05; Table 2). e ratios of dietary protein to energy,
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Figure 1. Change in dry matter intake of heifers fed diets containing different dietary
protein level. The average dry matter intake were 6.31, 6.31, 6.39 kg/d for low,
medium, and high group, respectively.

as well as the sum of rumen undegraded protein, are the two
major factors that a ect the ADG of dairy heifers [4].  ese
results agreed with the previous reports that the ADG was 900
g/d on a diet with 11.9% CP [18].
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Structural growth iras &v&duated by measdaring body height, body
length, and heart girth (Table 3). No di erences were found in
initial values for these parameters among the treatments, but
across the feeding period the net increase in body height was
higher for High group than Low group (p = 0.10). Lammers
et al [19] and Gabler et al [20] reported that heifers’ structural
growth was maximized with a high protein diet, which increased
the rate of body growth by 13% to 18%. e growth rate of body
height was 0.081, 0.104, and 0.110 cm/d for Low, Medium, and
High group, respectively. According to this growth rate, the Low,
Medium, and High group should reach recommended breeding
size (body height 127 cm) by 15.0, 13.7, and 13.5 month-old,
respectively. Obviously, Low group can't meet the optimal
breeding age at 13 to 14 month-old [21].

e increased ratios of dietary protein remarkably improved
the rate of rear teat length growth (p<0.05; Table 3). Teat length
was used as an indirect measurement of mammary development,
and the dairy cows fed higher CP diets tend to have lengthier
teats [22]. Sejren et al [23] reported that accelerated prepubertal

Table 2. Initial age, body weight (BW), and average daily gain (ADG) of heifers fed different dietary protein level

Dietary treatment” p-value?
Item - - SEM
Low Medium High T L Q
Initial age (d) 273.1 272.9 273.2 6.15 1.00 0.99 0.98
Initial calculated BW” (kg) 240.7 227.5 2394 11.6 0.46 0.91 0.22
Crude protein intake (g/d) 695.3° 795.1° 942.8° 14.3 <0.01 <0.01 0.18
ADG (g/d) 799.9° 955.2° 970.3° 51.1 0.04 0.02 0.29

SEM, standard error of the mean.

" Low, low level of dietary CP; Medium, medium level of dietary CP; High, high level of dietary CP.

27, effect of treatment; L, linear effect; Q, quadratic effect. ? BW (kg) = heart girth’ (m) x body length (m) x 87.5.

** Superscripts that differ are significant at p<0.05.
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heifer growth rates have been shown to decrease mammary
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Table 5. Effect of different dietary protein level on rumen fermentation of heifers

Zhang et al (2017) Asian-Australas J Anim Sci 30:386-391

Dietary treatment” p-value”
Item SEM
Low Medium High T L Q

pH 6.63 6.60 6.61 0.07 0.93 0.79 0.79
NH;-N (mg/100 mL) 1.16° 228" 3.42° 0.38 <0.01 0.001 0.98
Volatile fatty acid

Acetate (mmol/L) 60.8 62.3 63.0 3.47 0.83 0.54 0.91

Propionate (mmol/L) 15.0 12.4 13.4 1.16 0.31 0.34 0.24

Butyate (mmol/L) 9.34 8.64 8.72 0.40 0.43 0.29 0.45
SEM, standard error of the mean.
" Low, low level of dietary CP; Medium, medium level of dietary CP; High, high level of dietary CP. 2T, effect of treatment; L, linear effect; Q, quadratic effect.
** Superscripts that differ are significant at p<0.05.
Table 6. Effect of dietary protein level on manure N excretion and retention of heifers

Dietary treatment” p-value”
Item SEM
Low Medium High T L Q

Feces

kg of DM/d 2.05 2.09 2.05 0.14 0.97 0.99 0.81

kg of wet manure/d 13.4 13.3 13.0 0.83 0.95 0.77 0.90
Urine

kg/d 4.29 5.21 4.91 0.53 0.49 0.40 0.39
Total manure

kg of wet/d 17.6 183 17.9 1.02 0.89 0.72 0.68
N intake (g/d) 111.3° 127.2° 150.8° 2.29 <0.01 <0.01 0.18
Fecal N (g/d) 40.7 40.5 40.6 2.06 0.99 0.97 0.97
Urine N (g/d) 30.8" 45.1° 50.0° 4.89 0.02 <0.01 0.52
Urinary urea N (g/d) 11.0° 15.1% 19.1° 2.23 0.05 0.02 0.97
N retention

g/d 38.3 41.9 56.1 9.10 0.07 0.02 0.77

% of N intake 353 32.7 37.5 6.63 0.80 0.72 0.58

SEM, standard error of the mean; DM, dry matter.

" Low, low level of dietary CP; Medium, medium level of dietary CP; High, high level of dietary CP. T, effect of treatment; L, linear effect; Q, quadratic effect.

**¢ Superscripts that differ are significant at p<0.05.

excretion was not altered by treatments [26,29]. e ratio of
retained N to N intake was not di erent in heifers among the
treatments, which demonstrated that high dietary CP did not
improve the N e ciency, while ME was maintained constant
in diets.

CONCLUSION

It is concluded that diets containing 11.9% CP with approxi-
mately 2.47 Mcal/kg ME are su cient to meet requirements
of 9 to 11 month-old Holstein heifers gaining 0.9 kg/d.  is
growth rate was su cient to allow animal to reach breeding
recommendations at 13 to 14 mo age. High dietary CP would
increase the N excretion without improving the N utilization
e ciency.
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