
Advances in Bioscience and Biotechnology, 2019, 10, 197-217 
http://www.scirp.org/journal/abb 

ISSN Online: 2156-8502 
ISSN Print: 2156-8456 

 

DOI: 10.4236/abb.2019.108015  Aug. 16, 2019 197 Advances in Bioscience and Biotechnology 
 

 
 
 

Effect of Substituting Alfalfa by Wheat Straw 
Powder on Rumen Digestion, Metabolism and 
Production Performance in Lactating Dairy 
Cows 

Xueyan Lin*, Zhiyong Hu*, Na Li*, Qiuling Hou, Yun Wang, Jun Peng, Yue Jiang, Zhonghua Wang# 

College of Animal Science, Shandong Agricultural University, Taian, Shandong Province, China 

            
 
 

Abstract 
China has abundant straw resources. However, the straw has high levels of 
crude fiber, low levels of crude protein and fat, poor palatability and low di-
gestibility and a large volume. This study explored the feasibility of using 
wheat straw powder to replace some of alfalfa and the suitable replacement 
ratio for lactating dairy cows. In this trial, cows in the mid-lactation stage 
were fed with rations in which alfalfa hay was replaced isocalorically and 
isonitrogenously at 0%, 20%, 40% and 60% by wheat straw powder to explore 
the rumen metabolism and production performance of lactating dairy cows. 
Using a large randomized block design, 60 cows were selected and divided 
into 4 groups: the positive control group CG (0% replacement), and groups 
AL (20% replacement), AM (40% replacement), and AH (60% replacement). 
The pre-feeding period was 2 weeks and the trial period was 8 weeks. Milk 
yield, milk protein yield, milk protein percentage, lactose yield, lactose per-
centage, milk fat yield, and milk fat percentage were not affected by the diets, 
and the differences among the groups were not significant (P > 0.05). The re-
sults show that replacing 20% alfalfa with wheat straw powder is most benefi-
cial to production. When only the feed costs were considered, without consi-
dering other costs (such as labor, machinery, etc.) in the economic benefit 
calculation process, and assume that other costs are the same among the 
groups, and the economic benefits obtained by the AL group were the largest. 
The experimental results provide a basis for the further development of straw 
feed. 

 

 

*Have equal contribution to this article. 
#Correspondent author. 

How to cite this paper: Lin, X.Y., Hu, 
Z.Y., Hou, Q.L., Wang, Y., Peng, J., Jiang, 
Y. and Wang, Z.H. (2019) Effect of Substi-
tuting Alfalfa by Wheat Straw Powder on 
Rumen Digestion, Metabolism and Pro-
duction Performance in Lactating Dairy 
Cows. Advances in Bioscience and Bio-
technology, 10, 197-217. 
https://doi.org/10.4236/abb.2019.108015 
 
Received: June 17, 2019 
Accepted: August 13, 2019 
Published: August 16, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/abb
https://doi.org/10.4236/abb.2019.108015
http://www.scirp.org
http://www.scirp.org
https://doi.org/10.4236/abb.2019.108015
http://creativecommons.org/licenses/by/4.0/


X. Y. Lin et al. 
 

 

DOI: 10.4236/abb.2019.108015 198 Advances in Bioscience and Biotechnology 
 

Keywords 
Wheat Straw Powder, Alfalfa, Production Performance,  
Digestion Metabolism, Cow 

 

1. Introduction 

China has abundant straw resources. However, the straw has high levels of crude 
fiber, low levels of crude protein and fat, poor palatability and low digestibility 
and a large volume [1]. The quality of forages and concentrates has a great im-
pact on the performance of the cow. Alfalfa hay is considered to be a high-quality 
pasture, has a lower fiber content and a higher protein content. Compared to al-
falfa, wheat straw as a forage results in lower dry matter intake (DMI) due to 
higher acid detergent fibers (NDF) (Shaver et al. 1988) [1]. Waldo and Jorgensen 
(1981) also reported that the intake of beans was 28% higher than that of hay 
with equivalent digestibility [2]. The fiber type of ruminant diets plays an im-
portant role in maintaining an optimal VFA level, which can affect rumen fer-
mentation and animal behavior (Murphy et al. 2000; Robinson 1997; Sudweeks 
1997) [3] [4] [5]. It has been reported that the use of comminuted wheat straw to 
replace half of alfalfa of the low fiber and high rumen degradable starch increas-
es feed intake and standard milk production (Kalscheur et al. 2006) [6]. In gen-
eral, we believe that when a diet contains higher levels of wheat straw, the feed 
intake of the cows will be reduced, which will not meet the nutritional needs, 
resulting in decreased milk production [7] [8]. If the straw is properly processed 
and modified to improve straw utilization, some high-quality forages such as al-
falfa in the total mixed ration (TMR) may be replaced, without affecting the milk 
yield and reducing the cost of feed. This study explored the feasibility of using 
wheat straw powder to replace some of alfalfa and the suitable replacement ratio 
for lactating dairy cows. On one hand, this research can make full use of the ex-
isting straw feed resources in China. On the other hand, it is expected to reduce 
the cost of feeding. 

2. Materials and Methods 
2.1. Animals 

Sixty Chinese Holstein healthy cows at mid-lactation (121 ± 36 lactating days) 
were allocated to 4 groups according to the weight (631 ± 51 kg) and similar 
parity. Cows were fed at 8:30, 17:30, 01:00 every day, the feed residue is con-
trolled within 10%. The leftover material is cleaned and weighed before feeding, 
and fed after milking. Free drinking water was provided throughout the day. 

2.2. Trial Design 

The trial employed a randomized block design. Sixty lactating cows were divided 
into four groups, respectively receiving a ration of different wheat straw gradient 
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(0%, 20%, 40%, and 60%). The crude protein (CP) and energy levels of the four 
groups of diets were the same. The pre-feeding period was 2 weeks, and the trial 
period was 8 weeks. 

2.3. Rations 

Four rations were designed, where alfalfa was replaced by wheat straw, respec-
tively at 0%, 20%, 40%, and 60% (DM). The rations were formulated according 
to the NRC standard (USA 2001). The ingredient of the diet and nutrient com-
positions are shown in Table 1. The concentrate to roughage ratio of the diets 
was 48:52 (DM basis). The composition of the concentrates of each ration was 
similar. 
 
Table 1. Ingredients and chemical composition of the experimental diets. 

Diet ingredients (% of DM) 

Item CG AL AM AH 

Alfalfa hay 18.36 14.63 11.01 7.38 

Wheat straw powder 0.00 3.66 7.34 11.06 

Distillers grains 3.55 3.53 3.54 3.56 

Corn silage 25.33 25.22 25.31 25.46 

Beetroot 4.31 4.29 4.66 4.69 

Flaked corn 20.81 19.62 17.72 15.85 

Wheat bran 4.30 4.29 4.30 4.37 

Soybean meal 12.44 13.89 15.31 16.75 

Cottonseed 3.39 3.37 3.29 3.31 
1Premix 2.15 2.14 2.14 2.16 

Calcium hydrogen phosphate 1.88 1.87 1.88 1.89 

salt 0.54 0.53 0.54 0.54 

Baking soda 1.07 1.07 1.07 1.08 

magnesium oxide 0.43 0.43 0.43 0.43 

potassium chloride 0.27 0.27 0.27 0.27 

Fat 0.81 0.80 0.80 0.81 

Yeast culture 0.39 0.38 0.39 0.39 

Chemical composition (% DM) 

CP 16.68 16.68 16.67 16.68 

NDF 31.50 32.64 34.03 35.42 

ADF 19.85 20.49 21.29 22.11 

NDF 24.13 25.18 26.58 27.89 
2NFC 36.04 35.06 33.78 32.45 

Fat 3.24 3.17 3.07 2.30 

Ca 1.35 1.35 1.35 1.35 

P 0.53 0.53 0.53 0.53 

NEL (Mcal/kg) 1.59 1.59 1.57 1.56 

Note: 1Pre-mix contained VA, 260 KIU/kg; VD3, 50 KIU/kg; VE, 300 mg/kg; P, 84 mg/kg; Mn, 276 mg/kg; Zn, 
1032 mg/kg; Salt, 80 mg/kg; Ca, 200 mg/kg; Cu, 380 mg/kg; Fe, 180 mg/kg. 2NFC = 100 − (%NDF + %CP 
+ %EE + %Ash). 
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Each group of cows was randomly assigned to one of the 4 rations respective-
ly: 

1) Control group (CG, replaced 0%) 
2) AL group (replaced 20%) 
3) AM group (replaced 40%) 
4) AH group (replaced 60%) 
The ration for each group contained the same levels of energy and nitrogen. 

The crude protein content was 16.7%, and the net energy NEL of the diet was 1.6 
Mcal/kg. Cows were fed regularly with some salt to meet the demand for miner-
als. 

2.4. Sample Collection and Analysis 
2.4.1. Ration Sample Preparation and Analysis 
Starting from the beginning of the trial period, the amounts of supplied and re-
maining feed of each cow were continuously measured and recorded for the first 
three days of each week. Feed and residual samples were collected weekly. All 
samples were dried at 65˚C to determine the initial moisture, and crush to 1 mm 
using a shredder. Feed and residual samples were mainly used for the determi-
nation of dry matter (DM), CP, neutral detergent fiber (NDF), acidic detergent 
fiber (ADF), total energy (GE), ash (Ash), acid insoluble ash (AIA), calcium 
(Ca), and phosphorus (P). 

2.4.2. Milk Sample Collection 
An automatic milk production recording system was used to record the daily 
milk production. Milk samples were collected in the last three days of the 5th 
and 7th week of the trial period. The collected milk samples were mixed at a ra-
tio of 4:3:3 with respect to samples from the morning, noon and evening. The 
milk samples were mixed with potassium dichromate as a preservative, then 
placed at −4˚C and immediately sent to the Jinan Dairy DHI Measurement Cen-
ter for determination of milk fat, milk protein, lactose, total solids (TS) and milk 
urea nitrogen (MUN). 

2.4.3. Urine and Feces Sample Collection 
At the 5th and 7th week of the trial period, the excrements were collected by 
point sampling (Leonardi, 2003) [9] (first day: 6:00, 12:00, 18:00; second day: 
1:00, 7: 00, 14:00; third day: 10:00, 21:00). Urine samples were collected by the 
genital massage stimulation method, and a sample of 20 ml of urine was col-
lected at the middle of urination. The urine samples were quickly mixed with 
0.072 N H2SO4 at a ratio of 1:4 for nitrogen fixation. Eight initial samples were 
mixed to make one testing sample, which was stored at −20˚C for determination 
of urinary nitrogen and creatinine. The fecal sample was taken directly from 
rectal feces. Eight initial fecal samples were mixed in proportion, dried at 65˚C 
and pulverized to 1 mm, and then measured for DM, CP, NDF, ADF, Ashand 
AIA. 
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2.4.4. Ruminal Fluid Collection 
On the last day of the 8th week of the trial period, before feeding in the morning, 
5 cows were randomly selected from each group to collect rumen fluid. A gastric 
tube rumen fluid sampler was used to collect rumen fluid from multiple sites in 
the rumen (dorsal anterior, dorsal posterior, ventral anterior, ventral posterior, 
and centric). The samples were filtered through 4 layers of gauze. The rumen pH 
was measured. An aliquot of 5 ml rumen fluid sample was mixed with 1 ml of 
25% (wt/vol) HPO3 and stored at −20˚C for determination of VFA. 

2.4.5. Blood Collection 
At the 5th and 7th week of the trial period, after the milking in the morning and 
afternoon, blood samples were collected from the tail vein, incubated at 37˚C in 
a water bath for 1 h. The samples were centrifuged at 3500 rpm for 15 min to 
separate the serum. The following hormones were measured: insulin (INS), glu-
cagon (GLN), following routine blood indicators were measured: free fatty acids 
(FFA), urea nitrogen (BUN), blood glucose (GLU), beta-hydroxybutyrate (BHBA), 
and triglycerides (TG). 

2.5. Determination Methods 
2.5.1. Method for Determining Routine Dietary Indices  
DM in the diet, residue and fecal samples were determined according to the me-
thod of GB 6435-86. 

The OM content in the test diet, residue and fecal samples was calculated by 
the Ash content from the DM content. 

The method of GB/T 6432-94 was used to determine CP in the test diet, resi-
due and fecal samples. 

The method of GB/T 20806-2006 was used to determine NDF in the test diet, 
residue and fecal samples. 

The method of NY/T 1459-2007 was used to determine ADF in the test diet, 
residue and fecal samples.  

The method of GB/T 6438-86 was used to determine crude ash in the diet, re-
sidue and fecal samples.  

Total energy of feed ingredients was determined using a PAR 6200 oxygen 
bomb calorimeter. 

Feed raw material calcium was determined using the method of GB/T 
6436-2002. 

Feed raw material phosphorus were determined using the method of GB/T 
6437-2002. Determination of Milk Composition.  

The milk component was measured using a near-infrared milk component 
analyzer (Foss-4000; Foss Electric; Hillerød; Denmark).  

2.5.2. Determination of Serum Biochemical Indices 
Serum biochemical indices were determined using a fully automated biochemi-
cal analyzer (Hitachi, type 7020). The pure urea nitrogen (PUN) kit was pro-
duced by Nanjing Jiancheng Biotechnology Co., Ltd. (Nitrate Reductase Method, 
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Cat. No. A012). 
The glucose (GLU) kit was produced by Sichuan Mike Biotechnology Co., Ltd. 
The cortisol test kit was a product of Nanjing Jiancheng Biotechnology Co., 

Ltd. 
The triglyceride (TG) kit was a product of Nanjing Jiancheng Biotechnology 

Co., Ltd. (GPO-PAP Enzyme Method, Cat. No. A110-2). 
The β-hydroxybutyric acid (BHBA) kit was a product of Nanjing Jiancheng 

Biotechnology Co., Ltd. 

2.5.3. Serum Hormone Detection 
The levels of INS, GLN, IGF-1, GH, PRL and cortisol were measured by Nanjing 
Aoqing Company Immunoassay. The kit was purchased from Tianjin Jiuding 
and Tianjin Xiehe Pharmaceutical Technology Co., Ltd. 

2.5.4. Detection of Rumen VFA 
Rumen pH was measured using a JENCO 6178 benchtop pH/electrochemical 
meter (USA). The measurement of VFA was carried out with the method de-
scribed by Yang and Varga (1989). 

2.5.5. Detection of Creatinine and Urea in Urine Samples 
Creatinine was measured using the protein-depleted picric acid colorimetric kit 
(Nanjing Jiancheng Biotechnology Co., Ltd.). Urea nitrogen was determined us-
ing a diacetyl hydrazine kit (Nanjing Jiancheng Biotechnology Co., Ltd.). 

2.6. Data Analysis 

Covariance analysis was employed for repeated data. The test data on the first 
day of the trial period was used as a covariate. The data was first processed using 
Excel, then further analyzed with the GLM process of SAS 8.2 software. Dun-
can’s multiple comparisons were used to test the significance of the differences 
between the means of each group. P < 0.05 was considered significant. 0.05 < P < 
0.1 was considered a trend of statistically significant. P > 0.1 was considered not 
significant. 

3. Results 
3.1. Effects of Alfalfa Substitution by Wheat Straw on Nutrient  

Intake and Apparent Digestibility 

As shown in Table 2, the intakes of DM, CP NDF and OM were significantly af-
fected by the diet (P < 0.05). The CP intake was the highest in the AH group. 
The increased proportion of wheat straw substitution resulted in a significantly 
increased intake of NDF in the AL and AH groups compared with in the control 
group except for the AM group. The AH group had the largest value of NDF in-
take. The intakes of ADF by the test groups were significantly higher than that 
by the control group. 

In this experiment, alfalfa hay was replaced by wheat straw powder from 0%  
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Table 2. Effect of wheat straw on nutrient intake and apparent digestibility in dairy cows. 

Item CG AL AM AH SEM P-value 

Nutrient intake (kg/d) 

DM 20.84b 21.57a 20.81b 21.76a 0.14 0.02 

OM 20.05ab 20.88a 19.76c 20.04bc 0.14 0.01 

CP 3.33b 3.60a 3.37b 3.63a 0.03 <0.01 

NDF 7.62b 8.27a 7.86b 8.40a 0.08 <0.01 

ADF 3.36c 3.71b 3.77b 4.04a 0.04 <0.01 

Apparent digestibility (%) 

DM 59.49ab 63.15a 59.45a 55.04b 1.27 0.19 

OM 61.35ab 64.95a 62.18a 57.83b 0.76 0.01 

CP 67.12a 66.31a 63.22a 58.85b 0.83 <0.01 

NDF 49.76 50.67 48.03 45.49 0.83 0.13 

ADF 38.72 39.64 40.02 37.10 1.17 0.90 

Note: Values within the same row without a shoulder note or noted with common letters were not sig-
nificant (P > 0.05), those without a shared letter are significantly different (P < 0.05). CG, AL, AM, AH 
are the groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 

 
to 60%. There were significant differences in the apparent digestibility of organic 
matter and crude protein (P < 0.05) among the rations. The AL group showed 
the highest DM digestibility. The apparent digestibility of CP in the largest re-
placement group (AH) was significantly lower (P < 0.05). The apparent digesti-
bility of DM, NDF and ADF was not significantly different among groups (P > 
0.05). 

3.2. Effects of Wheat Straw Replacing Alfalfa on Nitrogen  
Metabolism 

As shown in Table 3, the nitrogen intake was extremely significantly affected by 
the diet treatment (P < 0.05). Nitrogen intakes in the CG and AL groups were 
significantly higher than those in the AM and AH groups (P < 0.05). The milk 
nitrogen, fecal nitrogen, urine nitrogen, and their ratios to nitrogen intake were 
not significantly different among the groups (P > 0.05). Although the difference 
in nitrogen balance among groups was not significant (P > 0.05), the nitrogen 
balance in the AL group was the highest in value. 

3.3. Effect of Wheat Straw Substituting Alfalfa on Rumen  
Fermentation Indexes 

As shown in Table 4, there were no significant differences among groups in 
acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric 
acid and rumen pH values (P > 0.05). The total VFA content of the AL group 
was the highest in value. A greater substitution proportion was accompanied by 
the gradual increase in the ratio of ethylene-propylene, although the difference  
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Table 3. Effect of wheat straw on nitrogen metabolism in dairy cows. 

Item CG AL AM AH SEM P-value 

Intake-N (kg/d) 0.58b 0.58b 0.53a 0.53a 0.01 <0.01 

Milk-N (kg/d) 0.17ab 0.17a 0.17a 0.15b 0.01 0.12 

Fecal N (kg/d) 0.22 0.20 0.21 0.21 0.01 0.80 

Urine N (kg/d) 0.18 0.19 0.17 0.16 <0.01 0.17 

Urine N + Fecal N 
(kg/d) 

0.39 0.39 0.39 0.38 0.01 0.85 

N balance 0.60 0.65 0.60 0.60 0.01 0.23 

Ratio to intake N       

Milk-N 0.29 0.30 0.32 0.29 0.01 0.12 

Urine N 0.31 0.34 0.32 0.31 0.02 0.59 

Fecal N 0.37 0.35 0.39 0.40 0.02 0.27 

Urine N + Fecal N 0.68 0.68 0.72 0.71 0.01 0.64 

Note: Values in the same row without a shoulder note or noted with common letters were not signifi-
cant (P > 0.05), and those without a shared letter are significantly different (P < 0.05). CG, AL, AM, 
AH are the groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 

 
Table 4. Effect of wheat straw on rumen fermentation indexes. 

 CG AL AM AH SEM P-value 

Rumen pH 6.78 6.94 6.74 6.82 0.07 0.79 

VFA (mmol/l) 

Total VFA 85.14 87.59 86.34 85.46 4.34 1.00 

Acetic 49.81 49.82 51.12 51.28 3.35 0.10 

Propionic 19.61 18.90 18.41 18.38 0.60 0.92 

Propionic 
acid ratio 

2.99 3.15 3.27 3.27 0.06 0.22 

Butyrate 8.23 8.17 8.17 8.25 0.28 1.00 

Isobutyric 0.55 0.59 0.56 0.58 0.03 0.96 

Valerate 0.92 1.05 1.09 1.07 0.07 0.88 

Isovaleric 1.17 1.35 1.33 1.31 0.08 0.90 

Note: Values in the same row without a shoulder note or noted with common letters were not signifi-
cant (P > 0.05), and those without a shared letter are significantly different (P < 0.05). CG, AL, AM, 
AH are the groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 

 
among groups was not entremely significant (P > 0.05). 

3.4. Effect of Wheat Straw Replacing Alfalfa on Lactation  
Performance 

As shown in Table 5, the diets did not affect the milk yield, milk protein yield, 
milk protein percentage, lactose yield, lactose percentage, milk fat yield, and 
milk fat percentage, and the differences among the groups were not significant  
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Table 5. Effect of wheat straw replacing alfalfa on the performance of dairy cows. 

Item CG AL AM AH SEM P-value 

Milk yield (kg/d) 28.13 29.33 27.56 26.07 0.56 0.28 

Protein yield (kg/d） 1.07 1.11 1.10 0.97 0.02 0.12 

Milk protein (%) 3.80 3.86 3.99 3.86 0.05 0.49 

Lactose yield (kg/d) 1.45 1.52 1.42 1.32 0.03 0.21 

Lactose (%) 5.15 5.05 5.17 4.99 0.05 0.56 

Fat yield (kg/d） 0.85 0.84 0.88 0.74 0.03 0.33 

Fat (%) 3.09 3.13 3.23 3.09 0.12 0.98 

MUN (mg/dL) 24.45a 23.26ab 23.40ab 20.93b 0.46 0.04 

4% FCM (kg/d) 24.04 24.32 24.21 21.49 0.49 0.16 

TS (%) 12.74 12.76 13.06 12.81 0.15 0.75 

ECM (kg/d) 26.46 26.97 26.87 23.62 0.51 0.08 

Milk NEL (kg/d) 19.66 20.04 19.98 17,.55 0.38 0.97 

Feed efficiency 1.29 1.41 1.28 1.25 0.03 0.16 

Note: Values in the same row without a shoulder note or noted with common letters were not significant 
(P > 0.05), and those without a shared letter are significantly different (P < 0.05). CG, AL, AM, AH are the 
groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 4% FCM = [15 × Fat (%) + 0.4] × 
mild yield (kg/d); Feed efficiency = Milk yield/DMI; NEL (Mcal/d) = milk yield × (0.0929 × milk fat (%) + 
0.0563 × milk protein (%) + 0.0395 × milk lactose (%) (NRC,2001); ECM (kg/d) = milk yield × [(38.3 × 
milk fat (%) × 10 + 24.2 × milk protein (%) × 10 + 16.54 × milk lactose (%) × 10+ 20.7) ÷ 3140]. 

 
(P > 0.05). The AL group showed the highest values of milk protein yield and 
lactose yield, but the AM group showed the highest values of milk protein per-
centage and the lactose percentage. The AM group had the highest values of 
milk yield and milk fat percentage. 

The MUN content in the MH group was significantly lower than those in the 
other three groups (P < 0.05). The diets did not significantly affect whole solids, 
4% fat corrected milk, energy-corrected milk, net energy of lactation, and feed 
efficiency (P > 0.05). The energy corrected milk in the AM group was the highest 
numerically. In terms of feeding efficiency, although there was no significant 
difference among the groups, the AL group was the highest in value and the AH 
group was the smallest numerically. 

3.5. Effect of Wheat Straw Replacing Alfalfa on Serum Hormone 

As shown in Table 6, the differences among groups in the levels of serum insu-
lin, glucagon, growth hormone and cortisol were not significant (P > 0.05). The 
differences among groups in serum insulin-like growth factor and prolactin le-
vels were extremely significant (P < 0.01). The concentrations of insulin-like 
growth factor and prolactin were numerically the largest in the CG group, and 
those in the AH group were the smallest in value. 
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Table 6. Effect of wheat straw replacing alfalfa on blood hormones in dairy cows. 

Item CG AL AM AH SEM P-value 

Insulin (uIU/ml) 11.56 10.75 10.00 11.53 0.24 0.06 

Glucagon (pg/ml) 82.79 83.35 85.10 82.86 1.08 0.87 

IGF-I (ng/ml) 122.25a 113.91b 101.25c 112.83b 1.59 <0.01 

PRL (ng/ml) 763.61a 740.34ab 715.28bc 692.06c 6.48 <0.01 

GH (ng/ml) 18.49 16.39 15.78 15.82 0.31 0.06 

Cortisol (ug/L) 85.61 83.23 81.85 82.04 0.80 0.33 

Note: Values in the same row without a shoulder note or noted with common letters were not significant 
(P > 0.05), and those without a shared letter are significantly different (P < 0.05). CG, AL, AM, AH are the 
groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 

3.6. Effect of Wheat Straw Replacing Alfalfa on Serum  
Biochemical Indexes 

As shown in Table 7, there was no significant difference in serum β-hydroxy- 
butyrate, triglyceride, and urea nitrogen groups (P > 0.05), while serum glucose 
and volatile fatty acids were significantly affected by the diet (P < 0.01). The 
concentration of serum glucose in the AH group was significantly higher than 
that of CG group (P < 0.05). The concentration of serum free fatty acid (FFA) in 
the CG group was significantly higher than those in other three groups (P < 
0.05), and the proportion of wheat straw replacement increases were accompa-
nied by significantly decreased serum FFA (P < 0.05). 

3.7. Effect of Wheat Straw Replacing Alfalfa on Production  
Efficiency 

Table 8 shows the effect of wheat straw replacing some of the imported alfalfa 
hay in the diet on the economic benefits. Calculated according to the ratio of raw 
materials and prices, feed intake, milk yield and milk price, it was found that af-
ter using wheat straw to replace the imported alfalfa hay in the diet, the cost per 
kg of feed showed a clear downward trend, from 1.16 yuan/kg to 1.13 yuan/kg, 
1.10 yuan/kg and 1.06 yuan/kg, without considering other costs (such as labor, 
machinery, etc.) other than feed in the economic benefit calculation process, as-
suming that the other costs are the same in all the groups. Compared with the 
control group, the benefit increased by 3.35 yuan per day in the 20% replace-
ment group, increased by 0.03 yuan per day in the 40% replacement group, de-
creased by 7.56 yuan per day in the 60% replacement group. 

4. Discussion 
4.1. Nutrient Intake and Apparent Digestibility 

Carbohydrates in feeds are generally classified into neutral detergent fibers 
(NDF) and non-fibrous carbohydrates (NFC) depending on their main site of 
presence [10]. NDF is predominantly present in the cell wall, while NFC is  
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Table 7. Effect of wheat straw replacing alfalfa on serum biochemical indexes of dairy 
cows. 

Item CG AL AM AH SEM P-value 

TG (mmol/L) 0.79 0.79 0.80 0.88 0.20 0.31 

BUN (mmol/L) 3.46 3.13 3.76 3.44 0.10 0.20 

Glucose (mmol/L) 8.53b 9.77ab 10.22a 11.33a 3.79 <0.01 

FFA (umol/L) 373.55c 321.03a 286.85b 277.01a 6.87 <0.01 

BHBA (umol/L) 0.87 0.83 0.86 0.84 0.01 0.70 

Note: Values in the same row without a shoulder note or noted with common letters were not signifi-
cant (P > 0.05), and those without a shared letter are significantly different (P < 0.05). CG, AL, AM, AH 
are the groups where wheat straw replaced alfalfa, respectively, 0%, 20%, 40%, 60%. 

 
Table 8. Effect of wheat straw replacing alfalfa on production benefit. 

Item 
Average milk  
production 

(kg) 

Effectiveness 
(yuan) 

Actual feed 
intake (kg) 

Feed price 
(yuan) 

Daily feed 
cost (yuan) 

Produce 
benefit 
(yuan) 

Extra  
income 
(yuan) 

CG 28.13 112.52 42.98 1.16 49.86 62.66  

AL 29.33 117.32 45.40 1.13 51.30 66.02 3.35 

AM 27.56 110.24 43.22 1.10 47.54 62.70 0.03 

AH 26.07 104.28 45.96 1.07 49.18 55.10 −7.56 

Note: The milk price was calculated at 4 yuan/kg. The additional benefit was the difference between the 
benefit of the test group and the control group. Diet cost: corn silage 360 yuan/ton, alfalfa 2400 yu-
an/ton, wheat straw 600 yuan/ton, distiller’s grains 630 yuan/ton, beetroot 1850 yuan/ton, flaked corn 
2100 yuan/ton, wheat bran 1600 yuan/ton, soybean meal 3100 yuan/ton, cottonseed 1800 yuan/ton, oth-
er 2750 yuan/ton. Kilogram milk feed cost = diet cost/milk production; total output = milk yield × milk 
price; benefit (excluding other costs except for feed costs, assuming other costs are consistent across 
groups) = gross output value-diet cost. CG, AL, AM, and AH are the groups where wheat straw replaced 
alfalfa, respectively, at 0%, 20%, 40%, and 60%. 

 
predominantly present in cellular contents. For lactating cows, roughage ac-
counts for half or more of the diet and profoundly affects the energy and carbo-
hydrate intake [11]. Obtaining the largest digestible carbohydrates from forage is 
the most important management goal, and the energy requirements for main-
taining and lactating often exceed the energy consumed by the production cattle 
[12]. Forage NDF is the main factor affecting feed intake, and it also affects the 
rumen filling of high-yield dairy cows. Waldo (1986) suggested that dietary NDF 
content is the single chemical factor predicting DMI in dairy cows [13]. When 
fed corn silage with greater NDF digestibility, lactating cows consume more DM 
and produce more milk (Qiu et al. 2003) [14]. When replaced alfalfa hay with 
corn stover in cow’s ration, it was found that as the grain size of the ration de-
creased, the digestibility of the fiber decreased, but DMI increased [15]. In our 
trial, the wheat straw was powdered, and the DMI increased with the increase in 
the level of the replacement. However, the observed DMI did not increase with 
the increasing proportion of substitution. DMI did not have a linear relationship 
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with the proportion of substitution. Studies have shown that feed intake will in-
crease when ruminants eat forages with lower dietary fiber contents. The results 
observed in this experiment are not consistent with these previous reports. The 
likely reason is that the cows were fed with different diets. Cows fed corn stover 
were significantly lower in OM, CP, NDF, ADF, and nitrogen utilization than 
those fed alfalfa and corn silage (Zhou Xiaoqiao 2015) [16]. The apparent CP 
digestibility in the corn stover group was significantly higher than that in the 
mixed roughage group (Xu Xiaoyan 2012) [17]. Compared with corn stover, al-
falfa and corn silage had a significantly higher rumen degradation rate in DM, 
CP, NDF and ADF (Wang Dandan 2013) [18]. Experimental studies have shown 
that the digestibility of nutrients in alfalfa hay is higher (Zhang Tao 2003) [19]. 
According to published reports, the proportion and combination of roughage 
have different effects on the apparent digestibility of nutrients in cows. There 
were significant differences in OM digestibility and CP digestibility between the 
control group and the test groups [20]. Hao Yingfei (2007) used alfalfa and corn 
stover in different proportions and found that the apparent digestibility of DM 
did not decrease along with the increase of corn stover proportion. When the al-
falfa to corn stover ratio was 25%, the apparent digestibility of DM decreased 
[20]. Hou Yujie (2014) used four types of roughages, alfalfa, oat grass, leymus 
and rice straw to prepare isocaloric isonitrogenous rations, with the same NDF, 
FNDF and NFC. He found that different roughage sources had no effect on the 
apparent digestibility of DM and OM [21]. Wang Zhijun (2015) found that the 
highest value of forage grasses had the highest OM and DM digestibility [22]. In 
2009, Zhu Qing fed cows with Leymus chinensis and conventional corn stover, 
and found that the milk yield of Leymus chinensis group was higher than that of 
the alfalfa group [23]. 

Hou Yujie (2014) used four types of roughages in rations and found that the 
apparent OM digestibility was not different among groups, but NDF and ADF 
digestibility was significantly different between the alfalfa groups and the rice 
straw group [21]. In this experiment, the increased in the proportion of wheat 
straw replacement did not significantly affect the apparent ADF digestibility. 
The test groups (AL, AM, AH group) were numerically higher in apparent ADF 
digestibility than the control group (CG group). In addition, the reason for this 
phenomenon is due to the combined effect between alfalfa hay and wheat straw 
[24]. The mechanism may be: alfalfa itself contains more rumen metabolizable 
protein which provides a sufficient source of nitrogen for rumen microorgan-
isms. Wheat straw itself contains a higher fiber content [25]. Rumen microor-
ganisms have a powerful fermentation function that can make full use of this 
nutrient source [26]. Therefore, wheat straw provided a large amount of carbon 
source for rumen microorganisms. 

4.2. Nitrogen Utilization and Nitrogen Metabolism 

Dietary nitrogen intake is a major factor in determining the milk nitrogen effi-
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ciency in cows (Huhtanen et al. 2008) [27]. Nitrogen metabolism is closely re-
lated to the content and type of volatile fatty acids in the rumen [28]. Ammonia 
nitrogen concentrations in the rumen are often used as a reference standard. In 
this experiment, there were no significant differences in milk protein yield 
among CG, AL and AM. The utilization of nitrogen by ruminants is related to 
the rumen degradation rate of dietary nitrogen and the availability of energy 
from microbes. 

Studies have found that nitrogen utilization is promoted when the rumen de-
gradation rate of nitrogen is synchronized with the available energy provided by 
the microorganisms. The protein levels were the same among the 4 groups, but 
the levels of nitrogen intake were different. This is mainly because the dry matter 
intake is different among the four groups, and the apparent digestibility of the 
crude protein in the diet is also different. Therefore, there were differences in the 
levels of nitrogen intake among groups. The nitrogen intake of the CG and AL 
groups was similar in value and significantly greater than that in the AM and 
AH groups. Reports indicate that increasing the proportion of NSC in 
grasses-based diets and lowering the proportion of structural carbohydrates im-
prove nitrogen utilization in lactating dairy cows and increase microbial protein 
synthesis (Reis and Combs 2000) [29]. When high-yield dairy cows are fed a 
large amount of high-quality protein, microbial protein degradation products 
are not directly involved in microbial protein synthesis (MPS), which often 
produces rumen NH3, which is eventually excreted in the form of urine N [30]. 
Excess ammonia in the rumen is absorbed into the blood through the rumen 
wall, and part of it is swallowed back into the rumen through saliva in the form 
of urea, and the other part enters the liver and is excreted in the form of urea 
(Kennedy 1980) [31]. Although the levels of NDF and NFC were different in the 
four groups of diets, there was no significant difference in urinary nitrogen ex-
cretion. The addition of wheat straw to the diet did not significantly affect the 
excretion of urinary nitrogen. Regarding the nitrogen balance, the CG group is 
similar in value compared with the AM and AH groups, while the AL group is 
numerically the highest. The possible reason is that a combined effect has oc-
curred. The rumen environment is an important factor affecting nitrogen meta-
bolism, but now the dairy industry is seeking the greatest production benefit 
[32]. Cows are fed with a large amount of fermentable organic matter, causing 
rapid fermentation of organic matter (NFC) in the rumen, making cows prone 
to subacute rumen acidosis. 

4.3. Rumen Fermentation 

When high yield cows are fed a ration containing more than 45% of high-con- 
centrate (based on DM), the rumen pH generally falls to 5.3 or 5.0 during fer-
mentation stage from the usual average pH 6.0 or 6.1 before feeding in the 
morning [33]. In fact, the rumen pH may be lower than these average levels for a 
fairly long time during the feeding period. Because the magnitude of rumen pH 
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fluctuation is not fully characterized, the pH measurement may be misleading. 
Grovum (1973) found that NSC degraded faster than NDF. The rapid degrada-
tion of NSC may lead to the accumulation of VFA, which lowers the rumen pH 
and increases the osmotic pressure. NDF is difficult to digest, which produced a 
small amount of acids. Therefore, the concentration of dietary NDF is negatively 
correlated with the rumen pH (NRC 2001) [34] [35]. In this study, except that 
the AM group had a lower rumen pH than the CG group, the groups AL and AH 
had higher rumen pH values than the CG group, indicating that the replacement 
of alfalfa with wheat straw could alleviate the rumen fermentation to some ex-
tent [36]. 

Diet is an important factor affecting rumen stability, and rumen pH is an in-
direct indicator of rumen stability. In this experiment, the use of wheat straw 
gradient substituting alfalfa had no significant effect on the rumen pH of dairy 
cows. The pH values were all within the normal range (5.5 - 6.8). This indicates 
that the rumen environment is relatively stable. The test diets did not cause sig-
nificant changes in rumen fermentation function. Beauchemin et al. (1995) and 
Agbagladohnani et al. (2001) reported that the addition of corn fiber to diets did 
not affect rumen pH or increase pH. They explained that it may be because the 
carbohydrate portion of the corn fiber feed WCGF is mainly composed of fer-
mentable fiber rather than non-structural carbohydrates [37] [38]. 

4.4. Lactation 

Dairy cow milk production is particularly susceptible to fluctuation and unsta-
ble. Zhou Juan (2007) believes that roughage is the most critical factor among 
many factors affecting milk production [39]. Of course, animals can feed on 
energy, and only when they meet the needs can they have the “remaining power” 
to contribute. The composition of the roughage, the fiber type of the forage, the 
ratio of roughage to concentrates, etc. all affect the rumen metabolism, which in 
turn affects milk yield and milk composition [40] [41] [42]. The appropriate 
treatment of the straw to ensure that the feed intake of the cow can meet the lac-
tation performance needs (Zhang Qian 2010) [43]. Cows fed mixed alfalfa and 
corn silage, compared with those fed corn stover with the same dry matter con-
tent as the single roughage source, had increased DMI, significantly increased 
milk yield and milk protein rate, because the mixed roughage sources have 
higher CP levels (Zhou Xiaoqiao 2015) [16]. 

In this experiment, wheat straw was used to supplement the crude fiber 
through the alfalfa + wheat straw + concentrate mode, which alleviated the ru-
men fermentation speed and improved the status of the cow. DMI plays an im-
portant role in dairy production. It determines the amount of nutrients that 
cows use to maintain and produce. When NDF in the diet is derived solely from 
roughage, DMI is related to the NDF concentration of the TMR diet (Mertens 
2009) [44]. Hou Yujie (2014) fed cows with four different roughage sources, and 
found that DMI of the cows was close and the milk yield was similar. This test 
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also reached the same conclusion [21]. The DMI was similar between the 
groups, and the milk yield was similar. In this experiment, the CG group had the 
highest DMI. Its apparent CP digestibility was also numerically highest. This 
means that it has a high intake of nitrogen. Our experimental data also confirms 
this. From this point of view, the intake of food, protein content affects the con-
tent of milk protein, in fact, is ultimately the level of true nitrogen intake. Once 
mastered this law, we can design a diet that is more conducive to the intake of 
dairy cows, solve the palatability of poor-quality roughage, and provide a theo-
retical basis for the development of new forage resources [45]. 

Gencoglu et al. fed diets of wheat stalks and chopped sorghum, respectively, 
found that the yield of 4% standard milk and energy-corrected milk was similar 
(Gencoglu et al. 2008) [46]. The 4% standard milk and energy-corrected milk in 
this test are not affected by the diet, which is consistent with the results of the 
study. Of course, there are also different reports. Wang Jinhe et al. (2010) re-
ported that the amount of milk produced in the hay group was significantly 
higher than that in the corn stalk group [47]. And Zhu Wen (2013) reported that 
the milk yield of dairy cows fed with cockroaches was higher than that of cows 
fed corn stalks [48]. When converted to 4% fat-corrected milk, feeding cock-
roaches was higher than that of corn stalks. The possible reason is that this test is 
designed to be equivalent to the same nitrogen level. In addition, 4% milk yield 
and milk protein production in dairy cows may be related to dietary intestinal 
absorption protein and small intestinal absorbable microbial protein (Huhtanen 
et al. 2008) [27]. 

In 2017, Wang proposed the concept that metabolizable proteins have a regu-
lating effect on milk production. Metabolizable proteins are precursors of milk 
protein synthesis (NRC 2001). That is to say, the precursor substance of milk 
protein synthesis is metabolizable protein. Therefore, we can have such an infe-
rence: the more precursors are provided to cattle in the feed, the simpler the ac-
quisition process is, the more the precursor supplies for milk protein synthesis, 
theoretically the more milk protein production there can be [49]. It also provides 
a theoretical basis for the interpretation of milk protein reduction caused by 
feeding inferior roughage. In this test, the amount of lactose, milk protein, and 
milk fat was not significantly affected by the diets. Although the nutrient content 
of wheat straw is lower than that of alfalfa, it can be adjusted to be isonitrogen-
ous and isocaloric. Therefore, we can think that the metabolizable protein that 
such diet can provide should be similar. 

4.5. Blood Biochemical Indexes 

The growth hormone (GH) level was the highest in the CG group (0% replace-
ment group) and the lowest in the AM group. It is consistent with the lowest 
concentration of glucose in the serum of the CG group. The possible reason is 
that growth hormone inhibits blood glucose level. The results of this study are 
the same as reported by Lucy M C (2014). When the blood glucose concentra-
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tion increases, it will stimulate the islet B cells to secrete more insulin, and under 
the action of insulin, the blood glucose concentration will return to a normal 
value [50]. When blood glucose level drops, it stimulates islet A cells to secrete 
more glucagon, and blood glucose levels rise to normal. The insulin content of 
the CG group was the highest, probably due to a higher the metabolic level of the 
CG group. Insulin-like growth factor is also a hormone that regulates blood sug-
ar. It regulates the liver uptake of glucose to synthesize glycogen. Thus, it has the 
effect of lowering blood sugar. The CG group has the highest blood glucose in 
value, the AL group was the lowest in value, and the difference between the two 
groups was significant. 

As early as 1973, Blowey et al. believed that the three components of glucose, 
urea and albumin in the blood were the indicators for the protein and energy 
status of dairy cows [51]. The change in its content can reflect the body’s absorp-
tion, transport and metabolic homeostasis of sugar. A decrease in albumin con-
centration reflects insufficient protein intake. Serum urea nitrogen is an impor-
tant indicator of the protein metabolism of the animal. A decrease in the con-
centration of urea nitrogen indicates insufficient protein intake or excessive 
energy intake. After feeding different ratios of concentrates and roughage, than 
wheat-type diets, the increase in the ratio of the concentrate to the roughage was 
accompanied by a significant increase in serum glucose content. However, there 
was no significant change in serum total protein, albumin, and urea nitrogen 
content (Zhang Litao 2013) [52]. Glucose concentration is not sensitive to 
changes in energy. Therefore, the use of glucose concentration as an indicator of 
monitoring energy has certain limitations. When feeding alfalfa, oats, leymus 
and straw, the blood glucose concentration has a narrow range, and the differ-
ence was not significant. The difference in blood glucose concentration between 
the CG group and the AL group was not significant, but it was significantly dif-
ferent from the AM and AH groups. It is indicated that the difference in blood 
glucose concentration is not significant when replacing 20% of alfalfa. In addi-
tion, the blood glucose concentration and the concentration of glucagon are in-
consistent. This may be the blood glucose concentration is regulated two-ways, 
and is the result of a combination of multiple mechanisms. Blood sugar changes 
cannot be judged by a single hormone. 

The serum urea nitrogen content reflects the metabolism of the protein and 
can reflect the balance of the rumen degradable protein and carbohydrate in the 
diet [53]. The urea nitrogen in the blood is derived from degraded dietary pro-
teins and ammonia that is absorbed into the blood from the rumen [54]. Its 
concentration in the blood reflects the efficiency of nitrogen use in the diet 
(Kanjanapruthipong et al. 2006) [55]. The difference in urea nitrogen between 
the groups in this test was not significant. The content of urea nitrogen in the AL 
group was the smallest, which was inconsistent with the research results of 
Zhang Xiaoli (2006) [56]. The possible reason is that although alfalfa is a 
high-quality forage, contains a large amount of high-quality fermentable carbo-
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hydrates, and contains a reasonable pattern of amino acids, when wheat straw is 
used instead of alfalfa, a combined effect may occur. 

4.6. Effect on Economic Benefit 

As can be seen from Table 8, as the proportion of wheat straw replacing alfalfa 
increases, the price per unit of feed decreases. Compared with the control group, 
the additional production benefits of the AL, AM, and AH groups were, respec-
tively, an increase by 3.35 yuan, an increase of 0.03 yuan, and a decrease of 7.56 
yuan. The factor that affects the benefit is milk production. As can be seen from 
Table 4, the effect of diet on the average milk yield of each group was not signif-
icant. The average milk yields of the CG group, the AL group, the AM group, 
and the AH group were 28.13 kg, 29.33 kg, 27.56 kg, and 26.07 kg, respectively. 
There was no statistically significant difference among the groups. However, the 
average milk yield of the AM group and the AH group were numerically smaller 
than the control group, while the average milk yield of the AL group was nu-
merically larger than the control group. In this regard, we believe that the com-
bined effect of dietary formulas may have a greater impact on the lactation per-
formance of dairy cows 4% fat correct milk, energy-corrected milk, and lactation 
net energy were not significantly different between groups. However, the yield of 
the AL group is the largest in numerical value. The feeding efficiency was only 
significantly different between the AL group and the AH group, and the feeding 
efficiency of the AL group was also numerically the largest. Taken together, a 
20% substitution can produce greater economic benefits. 

5. Conclusions 

Under an isocaloric and isonitrogenous condition, the use of wheat straw powd-
er to replace part of the alfalfa in the diet had no significant effect on rumen 
fermentation in dairy cows. Each group can have normal fermentation. As the 
wheat straw powder increases, the feed intake of dairy cows also increases. 
However, there was no significant effect on the apparent digestibility of neutral 
detergent fibers and acid detergent fibers. 

The milk protein percentage and milk fat percentage of the added straw 
powder group were larger than those of the unsubstituted group. If only milk 
production is concerned, replacement of 20% alfalfa with wheat straw powder 
can improve the production performance of dairy cows, resulting in greater 
economic benefits. 
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