Tournal of Animal and Veterinary Advances 11 (24): 4678-4683, 2012

ISSN: 1680-5593
© Medwell Journals, 2012

Responses in Milk Yield, Milk Composition and Rumen Fermentation in
Lactating Cows Receiving a Corn Straw or Mixed Forage Diet

L2 Weng Xiuxiu, “Bu Dengpan, 'Li Fadi, *Zhang Yangdong and "*Wang Dandan
"Faculty of Animal Science and Technology, Gansu Agricultural University,
Lanzhou Gansu, P.R. China
*State Key Laboratory of Animal Nutrition, Chinese Academy of Agricultural Sciences,
Institute of Animal Science, Beijing, P.R. China

Abstract: An experiment was conducted to investigate responses in milk production, milk composition and
rumen fermentation of dairy cows receiving a com straw or mixed forage diet. Ten primiparous and rumen-
canmulated Holsten dairy cows averaging 127+13 days in milk (mean+SD) were randomly assigned to CS (37.1%
cormn straw as sole forage) or MF diet (3.7% Chinese wildrye+28.4% alfalfa hay+26.5% corn silage as mixed
forage). Feed mtake, body weight, body condition score and milk production were momtored. Milk fat, protein,
lactose and total solids were analyzed by near-infrared analysis. Samples of rumen fluid were collected via
canmila every 6 h over a 72 h duration to analyze pH, ammonia-N and VFA concentrations. Results showed that
cows fed MF diet significantly increased dry matter intake (p<<0.01) as well as yields of milk (p<0.05), 4% FCM
(p=<0.01), milk fat (p<<0.05), lactose (p<0.035) and total solids (p<0.05). Cows fed MF diet had higher (p<<0.01)
ruminal acetate concentrate and ratio of acetate to propionate and lower concentrations of ammonia-N (p<0.01),
propionate (p<<0.05), butyrate (p<0.01), isobutyrate (p<0.01), valerate (p<t0.01) and isovalerate (p=<0.01) than cows
fed CS diet. Collectively, these results suggest that cows fed MF diet improve DMI and milk production. In
addition, cows fed CS3 diet had minor differences in rumen pH and total VFA concentration which may suggest
that com straw played an important role m maintaimng rumen function when cows were fed thus higher

concentrate diet.
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INTRODUCTION

Tt has been known for many vyears that various
dietary factors such as forage to concentrate ratio and
forage types (Muwphy et al, 2000) can affect rumen
fermentation and consequently milk production and
composition. According to Anonymous (2010) for 2009
the average milk fat and protein contents of China cattle
milk were 3.1 and 2.8%, respectively which were far below
the levels of United Stated (3.5 and 3.1%, respectively)
and New Zealand (4.5 and 3.7%, respectively). The most
striking difference between those results is forage quality.
In China, crop straw resources are very plentiful,
producing >700 million tons of crop straw in a year. The
main crop straw 1s corm straw, accounting for >30% of
total crop straw. Corn straws are widely used as main
roughage sources for most dairy farms in China. A major
constraint of comn straw for livestock production 1s poor
nutrient quality. Hence, ruminants consuming low quality

corn straw sometimes are given intensive concentrate.
However, 1n the Umted States alfalfa 1s used as a basic
component in feeding programs for dairy cows. Known as
Queen of Forages, alfalfa provides highly nutritious
forage in terms of protein, vitamins and minerals for
ruminant animals.

In addition, a survey carried out in Heilongjiang and
Liaoning province mn the second half year of 2006 in China
showed that compared with cows fed com straw as
sole forage, rolling herd average milk yield (kg), milk fat
percentage (%) and milk true protemn content (%) of
cows fed alfalfa, Clhunese wildrye and cormn silage as mixed
forage were improved by 52.9, 19.0 and 7.9%, respectively
(Yu, 2007).

This study was designed to identify if significant
differences in milk production and composition were due
to differences m rumen metabolism of different forage
quality diets as a basis for explaining why milk fat and
protein levels in China are lower compared with United
States.
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MATERIALS AND METHODS

Management of animals: Ten primiparous, lactating
Holstem cows (127+13 days, Day m Milk (DIM)+SD)
fitted with rumen cannulae were used in this experiment.
Duration of experiment was 9 weeks with a 2 weeks
adaptation period. Throughout the experimental period,
cows were housed in a tie-stall bam and fed mdividually
and water was available ad libitum. They were milked at
0430 and 1530 h and fed a TMR twice a day at 0700 and
1900 h. Daily intakes of feed were assessed during
the 2 weeks adaptation period and these daily intakes
were re-evaluated during experimental period to enable
cows to refuse at least 500 g DM/kg DM of feed offered.
Animal care and procedures were approved and
conducted within standards of the Institute of Ammal
Science, Chinese Academy of Agricultural Sciences,
Beijing, China.
Diets: Diets were formulated to meet nutrient
requirements for a 550 kg mature cow producing
20 kg day ' of milk containing 3.5% of milk protein and
4.5% of milk fat according to the Feeding Standards of
Dairy Cattle, China Nong Ye Hang Ye Biaozlum/Tuijian-34
(China NY#A34, 2004). Treatments were: Corn Straw (CS):
37.1% of comn straw as the only roughage and 62.9% of
concentrate, Mixed Forage (MF): 58.6% of mixed forage
(3.7% Chinese wildrye + 28.4% alfalfa hay + 26.5% com
silage) and 41.4% of concentrate. Ingredients and
chemical composition of diets used in this study are
presented in Table 1. Increasing the proportion of
concentrate mixture in C3 diet increased the dietary crude
protein from 16.67-18.48%. The CS and MF diets had
forage to concentrate ratios of 40:60 and 60:40,
respectively.

Sample collection and analysis: Feed intakes and orts
were recorded daily. Samples of TMR and orts were
collected twice a week and frozen at -20°C for DM
analysis at 65°C for 48 h. Dried dietary ingredients were
ground to pass through a 1 mm screen using a lab mill
(ZM200, Retsch, Haan, Germany) and analyzed for
concentrations of CP, Ether Extract (EE), calcium,
phosphorus  (AOAC, 2000), NDF and ADF
(Van Soest et al., 1991). Net Energy of lactation (NE, ) was
determined based on chemical composition and 24 h gas
production of TMR (Menke and Steingass, 1988). Dry
matter concentration was determined after drying samples
at 105°C for 6 h and all chemical analyses were expressed
on DM basis.

Body Weight (BW) and Body Condition Score (BCS)
were determined at beginning and end of experiment.
Cows were weighed before morning feeding. BCS was

Table 1: Ingredient and nutrient composition of Corn Straw (C8) and

Mixed Forage (MF) diets
Treatment

Items [ MF
Ingredient (g/100 g of DM)
Chinese wildrye - 370
Com straw 3710 -
Alfalta hay - 2840
Corn silage - 26.50
Concentrate mixture' 62.90 41.40
Nutrient composition (g/100 g of DM)
DM 54.47 55.78
NE, (Mcal/kg of DM?) 1.48 1.52
CP 18.48 16.67
NDF 41.01 44.18
ADF 21.15 26.06
EE 1.58 2.24
Ca 0.89 0.82
P 0.21 0.31

!Concentrate mixture was composed of corn, soybean meal, wheat bran,
cottonseed, calcium hydrophosphate, limestone, NaCl, trace mineral and
vitamin premix (vitamin A, vitamin D and vitamin E); NE; = Net Energy
for Tactation, determined based on chemical composition and 24 h gas
production of feeds (Menke and Steingass, 1988)

obtained using a 5 pomnt system described by
Wildman et ol (1982). Milk yield of each cow was
recorded at each milking. Milk samples from a.m. and p.m.
milkings were taken twice a week and stored at 4°C with a
preservative until analyzed for fat, protein, lactose and
total solid by near-infrared analysis using the Milk-O-
Scan 133B (Foss Electric, Hillerod, Denmark).

Samples of ruminal fluid were collected via cannula
every 6 h over a 72 h duration starting on day 37 of
experiment period to account for diumal variation.
Subsamples of rumen fluid were collected n equal
proportions from cramal dorsal, cranial ventral, caudal
dorsal, caudal ventral and central rumen regions and
combined to form one sample. Rumen pH was measured
immediately at each sampling time using a SevenGo™
pH-3G2 PH meter (METTLER TOLEDO, Shanghai, China).
Rumen fluid samples were strained through four layers of
cheese cloth and frozen at -20°C until further analysis.
Ammonia hitrogen concentration of rumen fluid samples
was determined using method described by Broderick and
Kang (1980). Concentrations of Volatile Fatty Acid (VFA)
were quantified by gas chromatography (Agilent 6890N)
with a 15 m capillary column (0.32 mm 1.d., Agilent
DB-FFAP) and a flame 1onization detector.

Statistical analysis: Data were analyzed using MIXED
Models of SAS Institute (2003) (Version 9.0, SAS Tnstitute
Inc., Cary, NC) with repeated observations. Fixed effects
included treatment, sampling time and treatment x time
interaction. Cow was considered as random variable.
Significance level was declared at p<<0.05. Trends for
significance were declared at p = 0.05-0.10.
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RESULTS AND DISCUSSION

Feed intake, BW and BCS: As shown in Table 2, there
were no sigmficant differences in BW and BCS between
the two dietary treatments (p=0.03). Cows fed MF diet had
higher Dry Matter Intake (DMI) than cows fed CS
diet (20.4 vs. 18.5 kg day™; p<0.01).

Milk yield and composition: Milk production data are
presented in Table 2. Cows fed CS diet produced less milk
(p=10.05), 4% fat corrected milk (FCM, p<<0.01), fat (p<0.05),
lactose (p<t0.05) and total solids (p<0.05) by 12, 15,16, 12
and 12%, respectively, compared with cows fed MF diet.
Milk protein yields (kg/day) as well as proportions of milk
fat, protein, lactose and total solids (%) did not differ
between the two dietary treatments (p=>0.05).

Rumen fermentation parameters: Relative to MF
treatment, the CS treatment had increased (p<0.01)
concentration of ammonia-N (Table 3). There were no
treatment effects on mean rumen pH and total VFA
concentrations (p>=0.05). Feeding CS diet decreased
(p<0.01) molar proportion of acetate and acetate to
propionate ratio by 7 and 17%, respectively and increased

Table 2: Effect of dietary treatments on BW, BCS, DMI, milk yield and
composition of milk components

Treatment

Ttems C8 MF SEM p-value
BW (kg) 523.00  547.00 9.750 0.1100
Body Condition Score (BCS) 2.78 2.88 0.063 0.3100
DMI (kg/day) 18.50 20.40 0.360 0.0063
Yield (kg/day)

Milk 18.70 21.20 0.570 0.0150
4% FCM 20.50 24.10 0.710 0.0079
Fat 0.87 1.04 0.039 0.0150
Protein 0.76 0.81 0.025 0.1700
Lactose 0.88 1.00 0.031 0.0230
Total solid 2.67 3.04 0.084 0.0150
Composition (%)

Fat 4.69 4.91 0.210 0.4900
Protein 4.05 382 0.073 0.4600
Lactose 4.68 4.72 0.031 0.4300
Total solid 14.33 14.33 0.260 0.9900

Table 3: Effects of dietary treatments on rumen fermentation parameters

Treatment p-value

Ttems C8 MF SEM _ Trt Time _Trt x time
Rumen pH 612 601 0045 01400 <0.0001 0.1600
Ammonia (mg/dL) 3645 23.02 1.320 <0.0001 <0.0001 0.0007
Rumen VFA

Total VFA (mM) 10680 107.10 1.830 0.9100 <0.0001  0.0360
Acetate (%) 6580 70.70 03540 0.0002 <0.0001  0.0091
Propionate (%) 23.00 2050 0550 0.0130 <0.0001 <0.0001
Butyrate (%0) 600 490 0130 0.0003 <0.0001 0.0069
Iscbutyrate (%) 0.60 040 0015 <0.0001 <0.0001 0.1900
Valerate (%0) 190 1.60 0037 0.0001 =0.0001 0.2200
Isovalerate (%6) 270 2,00 0055 <0.0001 <0.0001 0.1700
Acetate: propionate 2.88 347 0.100  0.0041 <0.0001  0.0005

molar proportions of propionate (p<0.05), butyrate
(p<0.01), isobutyrate (p<0.01), valerate (p<0.01) and
1sovalerate (p<0.01) by 11, 18, 33, 16 and 26%,
respectively. Time of sampling significantly (p<0.01)
altered rumen pH, ammonia concentrations, total VFA
concentrations, molar proportions of acetate, propionate
and butyrate as well as the acetate: propionate ratio.

Postprandial changes in rumen pH, ammoma
concentrations and molar concentrations of acetate,
propionate and butyrate are presented in Fig. la-e.
Following morming feeding (0700 h) rumen pH for both
treatments sharply decreased within first 3.5 h and then
showed a gradual increase up to near pre-feeding level.
Time between evening feeding (1900 h) and rumen pH
nadir was longer with CS treatment. At 0830, 1230 and
2230 hrumen pH was significantly higher for CS treatment
relative to MF treatment (p<<0.05). Rumen ammonia-N
concentrations in both diets peaked at 1030 h during
diurnal samplings and peaked at 2030 h during nocturnal
samplings. Lowest rumen ammomnia-N concentrations for
both diets were observed at 1630 h. Among sampling
times, rumen ammonia concentrations in CS treatment
were all observed significantly higher than MF treatment
(p<0.05). Changes in pattern of acetate, propionate and
butyrate over sampling times were similar. In both
treatments VFA concentrations peaked at approximately
1.5 h after morming feeding (Fig. lc-e). Time between
evening feeding and maximum VFA concentrations was
longer with CS treatment.

DMI: Effects of forage source and level on DMI in
rumineants have been studied before (Galyean and Defoor,
2003). Based on their results, percentage of neutral
detergent fiber supplied by forage in diets can be used to
predict effects of forage source and level on DMI in
feedlot cattle with very different rations. Biological
reasons for changes in DMI associated with changes in
roughage source and level are not understood fully. Most
available literature pomnts to digestibility and rate of
ingesta passage and physical fill as primary mechanisms
of intake regulation in ruminants (Waldo, 1986; Allen,
1996).

Alfalfa hay 1s a legume that serves as a source of
protein and fiber in dairy cattle rations. According to
survey of Mowrey and Spain (1999), about 62% of dairy
cows relied on alfalfa hay in the United States. As alfalfa
hay inclusion rate i diets increased from 0-21%, DMI of
dairy cattle tended to increase lmearly (Mullins ef af.,
2009). Improvement in intakes of low quality barley straw
as a result of supplementation with alfalfa hay has also
been reported m beef diets by Preston and Parra (1581).
Higher DMI observed in this study for MF treatment was
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Fig. 1: Effects of dietary treatments on; a) rumen pH; b) rumen ammeonia N (mg/dlL); ¢) acetate (mM); d) propionate (mM);

e) butyrate (mM). *p<0.05; **p<0.01

probably a result of a lower filling effect of the alfalfa hay
due to a faster rate of digestion and passage from the
rumen (Jung and Allen, 1995).

Rumen fermentation: Tn this experiment an unexpectedly
higher mean rumen pH was observed in CS treatment
compared with MF treatment (6.12 vs. 6.01; Table 3)
as CS diet contained more concentrate. Part of the
reason for this might mtrinsic buffering capacity of dietary
fiber which affects rumen buffering. Corn silage has a
lower intrinsic buffering capacity than alfalfa silage
(McBurney et al., 1983), facilitating a lower rumen pH.
Moreover, Haaland et al. (1982) showed that ruminal
ammonia could neutralize about 10-15% of total VFA
production and higher ruminal ammonia concentrations
are often associated with a igher ruminal pH and ruminal
buffering capacity. In the experiment, cows fed CS diet
produced 37% more ammonia than that of MF treatment
which may explain unanticiapted results. This also
indicated that moderate levels of corn straw may be
beneficial for ruminal function in high concentrate fed
dairy cows. More research is required to understand
mechanmsms of rumen microorganisms’ adaptation to corn
straw with a high concentrate diet.

The pH nadir occurred at time 3.5 h after morning
feeding which was comparable with result found by
Zebeli et al. (2008). Time between everung feeding
(1900 h) and mumen pH nadir was longer with CS treatment
which reflected that low rumen pH may have been
affected more by forage fermentation rather than
concentrate fermentation (Van Vuuren ef al., 1986).

Rumen ammonia-N concentration peaked in the
morning when pH was at its lowest level wlich was
probably the result of considerable eating activity after
the morning feeding. Cows fed CS diet had a higher
ruminal concentration of ammonia than those fed MF diet
{(36.45 vs. 23.02 mg dL.7'; Table 3) which was due to a
higher diet protein content and substantial degradation
of diet protein in the rumen. Reduced ammonia-N
concentration in cows fed MF diet may indicate a higher
microbial efficiency by rumen microorganisms related to
increased fractional passage rates that usually occur upon
higher DMT levels (Dijkstra et al., 2002; Suarez ef al.,
2007).

Time between evening feeding (1900 h) and maximum
VFA concentrations was longer with CS treatment which
was also congistent with pH results across sampling
times. Ruminal volatile fatty acid accumulation could
cause ruminal pH to decline. Ruminant diets based on
roughage, especially those rich in  structural
carbohydrates are known to produce high molar
proportion of acetate and consequently increase acetate
to propionate ratio (Bannink et al., 2006). In line with
those observations, cows fed MF diet contaimng more
fiber produced more concentration of ruminal acetate in
this study. Also, molar proportions of propionate and
butyrate were higher i cows fed higher concentrate CS
diet. However, rumen ecologies were generally similar
between dietary treatments because there were not
significant differences in mean value of rumen pH and
total VFA concentration.

Milk yield and composition: Changes inmilk fat vield with
changes in forage type in this study can be explained by
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changes in rumen fermentation patterns. Increased milk fat
content and yield in MF diet was directly related to higher
acetate content and ruminal acetate: propionate ratio.
Acetic acid 1s the principal substrate for lipogenesis and
propionic acid is the only glucogenic VFA. Response in
milk yield may have been due to significant difference in
DMI between two dietary treatments. Martin and Sauvant
(2002) reported a relatively high correlation between DMI
and milk yield in mid and late lactation cows, suggesting
importance of DMTI as a driving force in milk production.
High feed intake 1s essential for dairy cows achieving high
production and mamtaimng their prolificacy.

CONCLUSION

These results showed that cows fed MFE diet
improved DMI and milk production. Reduced ammonia-N
concentration in cows fed MF diet may indicate a higher
microbial efficiency by rumen microorganisms. In addition,
Cows fed CS diet had minor changes i rumen ecologies
which may suggest that comn straw played an important
role in maintaining rumen function when cows were feda
high concentrate diet.
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