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Abstract: An experiment was conducted to investigate the effects of 2 levels of dietary Crude Protein (CP) in
concentrates with similar proportions of Rumen Undegradable Protein (RUP) on rumen metabolism, milk yield
and composition in mid lactating cows in Thailand. Eight 87.5% Holstein=12.5% indigenous multiparous cows
were used in a crossover design with two successive 25 days periods. Diets contained 30% paragrass and 70%
concentrate on a Dry Matter (DM) basis. Concentrate feeds were formulated to provide low dietary CP
(17.3%; L.CP) or high dietary CP (19.04%; HCP). The proportion of Rumen Degradable Protein (RDP) and RUP
was 61 and 39% in both diets. Diets were isocaloric in terms of net energy for lactation. Milk yield, milk lactose
vield, Dry Matter Intake (DMT) and apparent digestibility of DM, CP and Neutral Detergent Fiber (NDF) were
greater in cows fed HCP than in those fed I.CP. Concentration of blood urea nitrogen was elevated in cows fed
HCP diets. Rumen NH;-N concentration and pH tended to increase in cows fed HCP diet. Rumen microorganism
counts and volatile fatty acids levels in the rumen did not differ between treatments. The increasing CP content
in mid-lactating cow was beneficial to increase DMI, apparent digestibility of DM, CP and NDF and therefore

milk yield.
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INTRODUCTION

The majority of forage in the tropics is low in
digestibility and nutrient contents and thus limits feed
intake and milk output in ruminants (Camero and Franco,
2001; Leng, 1990). Consequently, lactating Thai dairy
cows mostly ingest poor quality roughage. Therefore, it
15 common practice in Thailand to reduce the relative
amount of roughage while increasing the proportion of
concentrate 1n order to increase nutrient supply to the
animals (Kanjanapruthipong et af, 2001). The protein
level of the concentrates is important to ensure an
adequate supply of dietary protein m supporting milk
production in the tropics because of low Crude Protein
(CP) content mn typical tropical roughage (Korhonen ef al.,
2002).

Providing sufficient proten to dairy cows depends
on the balance between the availability of mtrogen for
microbial growth in the rumen and mitrogen for productive
functions (Ferguson et al., 1988). At the same intake of
dietary protein, a shortage of Rumen Degradable Protein

(RDP) may reduce microbial growth m the rumen.
Consequently, rumen digestibility (Chalupa, 1984), Dry
Matter Intake (DMI) (Weigel et al., 1997) and microbial
protein synthesis and thus protein flow from the rumen
{Argyle and Baldwin, 198%) may be reduced. Now a days
there 1s a tendency towards an mcrease of dietary protein
supply above NRC requirements (NRC, 2001 ) to optimize
the production of dairy cows under hot and humid
climates. However, experimental data that corroborate this
tendency are scarce. Therefore, the aim of the present
study was to investigate the effect of 2 levels of dietary
CP with equal proportions of rumen RDP and RUP on
digestion, rumen metabolism, blood urea mtrogen, milk
yield and milk composition in mid-lactating cows.

MATERIALS AND METHODS

Animals and feeding: Eight Holstein x Indigenous
(87.5%12.5) multiparous dairy cows with 113+12 Days in
Mlk (DIM) and weighing 469+46 kg were used. The parity
of the cows ranged from 2-5 and the mean was 3 (+1.3).
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The trial had a 25%25 days cross over design with
a 16 days wash out period (Cochran and Cox, 1957). Data
were collected from days 17-25 of each experimental
period. The ammals were randomly assigned to the two
treatments, i.e., a low protein (17%, L.CP) and a high
protemn (19%, HCP) concentrate. The proportions of RDP
and RUP were similar for both concentrates, 1.e., 61 and
39%, respectively. The energy density was the same for
both experimental concentrates (1.7 Mcal NE/kg DM).
Each day, the cows were first fed with concentrates at a
level of 2.1% of Body Weight (BW) in DM and then fed
paragrass (Brachiaria mutica) at a level of 0.9% of BW in
DM. Each feed was offered 3 times per day at 08:00, 14:00,
and 21:00 h Paragrass was harvested at a 45-50 days
interval. Individual feed intakes and refusals were
recorded daily. Concentrate ingredients and the chemical
composition of the feedstuffs are given in Table 1
and 2, respectively. Cows were housed in tied-stalls with
individual feed bins. Animals had free access to water.
Cows were milked by a milking machine twice daily at
06:00 and 15:30 h. The experiment was conducted in the

Table 1: Ingredient composition of the experimental concentrates

Ingredients (%) LCP* HCP
Full fat soybean 7.1 11.5
Cassava chip 30.9 234
Palm kernel cake 11.5 12.0
Saybean meal 1.0 6.0
Kapok seed meal 134 12.0
Whole cotton seed 10.0 10.0
Coconut meal 16.0 15.0
Molasses, sugarcane 5.5 5.5
Urea 0.6 0.6
Mono dicalcium phosphate 1.0 1.0
Sodium bicarbonate 1.5 1.5
Sulphur 0.3 0.3
Magnesium oxide 0.2 0.2
Trace mineral and vitamin mix® 0.5 0.5
NaCl 0.5 0.5

ALCP = Concentrate containing a Low CP content; HCP = Concentrate
containing a High CP content; ®Consists of (per kg) 2 million IU of vitamin
A, 0.40 million TU of vitamin D3, 3,000 TU of vitamin E, 046 g
vitamin K, 10.0 g of Fe, 40 g of Cu, 74 g of Mn, 0.20 g of
Co, 15.0g of Zn, 0.20 g of Tand 0.08 g of Se

Table 2: Chemical composition of the experimental concentrates and grass

Chemical analysis (DM %) LCP* HCP Grass
Crude protein 17.30 19.05 10.67
Rumen undegradable protein® 6.90 7.33 1.28
NDF 5275 51.38 75.94
ADF 19.06 17.75 39.20
Ether extract 8.79 9.45 1.09
Ash 12.16 12.41 13.05
ATA 0.78 0.60 716
NE;. (Mcal kg™ DM) 168 1.71° 1.307
TDN 73.47 T4.67 57.84

ALCP = Concentrate containing a Low CP content; HCP = Concentrate
containing a High CP content; ®Calculated RUP and TDN based on nutrient
compositions of Thai feed table (Angthong et «., 2004; Kanjanapruthipong,
2006; Moran, 2005); “NE, (Mcal kg™! DM) = 0.0245xTDN (%) -0.12
(NRC, 1989); PNE; (Mcal kg'! DM) = 23977 (0.0280xADF%0)
(Ishler et af., 1996)

months of January and February with mean minimum
and maximum temperatures at 21.3+2.4 and 33.142.51°C,
respectively. Mean maximum and mimimum relative
humidity was 96.1+1.1 and 48.6£10.0%, respectively. The
average maximum and minimum Temperature Humidity
Index (THI) was 90.944.2 and 66.943.3, respectively. The
climatic conditions during the study are shown in Fig. 1.

Sampling and chemical analyses: Cows were weighed on
the first and again on the final day of both periods before
morning feeding. Milk yields were recorded from
days 16-24 in each experimental period. Milk samples
{(approximately 30 mL per milking) were collected during
days 22, 23 and 24 at each of the two millangs. Milk
samples were placed m bottles contaiming 0.02%
of 2-bromo-2-nitro-1,3-propanediol and stored at 5°C until
determination of milk composition (fat, protein,
lactose and non fat solids) by infrared spectroscopy
(Bentley, 2000, Agriyork Ltd. UK). Concentrates and grass
were sampled once a week to determine DM content. The
weekly samples were dried at 60°C and were pooled based
on CP content per peried. The pooled samples were
analysed for crude protein, Ether Extract (EE) and ash
according to the Association of Official Analytical
Chemists (AOAC, 1990) procedure and Neutral Detergent
Fiber (NDF) and Acid Detergent Fiber (ADF) following
the method by Van Soest ef al. (1991).

Blood samples, 10 mL were collected from the jugular
vein of each cow at days 23 and 24 of each period at 4 h
after moming feeding. Then, blood samples were
centrifuged for 5 min at 500 g. All serum samples
were stored at -20°C until analysis for Blood Urea
Nitrogen (BUN) concentration by spectrophotometry
(Urease-Berthelot).

Faecal samples from each cow were collected after
the morning feeding on the last day of each period. They
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Fig. 1: The average temperature (°C), Relative Humidity
(RH, %) and Temperature Humidity Index (THI)
during the experimental periods
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were dried in a 60°C forced-air oven and ground in a
Wiley mill to pass through a 1 mm screen Samples
were subsequently analysed for NDF, CP and Acid
Tnsoluble Ash (ATA). The ATA was used as an internal
marker to determine apparent total-tract DM digestibility
(Van Keulen and Young, 1977).

Rumen fluids were collected by means of a
nasogastric tube on day 25 of each period. Whole ruminal
contents (100-200 m1.) were taken 4 h after the morning
feeding. Rumen flud pH was measured immediately by
using pH meter (EC 20, HACH, USA). The rest of rumen
fluid was strained through four layers of cheesecloth.
Two sub-samples were taken from the strained fluid: one
10 mL sample was preserved by the addition of 1 mL of
50% (vol.~vol.) H,8O, for later analysis of ammonia
(NH;-N) and Volatile Fatty Acids (VFAs) and one 9 mL
sample was preserved by the addition of 1 ml of 10%
formalin solution for later analysis of total direct count of
bacteria, protozoa and zoospores (Galyean, 198%). All
ruminal samples were stored at -20°C. Just before analysis,
samples were thawed, centrifuged (15000 g for 15 min) and
analyzed for NH,-N concentration (Bremner and Keeney,
1965) and for VFAs by gas chromatography following the
method modified from Erwin et al. (1961).

Statistical analysis: Milk yield, milk composition, DM
intake, digestibility, BUN, ruminal pH, NH;-N, VFAs and
microbial counts were subjected to ANOVA (SAS, 2001).
Experimental period (fixed) and dietary treatment were
factors (SAS, 2001). Effects were considered sigmficant at
p<0.05.

RESULTS

Body weight, nutrient intake and digestibility: Body
weight was not affected by dietary treatments. Mean BW
at the end of the experiment was 468 kg (SE=13.8, n=8)
which 1s similar to pre-experimental values (p=0.1).
Nutrient intake and digestibilities of DM, CP and NDF are
shown in Table 3. Total DM intake was 0.53 kg day™
higher in cows fed HCP diet than in those fed the T.CP diet
which was mainly caused by the difference in concentrate
intake. However, in contrast with the difference in grass
mtake between the two experimental diets, the difference
in concentrate intake appeared to be non-significant. The
mtakes of CP, RUP, RDP, NDF and NE, were sigmficantly
increased when the cows were fed the HCP diet.
Digestibilities of DM, CP and NDF were mfluenced by
dietary treatments. Cows that were fed the LCP diet had
significantly lower digestibilities of DM, CP and NDF.

Milk production: Effects of dietary treatments on milk
production are shown in Table 4. Cows fed the LCP diet
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Table 3: Intake of DM and selected mitrients and digestibilities of DM, CP
and NDF in cows fed either the Low (I.CP) or the High CP (HCP)

concentrates
Diets

Contents LCP HCP SEM*  p-values
Intake
Total DMI (kg day™) 11.71 12.24 0.37 0.01
Concentrate DMI (kg day™!) 841 8.77 0.35 0.10
Paragrass DMI (kg day™") 3.30 3.48 0.13 0.04
CP intake (kg day™") 1.81 2.04 0.09 <0.01
CP intake (%) 15.43 16.63 0.18 <0.01
RUP intake (kg day™) 0.63 0.69 0.03 0.01
RDP intake ¢kg day™) 1.18 1.35 0.05 <0.01
NE, intake (Mcal day™") 18.41 19.42 0.61 <0.01
EE intake (kg day~") 0.78 0.81 0.03 0.09
NDF intake (kg day™) 6.94 7.16 0.20 0.03
Digestibility (%)
Dry matter 54.88 63.06 2.70 <0.01
CP 63.80 72.22 1.84 <0.01
NDF 61.76 69.02 2,47 <0.01

Table 4: TLactational performance of cows fed either the Low (LCP) or the
High CP (HCP) concentrates

Diets
Contents LCP HCP SEM* p-values
Milk production
Milk yield (kg day™) 12.28 13.31 0.65 <001
3.5% FCM yield (kg day™) 12.50 13.65 0.79 0.24
Fat yield (kg day™) 047 0.49 0.03 0.50
Protein yield (kg day™") 0.36 0.38 0.02 0.21
Lactose yield (kg day ") 0.57 0.62 0.04 0.01
Milk composition
Milk fat (%) 381 3.66 0.19 037
Milk protein (26) 2.94 2.85 0.06 0.22
Milk lactose (%o 4.57 4.62 0.07 0.18
Solid not fat (%6) 8.17 8.13 0.13 0.53

AStandard error of the mean

had a significantly lower milk yield and lactose yield than
those fed the HCP diet. The amount of 3.5% fat corrected
milk and the contents of fat, protein, lactose and non-fat
solids in milk were similar on both CP treatments.

Rumen metabolism and blood urea nitrogen: Effects of
dietary treatments
metabolism and BUN are presented in Table 5. Rumen

on selected indices on rumen
NH.-N cencentrations and rumen pH were similar between
treatments. However, rumen NHs-N
concentrations and pH had a tendency to increase when
were fed the HCP diett Mean BUN
concentrations were significantly higher in cows fed the
HCP diet. The profile of individual VFAs m the rumen

and the acetate to propionate ratio did not show clear

experimental

the cows

differences between the two experimental treatments.
Furthermore, bacteria, protozoa and zoospore counts in
the rumen content of the cows were similar for both
dietary treatments.
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Table 5: Selected indices of rumen fermentation, Blood Urea Nitrogen
(BUN) and rumen microorganisms of cows fed either the Low
(L.CP) or the High CP (HCP) concentrates

Diets
Contents LCP HCP SEM*  p-values
Ruminal metaholism
pH 6.22 6.29 0.04 0.21
NH;-N (mg %0) 2431 28.28 1.46 011
Acetate (%) 65.77 65.75 1.0 0.98
Propionate (%) 23.37 22,73 1.16 0.68
Butyrate (%0) 10.23 10.85 0.43 0.24
Valerate (%6) 0.63 0.66 0.06 0.67
Total VFA (mmol 17! 13847 141.81 5.02 0.82
A/fPE 3.04 2.95 0.20 0.74
BUN (mg dL.™%) 12.23 14.73 0.70 0.01
Rumen microor ganisms
Bacteria (10' cell mL™) 2.20 2.16 017 0.88
Protozoa (10° cell mL™) 5.81 3.78 0.64 0.09
Zoospore (10 cell mL™Y) 1.69 1.48 0.13 0.42

A8tandard error of the mean; 2A/P = Acetate/Propionate
DISCUSSION

Dry matter intake and digestibility: In this experiment,
the mean Temperature Humidity Index (THT) was 77 which
15 above the upper point of 72 for optimal dawry cow
productivity (Ravagnolo et al., 2000). The THI in the
current study indicated that the cows experienced maild
heat stress (THI 72-78) (Armstrong, 1994). Feed intake in
cows with heat stress may be reduced by 8% or
more, thereby negatively affecting milk production
(Kabuga, 1990). In the current study, feed mtake was
lower than the NRC (2001) estimation for these cows, i.e.,
14 and 11% lower for the LCP and HCP treatment,
respectively. However, NRC (2001) estimations of feed
mtake are based on temperate climatological conditions,
it may be suggested that the climatological condition
during the current experiment was at least partly,
responsible for the relative low level of feed mtake. The
lower DMI was likely to reflect the poor quality of
roughage in tropical regions (Leng, 1990). During heat
stress, cows reduce feed intake in particular with high
fiber diets (Kanjanapruthipong et al., 2010). In contrast,
the present study showed that roughage intake was
greater in cows fed HCP diet than those fed .CP. This
high DMI for cows fed HCP diet can be explained in part
by differences in apparent DM, CP and NDF digestibility
between diets. This 13 in agreement with other studies
(Blauwiekel and Kincaid, 1986; Jones-Endsley et al., 1997).

In the current study, DM, CP and NDF digestibility
were increased by 15, 13 and 12%, respectively when the
HCP diet was fed. This observation i1s corroborated by
Tyrrell et al. (1981), Weigel et al. (1997) and Kendall et al.
(2009) whom observed an increased nutrient digestibility
when the dietary CP content was raised from 11 to about
18% (DM basis). Concentration of ruman microbial yield
did not differ between cows on HCP and LCP. This result
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on digestibility was in agreement with earlier reports in
sheep that the increasing levels of concentrate m the diet
resulted in increased total tract apparent digestibility of
DM, organic matter and CP and similar microbial
population (Ramos et al., 2009).

Milk production and milk composition: An increase in
dietary CP mntake may affect milk yield by increasing the
availability of NH,, peptides and amino acids for microbial
growth in the rumen (Bequette ef ., 1998). Providing
adequate protein to dairy cows increases milk production
under tropical conditions (Promma et af, 2002).
Supplementing diets with CP increased DMI and as a
consequence also milk yield (Reynal and Broderick, 2003).
Similar results were observed in the present study, cows
on the diet containing HCP produced more milk than
those fed the L.CP diet. The responses of milk yield agree
with higher intakes of NE; (+2.12 Mcal) and CP (+220 g)
intake than recommended by NRC (2001). Promma et al.
(2002} suggested that for dairy cows in tropical ambient
conditions the energy and CP intake should be 20%
higher than the NRC recommendation for dairy cows in
moderate climatic condition. Similarly, Kalscheur et al.
(2006) showed that cows fed a high RDP supplement
(11% RDP, 17% CP) produced more milk yield than cows
on a low RDP supplement diet (8.2% RDP, 14% CP). In
contrast, supplemental CP at a higher level did not affect
milk composition in the current study. This observation 1s
in line with the results reported by Reynal and Broderick
(2003} and Mulligan et al. (2004).

Rumen metabolism and blood urea nitrogen: When CP
intake exceeds the requirements for microbial growth or
when there is an insufficient supply of fermentable
carbohydrates for microbial growth, there 1s a potential for
Nitrogen () loss from N surplus in the form of ammoma
(Kim et al., 2000, Agle et al., 2010). In this study, rumen
NH,-N concentration (p = 0.1) tended to mcrease in cows
fed HCP diet. However, these rumen NH;-N
concentrations (24.31-28.28 mg dL™") were in line with
results of earlier studies indicating that the optimum
rumen NIH;-N should be between 10-30 mg dL ™" for rumen
fermentation on low-quality roughage (Khampa and
Wanapat, 2006, Chanjula ef al., 2004). As a consequence
of increased rumen NH.-N, NH,-N will be converted to
urea. In general there 15 a positive correlation between
rumen NH,;-N and BUN concentration (Odensten et al.
2005; Ropstad et al. 1989). The current study also showed
that BUN in cows fed HCP diet was higher than those fed
LCP diet. However, BUN concentration in cows fed HCP
diet was still in the normal range. The optimal BUN
concentration ranges from 12-17 mg dL™" according by
Baker et al. (1995).



J. Anim. Vet Adv., 13 (1): 9-14, 2014

CONCLUSION

It can be concluded that DMI and therefore milk
production in mid-lactation cows under hot and humid

conditions could be increased by increasing CP content
higher than the CP level recommended by NRC (2001).
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