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ABSTRACT

In addition to shortage of feed, it is well documented worldwide that imbalanced nutrition is a major factor responsible for low livestock productivity. Balanced nutrition contributes to improving animal output as well as to reducing both the cost of production and the emission of nutrients and greenhouse gases per unit of animal product. This paper provides an illustration of balancing rations for a lactating dairy cow in early pregnancy. Balancing was based on the digestible crude protein (dCP) and metabolisable energy (ME) content of commonly used feed and on dCP and ME requirements of lactating cows for milk production and maintenance. Calculations revealed that balanced feeding should allow for increased milk production and a decrease in the cost of feeding. The milk production efficiency (Fat Corrected Milk yield/feed dry matter intake) for cows before and after ration balancing were 0.79 and 1.1 kg/kg respectively, implying that balancing diets should allow for more milk to be produced from one kg of feed. Further optimisation should be envisaged through distinction of the dCP into digestible rumen bypass protein, rumen degradable protein and microbial protein synthesis in the rumen.
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INTRODUCTION

To meet the future demand, production of milk and meat, including milk production per lactating cow and daily weight gains for meat animals would need to be increased significantly if the available feed resources are to be sufficient.

Feed shortages notwithstanding, considerable potential exists to increase production levels by addressing the problem of imbalanced nutrition. The limited data on improving milk production efficiency in dairy animals through balanced feeding suggests that there is considerable scope for the enhancement of milk production with the existing feed and animal resources. 

With this paper we aim to illustrate the benefit of feeding a balanced ration in terms of efficiency of resource utilization.

MATERIALS AND METHODS

For the current illustration, a case was considered of a dairy farm in the neighborhood of Ho Chi Minh City. The cows were hand fed elephant grass (Table 1) which daily was cut, carted from the field and put through a chopper. Elephant grass was fed ad libitum. Concentrates were provided in the form of brewer’s grains and cassava meal along with a commercial compound feed. Three different batches of this compound feed were available, with a similar proximate chemical composition (Table 1) but slightly varying in ingredient proportions, depending on the availability and price of the ingredients (Table 2). Concentrates were fed relative to the animal’s milk yield at a rate of 0.43 kg per kg of milk produced, in following proportions: 0.115 kg cassava meal, 0.115 kg brewer’s grain and 0.2 kg commercial compound feed. The farmer possessed of Holstein-Friesian cows with a live weight of 600 kg and he aimed at a daily production of 15 kg of milk per cow. 

Table 1. Proximate chemical composition and nutritive values of dietary compounds

	
	MJ/kg DM
	g/kg
	g/kg DM

	
	ME
	DM
	CP
	NDF
	ADF
	EE
	Ash
	dOM
	dCP
	FOM
	RDCP
	dBPCP

	Elephant grass
	8.75
	212
	78.0
	739
	404
	25.2
	129
	614
	44.7
	559
	29.9
	14.7

	Cassava meal
	11.2
	897
	26.6
	123
	47.7
	20.8
	16.3
	683
	17.8
	683
	17.8
	0.0

	Brewer’s grain
	9.66
	224
	304
	537
	196
	64.8
	45.1
	619
	233
	481
	173
	59.3

	Compound 1
	13.0
	912
	201
	194
	63.0
	62.0
	81.3
	832
	172
	593
	744
	22.2

	Compound 2
	13.0
	912
	196
	194
	63.0
	62.0
	81.3
	868
	166
	605
	583
	51.4

	Compound 3
	13.0
	912
	196
	194
	63.0
	62.0
	81.3
	821
	168
	609
	865
	0.0


dOM = digestible organic matter; dCP = digestible crude protein; FOM = rumen fermentable organic matter; RDCP = rumen degradable crude protein; dBPCP = digestible rumen by-pass crude protein

Table 2. Ingredient composition of the different concentrate batches (g/kg)

	
	Rice bran
	Corn powder
	Cassava powder
	Fish meal
	Urea
	Groundnut cake
	Salt

	Compound 1
	250
	435
	190
	100
	20
	0
	5

	Compound 2
	150
	435
	200
	210
	0
	0
	5

	Compound 3
	250
	435
	180
	0
	20
	110
	5


Metabolisable energy (ME) and digestible crude protein (dCP) were available in consulted Vietnamese databases (Parsons et al., 2012) or were derived based on the composition of the compound feed with ME and dCP values obtained from Feedipedia. Rumen fermentable organic matter (FOM) and rumen degradable protein (RDCP) were not available in the consulted Vietnamese databases. RDCP (g/kg DM) was calculated from the feedstuff’s CP content and rumen N degradability values (assuming a fractional rumen outflow rate of 0.04/h) from Feedipedia. FOM (g/kg DM) was calculated as the amount of digestible organic matter (faecal digestibility as obtained from Feedipedia) minus ether extract, bypass crude protein and bypass starch (all expressed in g/kg DM) (Tamminga et al., 1994). Digestible bypass crude protein (dBPCP) (g/kg DM) is estimated as dCP (g/kg DM) minus RDCP (g/kg DM). The content of protein digestible at the level of the small intestine (dCPSI, g/kg DM) was estimated as microbial protein digestible in the small intestine (calculated as FOM x 0.15 x 0.85 x 0.75) plus dBPCP. Requirements of ME and dCP were estimated from the Belgian-Dutch energy (Van Es et al., 1978) and protein (Tamminga et al., 1994) evaluation system, respectively.

RESULTS AND DISCUSSION

In the standard approach, applied at the farm, the amount of concentrate supplied was based on the milk yield (0.43 kg/kg milk). Efficient use of resources, however, requires a balanced supply of nutrients. At first, energy (in terms of ME) and protein (in terms of dCP) supply should be balanced, as these two parameters predominantly should be used to determine the characteristics and amount of compound feed to be supplied. As illustrated in Table 3, in the standard approach, ME and dCP were not supplied in a balanced way, resulting in a shortage of dCP in comparison with ME. It is unlikely that the cow would be able to fully compensate for the lack of dCP by increasing DMI as the latter is particularly limited by outflow rate from the rumen and rumen fill. A simplified approach to assess potential DMI is illustrated in Table 4, which reveals the required DMI to fulfil dCP-requirements (21.7 kg/d, Table 3) largely exceeds the potential DMI of this diet (12.64 kg/d, Table 4). Using the ‘excel-solver’ function, a maximum total DMI of 15.0 kg/d, including 8.55 kg/d of elephant grass could be calculated, which would provide dCP to support 11.8 kg/d of milk (in contrast to the daily production of 15 kg the farmer aimed for).

Table 3. Dry matter intake, ME and dCP supply from different feedstuffs used in the standard approach and illustration of the energy-protein imbalance.

	
	Compound1
	Brewer’s grain
	Cassava meal
	Requirements (incl. endoge-nous losses)
	( to be fulfilled by elephant grass
	Amount of elephant grass required (kg/d)
	Tot. DMI (kg/d)

	ME (MJ/d)
	39.0
	16.7
	19.3
	135
	60.3
	6.9
	13.3

	dCP (g/d)
	603
	524
	45.9
	1630
	975
	15.3
	21.7


Table 4. Simplified approach to assess maximum DMI based on rumen NDF fill and ouflow rate, for a dietary composition which theoretically fulfils either ME- or dCP requirements as outlined in Table 3.

	GENERAL ASSUMPTIONS

	Rumen volume
	Rumen DM
	Rumen NDF
	NDF diet (g/kg DM)
	NDF disap. (%/h)1

	% of BW
	kg
	g/kg
	kg
	g/kg DM
	kg
	Conc.2
	Rough.2
	Conc.2
	Rough.2

	15
	90
	125
	11.25
	500
	5.625
	262
	739
	7.0
	5.0

	DIET SPECIFIC CALCULATIONS

	Dietary NDF (g/kg DM)
	NDF disap. (%/h)1
	Total NDF disap. (kg/d)
	Maximum DMI (kg/d)

	ME-based
	dCP-based
	ME-based
	dCP-based
	ME-based
	dCP-based
	ME-based
	dCP-based

	508
	597
	5.97
	5.59
	8.06
	7.55
	15.85
	12.64


1 NDF disappearance = assuming an outflow rate of concentrate NDF and roughage NDF of 5 and 3.5%/h, respectively and a fermentation rate of concentrate NDF and roughage NDF of 2 and 1.5%/h, respectively

2 Conc. = concentrate; Rough. = roughage

Irrespective of whether or not the animal could (partially) compensate for a nutrient shortage by increasing its intake, imbalanced diets provoke an inefficient use of resources (e.g. in this case, excess of ME). Hence, at first, a choice of the type of concentrate ingredients to be included in the ration has to be made based on the dCP/ME-ratio as compared with the dCP/ME-requirements (Table 5). The available roughage (elephant grass) clearly showed a lack of dCP and hence, should be supplemented with e.g. brewer’s meal, whereas cassava meal did not seem of any value in this respect. The available compound feed was well-balanced in terms of dCP and ME to support milk production, with 3 kg providing ME and dCP to support 7.7 kg milk/d. 

Table 5. dCP/ME (g/MJ) of the various available feed resources as compared with requirements

	Elephant grass
	Brewer’s grain
	Cassava meal
	Compound1
	Maintenance
	Milk production
	Total requirements

	5.11
	24.1
	1.59
	13.1
	10.6
	13.1
	12.0


To further support requirements for maintenance and milk (7.3 kg/d = 15.0 minus 7.7), daily 96.2 MJ ME and 1116 g dCP were required, which could be expressed in milk equivalents (Table 6). Similarly, the ME and dCP content of elephant grass and brewer’s grain could be expressed in terms of milk equivalents (Table 6), which indicated 1 kg of elephant grass contained enough energy to produce 1.72 kg of milk equivalents, but is limited by its content of dCP, which only allowed for the production of 0.67 kg of milk equivalents. Vice versa, dCP in 1 kg of brewer’s grain supported 3.48 kg of milk equivalents, but its ME content only allowed for 1.90 kg of milk equivalents.

In order to balance the basal diet, following equations could be developed to fulfil both ME and dCP requirements:

18.92 = (x*1.72 + (1-x)*1.90( * y and 16.71 = (x*0.67 + (1-x)*3.48( * y, with y = total amount of basal diet (kg/d), x = proportion of elephant grass in the basal diet and 1-x = proportion of brewer’s grain in the basal diet. Elaborating both equations allowed to determine x and y: x = 0.68 and y = 10.63 kg/d. Accordingly, intake would consist of 7.22 kg elephant grass, 3.41 kg brewer’s meal and 3 kg compound feed. Hence, the same amount of concentrate as supplied in the standard approach effectively would allow for 15 kg of milk production when the appropriate concentrate feed is chosen. Moreover, since the total DMI equals 13.63 kg/d, feed conversion efficiency (1.1 kg of milk per kg DMI = 15.0/13.63) largely exceeded the conversion efficiency which could be reached using the standard approach (0.79 kg of milk per kg DMI = 11.8/15.0). Additionally, voluntary intake might have been higher, supporting increased milk yields.

Table 6. Milk equivalents (kg milk/d) to fulfil ME and dCP requirements from the basal diet, consisting of elephant grass and brewers’ grain as well as milk equivalents provided by the ME and dCP content of 1 kg of elephant grass and brewer’s grain (kg milk/kg DM)

	Elephant grass
	Brewer’s grain
	Requirements

	ME
	dCP
	ME
	dCP
	ME
	dCP

	1.72
	0.67
	1.90
	3.48
	18.92
	16.71


However, protein that really can be utilised is only that part of the dCP which is absorbed from the small intestine as amino acids. In this respect, the dCP-system has serious limitations as it does not indicate to which degree the CP in a feedstuff is degraded in the rumen, nor does it take into account microbial protein synthesis in the rumen. Nevertheless, CP that is degraded in the rumen and lost as ammonia (NH3) and subsequently converted to urea in the liver, can not be utilised by the animal. Accordingly, in many countries more sophisticated systems describing the digestion and metabolism of N in a more detailed way than the dCP-system have been introduced. The impact of such a more advanced protein characterisation on diet formulation and feed utilisation efficiency is illustrated in the next part of the paper.

Two different components contribute to the dCPSI-value (Table 7), i.e. the undegraded feed CP digested in and absorbed from the small intestine as amino acids (dBPCP) and the microbial CP digested in and absorbed from the small intestine (dMCP). Despite a similar dCP of all three compound feeds, dCPSI largely differs due to variation in the extent of rumen degradability of the CP-sources included in the compound feed batches. Indeed, the greater proportion of fish meal included in the second batch of compound feed, resulted in a larger proportion of rumen bypass protein, whereas the major part of the dCP of the third batch of compound feed is degraded in the rumen. Accordingly, the latter diet resulted in a relatively important difference between the amount of microbial protein potentially synthesised from the available RDCP (96.5 g/kg DM) and that potentially produced from the energy extracted during anaerobic fermentation in the rumen (82.5 g/kg DM). This difference would result in a loss of N from the rumen. On the other hand, the diet containing compound feed 2, resulted in a well-balanced provision of RDCP and rumen fermentable organic matter (FOM), resulting in an almost equal amount of microbial protein potentially synthesised from the available RDCP (84.4 g/kg DM) and that potentially produced from the energy extracted during anaerobic fermentation in the rumen (82.4 g/kg DM) and hence, only in minor N losses from the rumen. Nevertheless, it should be noted that none of the currently proposed diets fully covered the dCP-requirements (Table 7). Hence, a similar diet formulation approach as described before for dCP and ME, but aiming at balancing both ME- and dCPSI-requirements should allow to further optimise the dairy cattle ration. 

Table 7. The content of protein digestible at the level of the small intestine (dCPSI, g/kg DM) of the different feedstuffs included in the diet as well as the coverage of the dCPSI-requirements, which depends on the choice of compound feed included in the diet. 

	Elephant grass
	Brewer’s grain
	Com-pound 1
	Com-pound 2
	Com-pound 3
	dCPSI-requirement coverage (%)

	
	
	
	
	
	Compound 1
	Compound 2
	Compound 3

	68.2
	105.2
	79.0
	109.3
	58.2
	85.8
	92.9
	80.8


CONCLUSION
Formulation of balanced diets might provide a tool towards more efficient use of local feed resources. This requires knowledge on how much and what type of feeds are likely to be available; having information on their nutritive characteristics; understanding the animal’s nutrient requirements for particular purposes; and integration of this information to design feeding strategies.
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