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ABSTRACT. A dairy cattle least-cost
ration formulation and evaluation tool
for smallholders was developed using
Microsoft® Excel. The tool has three modules
namely ingredients, least-cost and feed
evaluation. The feed database contains
nutritive values of feed ingredient samples
collected from dairy smallholders in
Peninsular Malaysia. The least-cost module
formulates a least-cost feed based on animal/
milk parameters provided. The information
generated by the tool was verified using
published data and NRC models for dairy
cattle. As the feed ingredients availability
and cost vary between locations, the farmer
can use this tool to effectively formulate
feed at the lowest cost. The tool also
enables the evaluation of the ration offered
by the smallholder to predict its potential
for milk yield. This tool is made with a
simple interface which enables smallholder
farmers to utilise ICT tools for agriculture
in enhancing their enterprise, and thus
promoting the next generation of ICT savvy
farmers.

Keywords: dairy cattle, ration
formulation, smallholder dairy, milk yield,
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INTRODUCTION

Malaysia is about 60% self-sufficient
in fresh dairy milk production (). Dairy
farming under hot and humid environment
is a very challenging enterprise as heat
stress adversely affects both the quantity
and quality of milk, especially in high
yielding breeds (Prathap et al., 2017). As
in any enterprise, the major component
determining profit and sustenance in the
dairy industry is the economics of milk
production (Calker et al., 2005). Hemme et al.
(2014) benchmarked cost of milk production
in 46 countries which produce 87% of the
world’s total milk and categorised the cost
by sectors. The cost per litre in 2010 in the
EU, Middle East and China was USD0.40 to
USDO0.50 (MYR1.60 to MYR2.00); in the USA,
Brazil, CEEC and Oceania USD0.30 to USD0.40
(MYR1.20 to MYR1.60); in Africa, Asia, South
America, less than USD0.30 (MYR1.20); while
in Austria, Norway, Switzerland and Canada,
more than USD0.60 (MYR2.40). On the other
hand, the cost of milk production in Vietnam
in 2006 was only USDO0.12 to USDO0.17
(MYRO0.48 to MYRO0.68) per litre (Garcia et
al., 2006). In Malaysia, farmers sell their milk
between MYR2.45 to MYR2.65 (USDO0.61 to
USDO0.66) per litre (Mohd Suhaimi et al., 2017).

- —— 1



MALAYSIAN JOURNAL OF VETERINARY RESEARCH

The current global milk price was estimated
at USDO0.31 (MYR1.24) per litre (IFCN, 2018).
Despite differences in the cost of production,
the major component was feed followed by
labour, land and machinery (FAO, IDF and
IFCN, 2014; Hemme et al., 2014). Feed costs
contributed between 50% to 60% of the
total milk production cost (FAO, IDF and
IFCN, 2014) and was linked strongly to feed
prices and feeding systems. Dairy cattle
have been traditionally grazed on pasture
to keep production costs low and globally,
New Zealand produces milk at the lowest
cost as 90% of the animal’s diet is forage
based (FAO, IDF and IFCN, 2014). Increasing
the proportion of supplemental feed was
observed to increase feed cost by almost
30% in Australian dairy farms (Clark et al.,
2018).

Dairy cattle can be fed solely on
grazed herbage but milk production is
limited to less than 30 kg/day (Doyle et al.
2001) and therefore a small portion of feed is
supplemented in temperate countries where
production exceed 30 kg/day. In the tropics
however, milk production rarely exceeds 30
kg/day and in principle can be totally forage
fed. However, the quality of forages in the
humid tropics rarely meet the nutritional
value of cool climate forages. For instance,
the metabolizable energy (ME) and crude
protein (CP) of kikuyu grass (Pennisetum
clandestinum), a tropical pasture species
exceeded 10 MJ/kg and 20%CP respectively
and was comparable to the ryegrass (Lolium
multiflorum L.), a temperate pasture species
in Australia (Fulkerson et al., 2006). However,
the same cannot be assumed for the humid
tropics. Suhaimi et al. (2017) evaluated 900
samples of Brachiaria decumbens over a
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period of 5 years from the southern region
of Peninsular Malaysia and obtained a mean
value of 12.26% crude protein, 33.8% crude
fibre and 8.69 MJ/kg metabolizable energy.
Due to the poor quality of forages coupled
with the lack of land for forage production,
the amount of forage in typical diets of dairy
cattle in Malaysia is only about 47.5% (Moran
and Brouwer, 2014). Therefore, more than
50% of the dairy cattle rations comprise of
concentrates, either utilising cereals or agro-
industrial by-products. Furthermore, the
availability, price and quality of supplemental
feed varies between different regions in
Malaysia (Hazwan et al., 2016).

Dairy farming in most parts of Asia,
including Malaysia is still dominated by
smallholders with minimal inputs and low
milk yield. As more that 50% of the feed
comprises of concentrates, with a highly
volatile prices, formulating at the lowest cost
possible while meeting animal requirements
is a challenge under smallholder conditions.
In fact, Moran and Brouwer (2014) observed
that only 27% of 30 dairy farms surveyed
in Peninsular Malaysia had positive gross
profits. Therefore, cost effective feed
formulation, which accounts for the biggest
portion of the cost of milk production
is critical. Although a number of feed
formulation tools are available, smallholders
seldom use them due to their complexity
and lack of local ingredient database.
This paper describes a simple least-cost
ration formulation tool developed for the
smallholder dairy cattle farmer incorporating
nutritive values of commonly used local feed
ingredients.
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MATERIALS AND METHODS

Feed and forage samples were collected
from smallholder dairy farms in Peninsular
Malaysia and subject to chemical analysis
based on established methods (AOAC,
2012). Nutrient requirements of dairy cattle
were reviewed for various sources (NRC,
2001; Leonard, 1982; Moran, 2005). After
review and evaluation, requirement values
published by Moran (2005) for small holder
dairy farmers in the humid tropics was
adopted. Similar data was also adopted by
the FAO Ration Tool for dairy cows (FAO,
2016). Multiple linear regression equations
were fitted to dairy cattle requirement
data published by Moran (2005) to develop
the model. The equations adopted by the
current model are as follows:

Metabolizable energy (ME, M]/d)
requirements:

Maintenance = 8.6 + 0.091 * body weight (kg)

Pregnancy = 26.12 + (1 + Exp
(-3.84 - 0.55 * pregnancy (month))(1//0.00053)

Milk yield (ME/kg milk) = 1.56 + 0.36 *
(% milk protein) 4+ 0.66 * (milk fat %)

Dry matter intake (DMI)
= 0.03 * Body weight (kg)

Neutral detergent fibre (NDF) intake
= 30% of DMI

Protein requirements:
Dry cow = 12%
Lactating (1 to 3 months) = 16%
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Lactating (4 to 6 months) = 14%
Lactating (7 to 10 months) = 12%

Calcium requirements:

Dry cow = 0.4%

Lactating (1 to 3 months) = 0.8%
Lactating (4 to 6 months) = 0.7%
Lactating (7 to 10 months) = 0.4%

Phosphorus Requirements:

Dry cow = 0.2%

Lactating (1 to 3 months) = 0.4%
Lactating (4 to 6 months) = 0.35%
Lactating (7 to 10 months) = 0.2%

A Microsoft® Excel for Windows based
tool utilizing Visual Basic for Application
(VBA), was developed comprising of three
simple modules namely i) an ingredient
database, ii) a least-cost ration formulation
module and iii) a ration evaluation tool. The
least-cost module utilised the solver linear
optimisation module inbuilt in Microsoft®
Excel. The derived values were verified using
data published by NRC (2001), Moran (2005)
and DVS (2005).

RESULTS AND DISCUSSION

The program flow is shown in Figure 1. There
are five worksheets in the workbook namely
Main, Instructions, Ingredients, Least-Cost
and Feed Evaluation Tool.

Main worksheet

The Main page (Figure 2) worksheet is the
overview of the tool with quick access to
various components of the tool. Once the
user is familiar with tool, the core least-cost
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Figure 1. Overall Program Flow of the Ration Formulation Tool
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Figure 2. Main page of the Ration Formulation Tool
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tool can be accessed directly for the Main
page.

Instructions worksheet

The Instructions worksheet (Figure 3)
provides brief instructions for the use of
the tool. It also describes the type of data
required and data entry restrictions. The user
should read this to become familiar with the
tool and its capability before using the tool.

Ingredients worksheet

The current version of the Ingredients
worksheet (Figure 4) has nutrient

composition data of feed and forage samples
collected from several smallholder farms in
Peninsular Malaysia. The user has to update
the prices of ingredients in the worksheet
before attempting to run the tool as price
of ingredients influences its selection for
least-cost formulation. Once prices have
been updated, the user can run the least-
cost tool directly for subsequent analyses,
unless ingredient prices change. The user
also has the option to enter self-analysed
feed sample data by inserting new rows
within the limits of the worksheet. However,
it is important to ensure all nutrient values
are filled in the relevant cells, otherwise the

Please ensure that MACRO is ENABLED when the worksheet is first opened

This program is writted o help Dairy Smallholders formulate LEAST Cost rations meet animal requirements
This program has a database of Feed Ingredients commonly used by Smallholders

Instructions

1 Select the Ingredients worksheet to Update feed database' especially its COST

2 Select Least-Cost worksheet and ONLY THE CELLS IN

Enter Animal Parameters

Select Feed Ingredients (Concentrate & Forage)

can be changed

Enter Ingredient Inclusion LOW and High Limits as %
Under Nutrient Balance Table Select PRIORITY to fix Nutrient Levels

Click Formulate to make ration

3 The Ration Formulated and Concentrate Mixing Ration (% or kgfton) is shown in the Ingredient Selection Table
4 The Nutrient Balance Table shows if Ration Formulated meets Animal Requirement

5 Cow Feeding Regime Table shows amount concentrate & forage required per cow

6 The Concentrate Composition/kg; Feed Cost and Cost/kg Milk also tabulated

7 Ifthe PRIORITY is set to NONE, then the program would calculate without Nutrient Limits

Instructions

Feed
Evaluation

Figure 3. Brief Instruction to use the Ration Formulation Tool
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system will select the ingredient with a value
of zero for the particular nutrient.

Least-cost worksheet

The Least-cost worksheet or module (Figure
5) is the core of this tool. All data required
to run the tool are entered here. There
are components in this worksheet namely
animal parameters, ingredient selection,

Active Ingredient Box (Dry Matter Basw -

nutrient balance table and calculated
feeding regime (amount/cow). The user
only has access to certain cells in all these
components of the worksheet to avoid
data corruption. The first requirement is
for the user to enter animal parameters
which include body weight (kg), lactation
stage (months), pregnancy stage (months),
anticipated milk output (kg/day), milk fat
content (%), milk protein content (%), animal

Feed Evaluation

Ingredient Dry ME Crude | Ca EE/Crude | ADF | NDF Inclusion (%)
matter MJikg |protein %) % Fat t'!.:l k) % Trpe Min Max
2 3 5 ] l' 9 10 12 13 14 15

Conc |[EMPTY Empty Mone|  Mone
Brewers grain 95.00 10.78 23.10( 030 0.60 6.70| 21.90| 56.30 0.73[Conc 0 20
Broken Rice 89.10 13.45 740| 005 0.28 1.90| 065 928 1.59(Conc 0 30
CaCO3 (Limestong) 99.60 0.00 0.00( 39.40 0.09 0.17|Cone 0 5
Cassava (dry chip) 86.20 13.00 4.40( 040 0.50 0.50] 37.40) 5140 0.78|Conc 0 40
Copra meal 91.50 12.80 2240( 120 5.80 9.80| 28.70( 54.70 0.55(Conc 0 40
Com Grain B87.70 13.60 940 050 3.00 4.30| 3.00 12.20 0.90({Conc 0 30
CPO (Crude Palm Oil) 99.00 2945 0.00| 0.00 0.00 99.00] 4 45(Conc 0 10
Dairy Cattla Pellat 92 98 12.51 1715 0.72] 0.63 56.84/ 1.06|Conc 0 30
DCP 97.00 0.00| 2200 19.30 1.40|Conc 0 1
Fish Meal 92.50 3.10 5460 7.90 210 5.90 2.80[Conc 0 40
Groundnut Cake 90.00 0.85|Conc 0 30
Limestone 98.00 34.00 0.02 0.35(Conc 0 30
Molasses 75.00 10.87 5380| 1.00 0.11 0.10] 000 0.00 1.00{Conc 0 20
Oat polard 93.00 T.10 4800 012 0.13 5940 0.60|Canc 0 30
Palm kemel expelier 90.90 10.10 16,60 058 0.62 67.00 0.66(Conc 0 30
90.00 11.27 1450 0.20 0.50 73.00 0.60|Canc 0 30

PRE/PKC 90.00 11.27) 14500 020 0.50 15.00 73.00 0.60|Canc 0 80
POME (dry) 91.10 6.50 11.10| 0.70 0.50 12.10| 44.00| 49.00 0.36|Conc 0 40
Rice Bran 89.00 1.78 14.10| 0.08 1.70 15.10| 18.00] 23.00 0.75|Canc 0 40
Rice Hulls 90.00 1.81 330 0.10 0.08 0,08 70.00) 81.00 0.50|Conc 0 40
Salt 93.00 0.35(Conc 0 0.06
Skim Milk 96.00 3.25|Conc 0 10
Saybean hull 90.00 19.70| 048 0.28 51.34/ 0.95|Conc L] 30
Soybean meal (Imported) 90.00 4890| 015 0.8 150 10.00] 15.00 1.81|Conc 0 40
Urea 99.00 28800 000 0.00 2.10|Conc 0 3
Wheat pollard 90.00 18.30( 0.05 0.67 51.34 0.93(Conc L] 30
Vit Min 95.00 2.80|Conc 0.5 05
Meagalac 9500 0.00( 9.00 84.00 5.20|Canc 0 3
Forage [EMPTY 0.00 0.00] 0.00 0.00 0.00] 0.00( 0.00 0.00 Meome|  Mone
Brachana decumbens 17.30 11.90( 0.30 0.60 3.70 60,00 0.10|Forage 0 100
Bracharia nuziziansis 18.40 14.00( 060 020 41.00] 67.00 0.10|Forage 0 100
Com Silage (without cob) 2330 8.20) 050 0.20 3.10 63.00 Forage 0 100
Glyricidia maculata (young) 18.70 21000 120 3.00 4.10 0.10(Forage 0 100
Lablab purpuraus (lablab) - silage 2415 18.00| 030 0.20 3.20| 35.00) 43.00 0.10|Forage 0 60
Leucaena leucocephala (young) 19.10 40.40) 4.00 0.50 1.70) 41.00 0.10|Forage 0 100
Maize Stover (fresh) 26.90 590 037 0.20 1.20| 35.90| 65.50 Forage 0 60
Morus sp (Mulbemy leaves) 2870 2140 21 027 2.90| 16.00| 18.00 0,10 |Forage 0 100
MNapier (Red) 19.34 7.12| 040 0.15 72.14 0.10|Forage 0 &0
Mapier Pak Chang 14.30 16.30| 040 0.17 3.T1| 4048 6125 0.10|Foraga 0 60
OPF dry 86.00 4.70( 040 0.90 2.40| 54.00) 79.00 0.35|Forage 0 30
Panicum maximum (Guinea) 23.10 1240| 040 0.30 1.80) 69.00 0.10|Forage 0 100
Pennisetum purpureum (Mapier) 20.00 9.00| 040 0.20 1.90 76.00 0.10|Forage 0 100
Rice straw 95.90 6.70( 0.10 0.10 290 0.14|Forage 0 80
Sweet Com Residue 29.50 9.70] 030 0.20 1.50] 36.00] 84.70 Forage 0 60

Figure 4. Ingredient Database of the Ration Formulation Tool
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ol Parameters Ingredient Selection Table Feeding Regime (Amount/cow)

N 350.00(kg Concentrates
290 3.00{Mihs
] 0.00(Mth
1 10.00|Lid
i 4.00(%
ot ’E{ %
s 0.00]kglday
n 0.00/kgiday
Eaybean masl [|mpedad) 1.79 1538 0.00 soool 181 .
nt Balance Table CAcsS L kndernd) Lo
Concentrate Compositio
ms | [me mml@
i) 63.14] 9314 (= 2368|%
9/d) 643 701 ca 3.85[%
I 1.88] 186 & 061)%
] 84.00 23948 NOF 32.80%
4200] 4200
200 5.7¢ Feed Cost
Fat {%) 4.0% 215 Grass Cost 14?|M
iy} 10.50]  10.50 Feed Cost 652/ RMida
1BW) 3.00 3.00 888/ RMida
gd) 315 345,
[ soo0]  3zat [Mitk Feed cost | os0frmxg

Figure 5. Ration Formulation worksheet of the Ration Formulation Tool

Feed Evaluation Tool

Current Feeding Regime Animal Parameters Nutrient Balance Table
|Body wt 400.00]kg :

Feed Ingredients Amount cosxl |Lact Stage 3.00|Mths ME (M.Jid) 117.14

(kglcowld)| RM (as fed) |Preg () 9.00[Mth CP (ka/d) 218 214 -0.02|
[ Cor : [Milk Vol Calculates 10.00[L/d Ca (g/d) 96,00 96.98 0,08
Soy hulls 0.50| 0.25) Milk Fat 4.001% P (gid) 48.00f 7e.22 2122'
Erewers grain 1.80 1.10 Milk Prot 3.000% CaP 2.00] 1.29 ~0<?1I
Salt 0.02 001 | Wit Lass 0.00[kg/day Crude Fat (%) 40%|  12% 28u)
Molassas 1.00 1.00 |t Gain 0.00]kgiday DMI (kgiday) 1200 14868 2.68|
(Com Grain 1.20 1.08 DMI (% BW) 3.00] 3.67 0.67
Soybean meal (Imported) 2.00 382 s y of Feed Eval d NDF (% DMI) 0% 51.4% 21.4%
CaCO03 (Limestona) 0.11 0.02
Broken Rice 0.50 0.80 1 [Energy Intake Above Requirements & Predicted Milk Volume is = 13.61|Liday
Wheat poliard 1.00) 093] 2 |Protein Intake insufficient -0.02[kgld
EMPTY 0.00 0.00] 3 |Caleium Intake Above Requirements u.ss}gd
EMPTY 0.00| 0.00) 4 |Phaspherus Intake Above Requirements 27.22|gid
EMPTY 0.00| 0.00 5 |Fat Intake OK 1.2%|%

0.00 & |NDF Intake OK 51.4/|% BWt
} 7 |Dry Matter Intake exceeds 3%, animal may not consume 3.67(% BWt
0.94| RM iLiter

Instructions

Figure 6. Ration Evaluation Tool
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body weight loss (early lactation) and weight
gain (mid- to late lactation) in kg/day. If
the user does not have sufficient data, the
default initial values can be used and only
body weight and milk output changed. The
nutrient balance table displays the nutrients
required based on animal parameters
entered as well as the nutrient content of the
formulated ration. In the nutrient balance
table, the priority section can be altered. The
priority can be set as ‘select’ or ‘none’ using
a pull-down menu. When the particular
nutrient is set as ‘select’, the tool would
attempt to equate the supplied nutrient
with the required. If it is set to ‘none’, the
tool can provide a ration below or above
the requirements of the animals. Although
several nutrients priority can be set in the
tool, it is suggested that the user prioritise
energy and protein in the first instance. The
other nutrient can be used as a learning or
experimental tool to test different ration
formulations. The final procedure is to select
the ingredients used in the ration. The
ingredient selection component is divided
into two sections namely concentrate and
forage. The user can select up to 13 types of
concentrates and 4 types of forages using
the pull-down menu which acquires data
from the feed ingredients worksheet. Once
the ingredients have been selected, the
user has to set constrains. Constrains are
set as maximum and minimum percentage
of dry matter intake and a minimal default
limit of 30% should be set for total forage
intake, especially for lactating animals to
ensure sufficient fibre intake. Besides fibre,
the concentration of some ingredients
also requires limitations (Stallings, 2009).
A good example is the use of urea in dairy
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diets which should not exceed 1% in the
concentrate or a total of 135 g/cow/day
(Kertz, 2010). The content of urea-NPN feed
sources should also not exceed 20% of total
dietary crude protein (CP) intake. Similarly,
the inclusion of molasses in dairy diets
should also be limited as feeding more than
6% total sugar was observed to depress milk
production (Broderick and Radloff, 2004).
The recommended limits are set in the
Ingredients worksheet and picked up in the
Least-cost worksheet to indicate if revision is
required.

Feed evaluation tool

This tool (Figure 6) enables the smallholder
to test the nutritive value of the current feed
regime. In this tool, all animal parameters
are entered in the Animal Parameter Table
and normal farm milk yield/animal. The
user then selects the concentrates used
in the current ration fed as quantity per
animal (kg) per animal as well as the amount
(kg) of fresh forage offered daily. The
Nutrient Balance Table displays the amount
of nutrients required based on animal
parameters provided and the nutrients
supplied by the current farm feeding
regime. The Summary of Feed Evaluated
Table displays the properties of the feed
currently used in the farm and the predicted
milk yield based on the nutrients supplied.
The Economics of Feed Table shows the
daily cost of concentrates, forage and the
feed cost per kg of milk produced using the
current feeding regime. The smallholder can
then evaluate if the present feed regime is
producing the amount of milk based on the
estimation and if it is not, the ingredients
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can be readjusted. The ingredients can
also be manually manipulated to derive the
anticipated milk yield. The example in Table
6 displays concentrate feed at 7.83 kg costing
MYR8.80 and 40 kg of grass at MYR4.00. The
predicted milk yield is 13.61 L/day. If the
farmer is getting milk yields lower that this,
then the animals are probably overfed and
ration needs readjustments.

Model validation

The present tool was validated using nutrient
requirement data published by Moran
(2005), NRC (2001) and DVS (2005). DVS
(2005) based on body weight and lactation.
Validation was done for metabolizable
energy (ME) requirements which is the main
limiting component in dairy diets. Figure 7
shows the data for metabolizable energy
requirements of a 350 kg, non-pregnant cow
producing 0 to 20 litres of milk at 4% fat and
3% protein. The mean ME data provided
by DVS (2005) for 0 to 20 litres was 11.54%,
8.79% and 3.87% higher than that predicted
by the current tool for lactation 1, 2 and 3
respectively. On the other hand, data from
Moran (2005) and NRC (2001) was only
0.23% higher and 1.8% lower respectively
(Figure 7). It appears that the requirements
of NRC (2001) are similar to those of Moran
(2005) although the latter was developed for
tropical breeds. The higher margin of error
when compared with DVS (2005) could have
been due to their use of older NRC (1989)
recommendations. However, differences
in model predictions can be expected as
Oliveira (2015) observed that the Bos taurus
X Bos indicus crossbred dairy cows had a 26%
lower metabolizable energy requirement for

MALAYSIAN JOURNAL OF VETERINARY RESEARCH

maintenance and variations could be due to
differences in animal genetics, environment
and especially, feed resources. It is for these
reasons that local specific feed formulation
tools continue to be developed (Angadi,
2016; FAO, 2016). Therefore, the present
tool developed meets the extensively
tested National Research Council model for
nutrient requirement of dairy cattle. This
tool can be used by local smallholder dairy
farmers to manage their feed regime as the
feed database is based on locally available
ingredients. It can also be used by extension
agents to assist dairy farmers formulate
dairy cattle rations and by universities as a
ruminant nutrition teaching tool.

Software assessment

There are several computer based dairy
ration formulation models and tools such
as the Feed Assist (Angadi et al., 2016) from
India, Dairy Ration Tool v1.1.9 by NRC (2001)
and the recent FAO Ration Tool (2016), to
name a few. Each of these programs have
their own advantages and limitations as
assessed by Jensen (2015). The NRC Dairy
Ration is the most comprehensive and
accompanies the Nutrient Requirements
of Dairy Cattle textbook which is used as
a standard reference worldwide. However,
most values are for temperate feedstuffs and
cattle. Similarly, the Feed Assist is targeted
for local Indian breeds and feedstuffs. The
FAO Ration Tool, developed recently by
Feedipaedia (2019) attempts to address
requirements for a larger target group but
also has some limitations such as the lack of
fixing exact ingredient values. The tool in
this study attempts to address some of the
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Metabolizable Energy Requirement (MJ/day) for 350 kg Cow

180.00

160.00
—NMoran (2005)

DVS (2)
~= Model

140.00

120.00

100.00

80.00

Metabolizable Energy (MJ/day)

60.00

40.00

20.00

8

DVS (1)
—DVS (3)
—NRGC (2001)

9 10 12 15 18 20

Milk Yield (kg/d)

DVS (1,2 & 3) = Lactation No. 1 to 3 (DVS, 2005); Moran (2005) data; NRC (2001); Model = data predicted by model.

Figure 7. Model validation for energy requirement

limitations of these available tools and to
cater for the local dairy sector requirements.
It also incorporates a ration evaluation tool
whereby the farmers can evaluate their
current feed regime, not available in some
of the other models. In general, the model is
comparable to the other tools published as
shown by the validation of the model for the
main energy component.

10

CONCLUSION

A formulation tool of dairy cattle rations
was developed using Microsoft® Excel to
assist farmers formulate cost effective dairy
cattle feeds using locally available feed
resources. The tool predicted requirements
within the ranges recommended by the
National Research Council for dairy cattle.
The tool utilises nutritive values of local
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feed ingredients and the farmer can update
the ingredients database with new feed
resources within their access. It can also be
used by extension agents as an advisory tool
and universities as a teaching aid.

REFERENCES

Angadi U.B., Anandan S., Gowda N.K.S., Rajendran
D., Devi L., Elangovan A.V. and Jash S. (2016). “Feed
Assist” — an expert system on balanced feeding for
dairy animals”, AGRIS on-line Papers in Economics and
Informatics, 8(3): 3-12.

AOAC. (2012). Official methods of analysis of AOAC
International. 19th edition. AOAC 53 International,
Gaithersburg, Maryland, USA.

Broderick G.A. and Radloff W.A. (2004). Effect of
molasses supplementation on the production of
lactating dairy cows fed diets based on alfalfa and corn
silage. J. Dairy Sci. 87: 2997-3009.

Calker K.J.V., Berentsen P.B.M., Giesen G.W.J. and Huirne
R.B.M. (2005). Identifying and ranking attributes that
determine sustainability in Dutch dairy farming.
Agriculture and Human Values 22: 53-63.

Clark C.E.F., Kaur R., Millapan L.O., Golder H.M.,
Thomson P.C., Horadagoda A., Islam M.R., Kerrisk
K.L. and Garcia S.C. (2018). The effect of temperate
or tropical pasture grazing state and grain-based
concentrate allocation on dairy cattle production and
behavior. J. Dairy Sci. 101:1-12.

Doyle P.T., Stockdale C.R., Wales W.J., Walker G.P. and
Heard J.W. (2001). Limits to optimising milk production
and composition from pastures. In: Recent advances in
animal nutrition in Australia 2001. P Cronje (ed). Animal
Science University of New England: Armidale, NSW. pp.
9-17

Department of Veterinary Services Malaysia. (2005).
Nutrient composition of Malaysian feed materials and
guides to feeding of cattle and goats, 2nd Edition.
Department of Veterinary Services, Ministry of
Agriculture and Agro-Based Industry Malaysia.
Department of Veterinary Services Malaysia. (2018).
Perangkaan Ternakan 2016/2017. http://www.dvs.gov.
my/index.php/pages /view/1847. Accessed on 29 Dec
2018.

FAO, IDF and IFCN. (2014). World mapping of animal
feeding systems in the dairy sector. Rome. ISBN 978-92-
5-108459-5.

FAO. (2016). FAO ration formulation tool for dairy cows.
FAO, Rome, Italy; https://www.feedipedia.org/content/
fao-ration-formulation-tool-dairy-cows. Accessed on
29 Dec 2018.

MALAYSIAN JOURNAL OF VETERINARY RESEARCH

15.

16.

20.

21.

22.

23.

24.

Feedipaedia. (2019). https://www.feedipedia.org/
Accessed on 19 July 2019.

Fulkerson W.J., Nandra K.S., Clark C.F. and Barchia
. (2006). Effect of cereal-based concentrates on
productivity of Holstein-Friesian cows grazing short-
rotation ryegrass (Lolium multiflorum) or kikuyu
(Pennesitum clandestinum) pastures. Livestock Science
103: 85-94.

Garcia O., Hemme T., Tat Nho L. and Thi Huong Tra H.
(2006). The economics of milk production in Hanoi,
Vietnam, with particular emphasis on small-scale
producers. PPLPI Working Paper No. 33.

Hazwan M.M., Predith M. and Nasyatul E.M.H. (2016).
Nutrient composition and price fluctuation of local
agriculture by-product feedstuff for dairy cattle. In:
Proc. 37th MSAP Ann. Conf., pp 132-133.

Hemme T., Uddin M.M. and Ndambi A. (2014).
Benchmarking cost of milk production in 46 countries.
Journal of Reviews on Global Economics 3: 254-270.
IFCN. (2018). https://ifcndairy.org/about-ifcn-neu/ifcn-
dairy-research-center-method/ Accessed on 29 Dec
2018

Jensen L.M., Nielsen N.I., Nadeau E., Markussen B. and
Norgaard P. (2015). Evaluation of five models predicting
feed intake by dairy cows fed total mixed rations.
Livestock Science 176: 91-103.

Kertz A.F. (2010). Review: urea feeding to dairy cattle:
a historical perspective and review. The Professional
Animal Scientist 26: 257-272.

Leonard C.K. (1982). Nutrient requirements of ruminants
in developing countries. International Feedstuffs
Institute, Utah State University, Logan, Utah, USA.
Moran J. (2005). Tropical dairy farming: feeding
management for small holder dairy farmers in the humid
tropics. 312 pp., Landlinks Press, Collingwood, Australia.
ISBN:0643091238.

Moran J.B. and Brouwer J.W. (2014). Quantifying the
returns to investing in improved feeding management
on dairy farms in Peninsular Malaysia. Animal
Production Science 54: 1354-1357.

NRC. (1989). Nutrient requirements of dairy cattle, Sixth
Revised Edition, Update 1989 Committee on Animal
Nutrition, National Research Council, Washington, DC:
The National Academies Press.

NRC. (2001). Nutrient requirements of dairy cattle:
Seventh Revised Edition, 2001, National Research
Council, Washington, DC: The National Academies
Press. ISBN: 978-0-309-06997-7.

Mohd Suhaimi N.A., de Mey Y. and Oude Lansink A.
(2017). A transaction cost analysis of Malaysian dairy
farmers’ marketing channel selection. In: XV EAAE
Congress, “Towards Sustainable Agri-food Systems:
Balancing Between Markets and Society”, August 29th —
September 1st, 2017, Parma, Italy.

11


http://www.dvs.gov.my/index.php/pages%20/view/1847
http://www.dvs.gov.my/index.php/pages%20/view/1847
https://www.feedipedia.org/content/fao-ration-formulation-tool-dairy-cows
https://www.feedipedia.org/content/fao-ration-formulation-tool-dairy-cows
https://www.feedipedia.org/
https://ifcndairy.org/about-ifcn-neu/ifcn-dairy-research-center-method/
https://ifcndairy.org/about-ifcn-neu/ifcn-dairy-research-center-method/

MALAYSIAN JOURNAL OF VETERINARY RESEARCH

25.

26.

12

Oliveira A.S. (2015). Meta-analysis of feeding trials to
estimate energy requirements of dairy cows under
tropical condition. Animal Feed Science and Technology,
210: 94-103.

Prathap P., Archana P.R., Aleena J., Sejian V., Krishnan
G., Bagath M., Manimaran A., Beena V., Kurien E.K.,
Varma G. and Bhatta R. (2017). Heat stress and dairy
cow: impact on both milk yield and composition.
International Journal of Dairy Science 12: 1-11.

27.

28.

VOLUME 10 NoO. 2 JuLy 2019

Stallings C.C. (2009). Limit these feeds in rations
for dairy cattle. Publication 404-119, Produced by
Communications and Marketing, College of Agriculture
and Life Sciences, Virginia Polytechnic Institute and
State University, Virginia Tech.

Suhaimi D., Sharif S., Normah M.A., Norain Nadia M.
and Wan Syahidah H. (2017). Estimating relative feed
value of local Brachiaria decumbens. Malaysian Journal
of Veterinary Research 8: 78-82.



