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To feed or not to feed
- the science behind the DairyNZ Supplementary Feed Calculator

John Roche, DairyNZ

Background

The profitability of supplement use depends on both the revenue generated from the purchased feed and the
total costs (i.e., feed and non-feed) associated with the purchase and provision of that supplement.

The milksolids response to supplement varies between research experiments, from research experiments to
commercial farms, and across different farms. For example, although the response to supplements under ideal
management is approximately 7.5 g milksolids (MS) per MJ metabolisable energy (ME), recent analyses
indicated that the on-farm response to purchased supplements was more likely to average 4.5g MS/MJ ME1.

DairyNZ has produced a decision support resource to aid in the tactical decision to purchase feeds during a short
term feed deficit. This resource (Supplementary Feed Calculator: www-webpage) uses international and New
Zealand research results to estimate the milk production response to providing supplements to milking cows
under different feed deficit situations and at different stages of lactation. It estimates the likely profitability of doing
this under different milk price scenarios and compares the value proposition of different feeds.

A summary of the science underpinning the calculator is presented.

Total milk production response to supplement

In the Supplementary Feed Calculator, the milk production response to feed offered is the sum of the milk
produced when cows are receiving the supplement (Immediate response) and milk produced later in lactation
as a result of pasture spared and cow body condition score (BCS) gained from the supplement (Deferred
response). Multiple experiments have been undertaken evaluating the milk production response to supplements
under different levels of feed deficit.

Although both the Immediate and the Deferred response decline with increasing pasture dry matter intake (DMI),
the deferred response is more sensitive to feeding level (Figure 1). For example:

 in severe pasture deficit situations (e.g., unsupplemented post-grazing residual of 1200 kg DM/ha for a
milking cow), as much milk is produced after the period of supplementation as during the feed deficit
when the supplements are offered;

 when cows are relatively well fed (e.g., unsupplemented post-grazing residual of 1600 kg DM/ha), the
Deferred milk production is only approximately 10% of the immediate response2.
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Figure 1. Immediate and deferred milk production response to supplement (g MS/MJ ME) with increasing post-
grazing residual. Note: response to supplement decreases with increasing post-grazing residual; in particular, the
amount of milk produced post-supplementation (i.e., the deferred response) declines quickly.

The total milk production response to supplement (Immediate plus Deferred response) is determined by many
biological and management factors3 (Figure 2), including the:

 genetics of the cow;
 stage of lactation;
 amount of purchased supplement that is wasted;
 the amount of pasture refused (i.e., substitution of supplement for pasture);
 amount of energy consumed that is partitioned to body condition score (BCS);
 amount of supplement offered;
 type of feed and the processing of that feed;

The supplementary feed calculator considers the contribution of all of these factors.

Feed wastage: Large losses of supplement can and do occur at all stages of the feeding process - during
harvest (~10%), transport (5%), storage (10-20%) and feeding out (5 to 50%). For silages, in particular, the
losses during conservation and feeding out (including aerobic spoilage at the face) can be large. Best
management practice and attention to detail is required to minimise these losses, which reduce the amount of
supplement available to the cows, and increase the cost per kg DM of the feed that is finally consumed.

In the Supplementary Feed Calculator, an estimate of feed wastage is determined by the method of feeding;
wastage is assumed to be:

 5% for in shed feeding;
 10% for feed offered on a feed pad;
 15% for feed fed in trailers in the paddock;
 20% for feed offered in the paddock during dry conditions;
 40% for feed offered in the paddock during wet conditions.
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SHORT-TERM: Immediate response LONG-TERM: Deferred response

TOTAL RESPONSE TO SUPPLEMENTS 25 to 55 g MS/kg DM supplement offered
(2.5-5.2g MS/MJ ME)

Figure 2. Example of a flow diagram to estimate the Immediate and longer-term responses to 1 kg high quality supplement DM fed (Adapted from: Holmes and Roche, 2007).

Higher post-grazing residual; More waste?
(e.g. + 30 kg DM/ha Lower quality?
with 100 cows/ha): Increased growth?

Heavier, fatter cows Extra cows?
Extra milk the following year? Extra pasture eaten?
More days in milk?

Extra days in milk?

Extra milksolids produced: 0 to 30g
(0 to 2.8 g MS/MJ ME)

Supplement offered: 10.5 MJ ME
Physical Waste (10%): 1.0 MJ ME

Supplement eaten: 9.0 MJ ME
Less pasture eaten: -4.0 MJ ME

(Substitution) (0.3 kg DM)

Net extra ME eaten: 5.0 MJ ME

ME partitioned to -3.5 MJ ME
live weight gain (100 g Lwt)

ME directed to milk: 1.5 MJ ME

Extra milksolids produced: 25 g MS
(2.4g MS/MJ ME)
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In addition, for silage, some energy is assumed to be lost in the fermentation process. Silage ME is used as a
proxy for fermentation efficiency:

 10% loss if silage is less than 10.5 MJ ME/kg DM
 7% loss if silage is between 10.5 and 11 MJ ME/kg DM
 5% loss if silage is greater than 11 MJ ME/kg DM

The less supplement that is wasted, the greater the dry matter intake (DMI) and the greater the potential milk
production response to supplements purchased.

Substitution of supplement for pasture: When grazing cows are fed supplements, pasture DMI declines3,5;
therefore, increases in supplement offered do not result in equal increases in total DMI, even in feed-restricted
cows. For example, when cows grazing to 1200 kg DM/ha residuals are offered a supplement, residuals rise.
This is substitution. As a result, cows never achieve the maximum potential milk production from supplements
eaten.

Substitution increases with feeding level and, arguably, the most easily measured on-farm indicator of feeding
level is post-grazing residual. As post-grazing residual without supplementation increases, pasture DMI
increases4 and, when supplements are offered the amount of pasture refused also increases3. This leads to a
decline in the milk production response to supplements with increasing post grazing residuals. This effect is
evident in both the immediate and deferred milk production response; however, the greatest effect is in the
deferred response (Figure 1). Furthermore, substitution rate is 8% greater when forage supplements (i.e., hay or
silage) are fed compared with concentrate feeds5; this is accounted for in the Supplementary Feed Calculator.

In the Supplementary Feed Calculator, substitution rate (i.e., pasture spared) is used to calculate the change in
post-grazing residual following supplementation.

Amount of energy partitioned to BCS: The mobilisation of body tissue in early lactation and the amount of
energy consumed that is partitioned towards gaining BCS in mid- and late-lactation can influence the immediate
response to supplements (Figure 2). This is important, as any BCS gained through supplementation will be
subsequently used for milk production (i.e., deferred milk production response) and it is, therefore, important to
account for it. In the Supplementary Feed Calculator, the deferred response to supplements is factored into the
total response (see Figure 1).

Season of the year: Substitution rate is lower and the milk production response is greater during autumn than
during spring5. This effect is accounted for in the Supplementary Feed Calculator.

Amount of supplement offered: As the amount of supplement offered increases, the total response to
supplement declines5. This is because the cow becomes less hungry with every extra kg of supplement
consumed and, as a result, post-grazing residuals rise and the next kg of supplement results in a greater level of
substitution.

In the Supplementary Feed Calculator, the immediate and deferred milk production response declines with each
kg of supplement eaten.

Type of feed and the processing of feed: Type of supplement offered affects the composition of the milksolids
produced6,7,8. Feeds high in starch and sugar (e.g., barley, maize, tapioca; also called non-structural
carbohydrate or NSC), on average, increase the production of milk protein more than milk fat, while feeds high in
fibre and/or fat (e.g., palm kernel, soyhulls, broll) increase the production of milk fat more than milk protein6,7

(Figure 3). This is important because milk protein is generally worth substantially more than milk fat. However,
this effect of feed type is only evident in the milk produced during the period of supplementation (i.e., the
Immediate response); the composition of Deferred milk is not influenced by the type of supplement2.

The Supplementary Feed Calculator uses this effect of dietary NSC and fibre to estimate the increase in milk
protein and milk fat and uses the milk company’s Value Component Ratio (VCR; the value of fat relative to
protein) to allow a more accurate prediction of milk revenue.
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Figure 3. Change in milk composition with changing non-structural carbohydrate content of the supplement
offered.

Unless cows are producing in excess of 3 kg MS/day, the processing of the supplement (e.g., cracking, steam
processing) does not influence the milk production response to the supplement, as long as cereal grains are at
least cracked (Note: if cereal grains are not cracked, most of the starch will be lost in faeces). For example,
milk production from cracked maize grain is the same as the milk production response to steam-flaked corn9. The
additional processing affects the speed of fermentation of the starch but not the availability of energy from the
starch. In a grazing system with surplus protein, the processing is unlikely to affect the response to the
supplement. Therefore, the processing of the supplement is not accounted for in the Supplementary Feed
Calculator.

Cow genetics: Cows selected primarily for milk production tend to mobilise more BCS in early lactation and are
slower to gain BCS throughout lactation4. Because of this, it appears that these ‘modern’ cows have a greater
immediate milk production response to supplements than cows that do not mobilise as much BCS or compared
with cows that gain more BCS in late lactation4.

However, such a system is not sustainable, as cows need to regain BCS at some point during the year. The cow
that loses more BCS in early lactation or fails to regain that BCS during lactation will dry off at a lower BCS and
require additional feed while dry to achieve a suitable calving BCS. Although genetic selection for milk production
has altered the stage of lactation when feed must be offered to achieve increases in BCS, it has probably not
altered the total amount of feed the cow requires to produce milk and achieve a sustainable BCS profile.
Therefore, cow genetics or breed have not been considered as factors influencing milk production in the
Supplementary Feed Calculator.
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Revenue and Costs

Within the Supplementary Feed Calculator, Revenue generated from supplements includes an allowance for the:

 Wastage of purchased feed;
 Immediate and Deferred milk production response, which is a function of unsupplemented post-grazing

residual (i.e., pasture DMI), the amount of supplement consumed, season of the year, and the amount
of energy consumed that is not used immediately (i.e., deferred milk);

 NSC content of the supplement, which influences the amount of protein and fat in the additional milk.

Considering all of these factors allows a more accurate estimation of total revenue

In comparison, costs of supplements include both the cost of the feed and the associated costs of feeding the
feed (e.g., tractor running costs, depreciation, and repairs and maintenance). The Supplementary Feed
Calculator makes no allowance for capital costs (i.e., it is assumed that the equipment for feeding is already
available) or variable costs that aren’t associated with feeding.

Limitations of the Supplementary Feed Calculator

Although a useful resource to help estimate the value proposition from different feeds in a unique situation, it
must be remembered that

a) the Supplementary Feed Calculator is a resource to help with tactical purchases of feed and should
not be used to make strategic decisions around feeding systems that lead to a change in the farming
system.

A change to the farming system often requires capital purchases (e.g., in-shed feeding system, feed
pad, and changes to stocking rate, etc), the cost of which are not accounted for in this decision support
resource.

In addition, setting up a system to utilise more supplementary feed has significantly more hidden costs
than where feed is tactically purchased during a feed deficit. For example, the increase in variable costs
associated with feeding more feed is between 15 and 20% more than the cost of feed1; in comparison,
however, when we account for changes in both variable and fixed costs with system change, the total
cost of feeding is approximately 50% greater than the cost of feed.

b) The Supplementary Feed Calculator is not a ration balancing model.

The resource assumes that energy is the dietary factor that is limiting production. This will be true in the
vast majority of situations. However, in an extremely dry summer or in a system already feeding more
than 30% of the diet as energy supplements, there is a risk that other nutrients (e.g., protein or specific
amino acids) become limiting and the response to different supplements could be more or less than
proposed.
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