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Adding Enzymes to Dairy Diets
1. Backgound

Enzymes are routinely included in poultry dietsHow enzymes work
to remove antinutritional factors from feeds, to Enzymes are proteins (see agitP]) that

increase feed digestibility and to supplement the 5oy 7e(facilitate) chemical reactions in

enzymes secreted by the bird's own digestive o ogical systems. Enzymes are essential in th
system. Similar enzyme preparations have beeryiyastion of feeds into their chemical componen
promoted for swine diets, but economic respon 9., glucose, amino acids) which are in turn us

are less predictable. by rumen microbes or directly by the cow. Most
Until very recently, few attempts had been mag@zymes are highly specific, breaking distinct
to add enzymes to ruminant rations, for two  chemical bonds within their substrates and,
reasons: therefore, the complete digestion of a complex
* the enzyme activity in the rumen is normally  feed such as alfalfa hay requires the activity of
very high and, presumably, not easily increaseflerally hundreds of unique enzymes.
by the addition of a relatively small amount of The specificity of an enzyme for a particular

enzyme in the diet, and, . sugstrate is usually representedaigck-and-key’
* since enzymes are proteins, it has been assume

. analogy as illustrated in figure 1. Often, the nan
::%r(t)r;)eeﬁwould S Rl ARy EetEl o) RUTME of the enzyme suggests the substrate it digests

. o o proteases digest protein, cellulases digest
Fibrolytic (fibre-digesting) enzymes have beencejiyjose, lactase digests lactose. Starch digest

tested as forage additives for dairy diets with  anzymes are called amylases because starch is

variable, but encouraging, results. In a recent trighade up of two types of chains: branched
conducted at the University of Idaho, mid amylopectin and linear amylose. Xylanases are

lactation cows were fed an alfalfa hay and silaggnyolved in the digestion of hemicellulose, which
based total mixed ration (TMR), where the foragg,g 4 xylan backbone.

was sprayed with an enzyme preparation 24 hourz i 1 h h .
before feeding. Daily production by the cows fed /S figure 1 suggests, each enzyme has a unig

the enzyme treated forage increased by 1.3 kg 6tFree—dimensionaI structure which is critical to it
milk, 0.8 kg of fat and 0.6 kg of protein ' ability to bind specific substrate. If the structure

Ou,r c;wn work on fee d enzvmes has ' roduce dthe enzyme is altered either by unfavourable pH
some remarkable improvem)e/nt in beefpcattle (e.g., exposure to acid), temperature (e.g., heat

performance. In our early studies, high
concentrations of crude commercial enzyme
mixtures were used, at relatively high cost. More
recently, we have developed a method that allows
us to apply relatively low, and more cost-effective
levels of feed enzymes. Using this technology, we
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have improved average dalily gains of beef cattle . 1y \)
fed legume hay by 30%. Based on March 1995 @ @ @ AN
prices, the return to the cost of enzyme was 8.5:1. _ PRO ﬁASE
When enzymes were applied to barley in finishing L N N
diets, the returt? to enzyme cosft Wals 3:1. X @(;LUCOSE ‘)\"SI’SS )
In 1996, we began a series of trials to test the @ @
(G) N®

efficacy of enzymes in diets for lactating cows. @
But before discussing the results of those trials,
here is the background required to understand t

applicabllity of this technology: E?gure 1 : Schematic illustration showing how ai

enzyme'’s active site ‘fits’ specific substrates.
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during pelleting) or digestion (e.g., contact with
proteases), enzyme activity will diminish and the
enzyme will not be as effective at digesting feed.

Stability of enzyme activity in adverse environmentat

conditions differs widely among enzymes.

Commercial enzyme products marketed as feed
supplements are bacterial or fungal fermentation

extracts. These preparations vary widely in the typeS. 20
and concentrations of specific enzymes they contaix

As a result, their ability to digest particular feeds is

also variable. Most are marketed on the basis of their
ability to break down fibre, but many also digest other

substrates, such as starch and protein. This variatigfigure 3 : Milk yield and dry matter intake (DMI)

in activity suggests the potential to select particular
enzymes for application to specific feeds.

Industrial enzymes are expensive. In order to reduce

the cost of enzyme technology, it is necessary to
increase the effectiveness of feed enzymes. The
approaches we have taken are:

« to select enzymes that have high activity and bindrumen bacteria to digest fiber. In a short duration

specifically to feeds, and;
« to modify enzymes to increase their resistance to
rumen degradation.

A third approach is to use chemicals terrapdyme
enhancerghat promote the binding of enzymes to

their substrates. These chemicals may increase the

digestive activity of feed enzymes, or increase the
digestive activity of the enzymes that are naturally
produced by the microorganisms within the rumen.
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Figure 2 : Enzyme enhancer was incorporated into
the concentrate fed to treated cows. On day 22,
feeding of the enzyme-containing concentrate was
switched from the treated to the control cows,
producing an immediate response.
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responses to a control diet compared with a diet in
which enzyme was incorporated in the concentrate

Work by Dr. Jim Shelford’s group at the University
of British Columbia has demonstrated that these
enhancers can significantly increase the ability of

dairy feeding trial, use of an enhancer increased mjlk
production from 2.5 to 3.5 kg per cow per day.

Results are illustrated in figure 2.

Preliminary results with a selected
enzyme preparation

Figure 3 shows preliminary results of our first dai
feeding trial where a selected enzyme preparation
included in the concentrate portion of a total mixed
ration (TMR). The enzyme used was one which ha
produced our best results in high grain, beef feedlo
trials. It was high in cellulase and xylanase activity;
low in amylase. At its current price, the rate of
enzyme addition we used cost about 46¢ per cow per
day. Given the average increase in milk yield of 5.4
kg/day seen in our preliminary trial, return on
investment would be in the range of 5-6:1.

y
vas

is

We anticipate that, once this enzyme preparation
commercialized and assuming its use is widely
adopted, its cost may decrease significantly. And, as
further trials define the optimum conditions for its
profitable application, we expect to see even more
favourable profit margins. We will present the resul
of our ongoing work in subsequent articles.
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