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High prices for common cereals and soybeans come and go since ancient times. The only certain about it is that their cycles will continue and what better times to consider alternatives now that prices appear to be normal. After all, when everybody will be looking next for alternatives, when prices will be again high, it will be too late to find and test sources of alternative ingredients.

Feed cost used to make up at least 60% of the cost of raising a pig. When prices for common cereals and soybeans are too expensive, this figure can reach 80%. So, to start with, the general idea is to improve the feed to gain ratio, or feed efficiency. Anything that reduces the amount of feed required per unit of weight gain, it also reduces feed cost per unit of gain. The following are some general ideas regarding non-nutritional and nutritional strategies to control, if not lower, feed cost.
GENERAL CONSIDERATIONS

The following are some general ideas regarding non-nutritional and nutritional strategies to control, if not lower, feed cost.

Purchasing
It is a business axiom if you want lower prices you have to buy more or buy for a longer period of time. It makes sense to assume that increasing purchasing power (either increasing the volume per transaction or the duration of a purchasing contract), lowers prices per unit of weight. Back in 2004, when cereal prices became unreasonably high for the first time, several producers had already made 10-year contracts with cereal producers to lock in prices ahead of the forthcoming crisis! The DDGS era brought expensive cereals and this problem will persist for the foreseeable future.
Pig Market Weight

It is also well known that when feed is expensive, pigs should get to the market sooner. Pigs tend to deposit more and more fat after their protein deposition potential peaks. This affects adversely the feed/gain ratio, meaning that weight gained late in life is not as efficiently gained as weight earlier on. This is just a matter of fact due to the greater energy required to deposit one gram of fat compared to one gram of lean tissue! To find the optimal market weight the use of a modern model (such as InraPorc, which I use constantly) can be of tremendous value, but on average, feed/gain starts declining rapidly after about 80-90 kg body weight. This issue is very important for early maturing pigs that deposit mostly fat tissue after 80-90 kg body weight.
Leaner Genetics
Through the same mechanism of depositing less fat, as described above, leaner genetics can offer substantial feed cost savings! Leaner pigs cost less to produce and this solution might be as easy as switching the genetic make up of your terminal sire semen supply. Keep in mind that some Pietrain crosses usually suffer from very low feed intakes and this coupled with below-average health conditions, and high summer temperatures, may markedly reduce growth performance. Alternatively, selecting for late maturing pigs will reduce the problem of overly fat pigs, but these genetics tend to be slower in growth rate (take more days to reach market weight).
Feed wastage
If around 25% of feed is wasted through poor management of feeders, feed, and pigs, it is a golden opportunity to resolve this chronic issue by training personnel, fixing feeders, and reallocating feeders. Each percentage unit wastage is reduced is a percentage unit savings in feed/gain ratio! Most farms don’t even realize the extend of wastage until it is actually measured. Wastage around 10% is considered normal in most farm, but with careful management this figure can be reduced to below 5%.
Animal Health
It is no secret healthy pigs grow leaner and more efficiently compared with pigs of suboptimal health. Malnutrition early in life is also “compensated” by depositing more fat and organ tissue later when nutrition becomes normal again. So, it pays to keep animals healthy and thrifty! A good start also ensures profitable feed/gain later on. To this end, investing in a high quality (expensive) prestarter will ensure pigs start eating and growing as soon as possible after weaning.
Additives and Return-on-Investment
This is quite easy to accomplish with the help of a qualified nutritionist. Additives should be evaluated based on return on investment. Usually, additives that improve growth below 4-5% are difficult to justify during hard times. Cast a critical eye on additives and question whether they really are worth the expense and trouble. Use only the ones that really work in your farm. Not all additives work in all farms!
Feed Particle Size
It has been determined by pioneering work done at Kansas State University by Dr. Joe Hancock’s laboratory that for every 100 microns reduction in particle size, feed efficiency improves by 1.4%. As an example, assume that now you grind your cereals at 900 microns (medium-coarse) and you achieve a 2.9 feed/gain ratio in the finishing barn. If particle size is reduced to 600 microns, feed efficiency is expected to be improved by 4.2%, down to 2.68.  Of course, this improvement in feed efficiency should not be outweighed by the cost of grinding cereals to such reduced particle size! In wheat-based diets, ulcers don’t start to become problematic in stressed pigs until particle size is reduced below 600 microns. Grinding soybean meal has not resulted in improved pig performance.
Enzymes

Here, I am considering enzymes against the major non-starch polysaccharides found in cereals, especially in wheat (arabinoxylans) and barley (beta glucans). Data for maize-based diets are unclear, at best! But, for diets based on wheat and barley, particularly if these cereals are of poor quality (as defined by a large concentration of non-starch polysaccharides), the addition of a cereal-specific enzyme should increase metabolizable energy concentration by about 50 kcal/kg complete feed. Effects on protein digestibility are not so well documented, so it’s recommended to base your calculations on energy savings alone. Again, the cost of using such an enzyme should not be outweighed by the cost of providing a similar amount of energy through other sources (lard, tallow, soy oil, etc).

Mycotoxins

Pigs invariably suffer from lower performance when fed diets even with low levels of mycotoxins. It is best to determine the predominant mycotoxins for the cereals you use and then apply a specific product, instead of using a blanket approach that usually costs more and does not cover region-specific mycotoxin problems. For example, maize from the Americas is often contaminated by aflatoxins, but maize grown in Europe usually suffers from a host of totally different mycotoxins! If your sources of cereals are variable, then it is best to use a coctail of anti-mycotoxin agents with a wide spectrum of coverage.
Balanced Diets

This is easier said than done, as it requires the use of a growth model to compare nutrient requirements versus nutrient supply. And, this is the first step! Then, a qualified nutritionist is required to assess the changes needed to match the two together in an effort of cutting cost by reducing excesses, covering deficiencies, or preferably both. INRA (France) has recently released such a growth-nutrition model (InraPorc), which appears to be quite promising, especially in the hands of a qualified nutritionist!

Pelleting?

Indeed, pelleted feed is most likely to improve feed/gain by 5 to 15% depending on diet nutrient composition, ingredients used, and of course, the weight class of the animals. For example, greater improvements are expected in younger animals. As always, the extra cost of pelleting should not be greater than expected benefits, especially when the price of fuels is extremely high!

ALTERNATIVE CEREALS IN PIG FORMULAS

Usually this is the first solution that comes in mind when cereal prices go up. But, unless you lock in a large quantity of such alternatives before the market adjusts, it is highly unlikely such ingredients will remain price competitive for long. It is a fact in world trade, when the prices of reference ingredients increase, then prices of alternatives also increase just below the point where the use of such alternatives is no longer financially rewarding.

Wheat, of course, is the grain of choice for pig diets in most of Europe, Canada, and parts of Asia and it is frequently used up to 100% of the cereal portion of the diet (in other words, wheat is often the only cereal used).  Apart from slightly lower energy content than maize, wheat is rarely the cause of any real problems (Table 1). Actually, some preference studies demonstrated that wheat is the cereal of choice for piglets, when compared to corn, barley, and oats. However, there is a great amount of variability among wheat varieties and even batches of the same variety. Wheat can be infected by mycotoxins, like most cereals, and also contains relatively mild levels of anti-nutritional factors, mostly arabinoxylans, which reduce its nutritive value. To this end, when varieties with high levels of arabinoxylans are used, an enzyme (xylanase) is often recommended, especially if wheat is the major cereal in a diet. Fine grinding (500 μm) of wheat will improve nutrient utilization but will also cause feeder bridging when diets are fed in meal form. It may also aggravate ulcer problems in stressed pigs. On the other hand, coarse grinding (1200 μm) will result in lower digestibility and increased nutrient excretion.  Thus, medium grinding (600 μm) seems to be preferred for many reasons.  Soft and hard varieties have been shown to support equal performance in pigs, when of equal quality.

[image: image1.png]TABLE 1
Feeding wheat or maize to nursery pigs °

Waize Wneat
Performance Raw _ Cooked  Raw Cooked
Days 0-7 postweaning

Weight gain (g/day) 142 137 141 129
Feed intake (glday) 193 199 188 72
Days 0-21 post-weaning

Weight gain (giday) 286 283 285 304
Feed intake (gday) 488 430 460 447

" Atotal of 160 pigs (14 days of age and 4.3 kg) were used i four repiicates per
reatment.
 Cereal source and thermal processing had no effects on growth performance.

Adapted from ‘Applied Nutrition for Young Pigs’, 2006, I. Mavromichalis, CABI.




Sorghum has been traditionally considered undesirable for pigs and especially for nursery diets because of its high tannin content. In the past, it was only fed in cases where maize was unavailable or growth performance losses outweighed the extra cost of feeding maize-based diets. Growth depression is caused by lower nitrogen digestibility as indigestible tannin complexes are formed in the intestinal lumen. However, newer sorghum hybrids have considerably lower tannin levels compared to the older bird-resistant varieties. Thus in many recent studies using both simple and complex diets, sorghum grain has been used without the growth performance loss or palatability problems seen in earlier experiments. In a recent study, when sorghum varieties were compared based on their hardness, soft varieties outperformed hard ones in terms of growth performance and nutrient digestibility (when ground to an average particle size of 500 μm). It has been, thus, suggested that new low-tannin, soft sorghum grain cultivars can replace totally maize even in nursery diets. In any case, it is suggested that sorghum should never replace wheat or maize suddenly but only in a gradual manner, and when tannin concentration is unknown, sorghum should not exceed 50% of the cereal portion in gestating and finishing diets, and 30% of the cereal portion in lactation and nursery diets.

Rice is grown mainly for human consumption and as a result its use in pig diets is rather limited. However, when good quality rice flour (no hulls) was fed to nursery pigs performance was equal or even better when compared to the performance of maize-fed piglets. Paddy rice and rice hulls are not recommended for young pigs.  On the other hand, full fat rice bran has been fed (up to 15%) in weaner diets with no negative effects.  Oil rancidity may be a problem in this type of diets, though.  In conclusion, besides price and quality, no real problems should arise from the use of white rice in nursery diets. For older pigs, broken rice may occasionally become available locally, and this can be freely fed to pigs without any problems replacing 100% of all other cereals.

Oats are high in crude fiber (12%) and consequently low in energy. This fact has been reflected in many studies where dietary levels of up to 30% markedly reduced post-weaning performance of piglets offered simple diets.  However, higher concentrations (up to 50%) were better tolerated when diets were pelleted.  Today, not much oats are fed to young pigs mainly because oats is a valuable commodity for the human food industry and thus relative expensive.  On the other hand, naked oats have been reported as able to totally replace maize in well balanced complex nursery diets. Although there is little scientific evidence of any beneficial effects of oat groats over maize in high nutrient density diets, they can be easily found in many nursery diets. The use of oat groats or other products (e.g., oat flour) should be a purely price- and(or) marketing-based decision, when complex diets are in question. For older pigs and breeding animals, specialty oat products like those used in piglet feeds are not economical enough to be used. However, whole oats are often available at reduced prices and these can be used up to meeting the crude fiber content of the diets, which should not exceed 5% in most cases. Thus, whole oats are frequently limited to 50% or less of the cereal portion of such diets.

Barley is also high in fiber and has a high β-glucan content, which altogether make it rather unsuitable for nursery diets, but it is used quite tolerably in other pig formulas, almost invariably with wheat. Enzyme (beta-glucanase) supplementation has been shown to enhance growth performance in some studies, but its effects are less profound in pigs than in broilers, and certainly have to do with the quality of barley. Hulless barley is another option but its nutritional value is still not comparable to maize because of the high β-glucan concentrations present specifically in hulless barley. Two-row cultivars have been shown to have a lower nutritional value than six-row varieties, especially in young animals.  All in all, barley is better held off post-weaning diets.  In later nursery diets (above 10 kg of body weight) a growth performance drop should be anticipated from feeding barley, but above 20 kg of body weight barley can be used up to meeting the crude fiber specification of each feed. If barley is the sole or major cereal, then fat or oil must be also used in enhanced concentrations to make up for the deficit in energy, and in addition the use of a suitable enzyme is strongly recommended.

Triticale has been blamed for unpalatability, ergot infestation, and high pentosan concentrations that made early cultivars undesirable for weaned pigs.  However, recent varieties have been used with great success in rather simple nursery diets.   It has been reported that triticale should be included in nursery diets to replace no more than 50% of the grain share. In other pig formulas, triticale may be used without limitations but actual levels should be monitored because of the variability in quality. As triticale is a cross between wheat and rye (see below), it is high in pentosans and as such it needs enzyme fortification (a xylanase like in the case of wheat is sufficient).

Rye is extremely high in pentosans.  Feeding weaners with rye-based has shown variable results, with feed intake depression as the most common finding. Dustiness problems may also arise from feeding high-rye diets in meal form. Supplementation with pentosanases has been shown to somewhat increase pig performance but not to the levels supported by maize- or wheat-based diets. Ergot infestation is a major concern in rye and great care should be taken for such batches not to reach nursery diets. It is, thus, advised that rye should be gradually introduced into diets destined for pigs over 10 kg with final levels of no more than 10 to 15%, depending on quality. In finishing pigs and breeding animals rye, depending on quality, should never exceed one third of the total cereal fraction.

Table 2
Comparative Nutritive Value of Cereals

[image: image2.png]Cereal NetEnergy | Crude Protein Crude Fiber

MJ/kg % %
Maize RE 81 22
Wheat (soft) 105 105 22
Rice (wheat) 12 8 05
Oats (whole) 8 98 22
Tritcale. 103 96 23
Rye 99 9 19
Bariey 95 104 48
Sorghum 1 94 24





Adapted from ‘Tables of Composition and Nutritional Value of Feed Materials’, 2004, INRA.

General Considerations

Cereals should never be replaced on a 1:1 weight for weight basis because all cereals don’t have the same nutritive value (see Table 2). As such, 100 kg of maize should never be replaced in any formula with 100 kg of wheat, even if the wheat is of the highest quality. If this happens, then animal performance is most likely to suffer. Diets with alternative cereals should be balanced properly for energy, amino acids, and minerals. It is strongly suggested that the Net Energy system is used and the amino acids are balanced on the Standardized True Ileal Digestibility basis. This is important because other systems are based on common cereals and they are prone to under- or over-estimate new cereals. Any qualified nutritionist should be able to use these new nutritional tools without problems and as such seeking such assistance is strongly advocated. In addition, when changing cereals, mycotoxins are rarely the same! Thus, the correct anti-mycotoxin agent should be identified and used at the proper level. For example, the major mycotoxin in maize from the USA is aflatoxins, and for these a sepiolite product is sufficient. In contrast, the same product is completely ineffective when wheat from Ukraine infected with vomitoxin is used. Finally, the degree of grinding fineness and the handling characteristics of the ground cereal and feed should be well established before these cereals are purchased to avoid unpleasant surprises, such as feed stuck in silos, and loss of performance (Figure 1).
Figure 1
Wheat particle size affects greatly performance in young pigs.
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Adapted from ‘Applied Nutrition for Young Pigs’, 2006, I. Mavromichalis, CABI.

ALTERNATIVES TO SOYBEAN MEAL

Prices of soybean meal and crystalline amino acids remain volatile. From time to time, there is considerable interest for less well known protein sources, either because of availability or reduced price opportunities. When such cases arise, it is important to know two key elements: anti-nutritional factors that need to be evaluated, and maximum inclusion rate for each class of pigs. This information along with the nutrient profile will help the nutritionist determine the level at which such alternative protein sources can contribute in existing diets to reduce feed cost without affecting animal performance. Below is just an introduction for some common alternative protein sources. The figures suggested are for ‘educational’ purposes and should not be used without consulting first with a qualified nutritionist that knows first-hand the raw material in question and the farm/animals where they are to be used.

Rapeseed
Rapeseed (Brassica napus and Brassica campestris), a member of the same family as mustard, cabbage, and turnips, is a major oil yielding crop, being third after soybeans and palm. It is cultivated in regions with colder climates that are usually unsuitable for growing soybeans. 

Regular varieties of rapeseed contain high levels of anti-nutritional factors that cause problems in all animals. These factors include glucosinolates (goitrogenic), erucic acid (toxic), tannins, sinapine, phytic acid, and mucilage. The most important for animal production is glucosinolates that reduce feed palatability due to their ‘hot’ and pungent taste (same as mustard and horseradish).

As these anti-nutritional factors are not greatly affected by heat treatment, it has been only through plant breeding that their presence has been significantly reduced. Modern varieties of rapeseed that are low in glucosinolates  or erucic acid are often referred to as 0-rapeseed. Those low in both glucosinolates and erucic acid are referred to as as 00-rapeseed. The latter is the most common variety used today worldwide for oil production for human consumption.

Feeding normal rapeseed meal (not double-zero). If rapeseed with normal (higher) levels of glucosinolates and erucic acid is to be fed to pigs, then naturally, usage must be limited to avoid reduced performance and ensure animal health. Normal rapeseed meal should be used only in diets for finishing pigs (above 60 kg live weight) and gestating sows. In both cases, a maximum inclusion rate of 10% is recommended.

Feeding 00-rapeseed meal. Rapeseed meal from ‘double-zero’ varieties (including authentic Canadian canola) can be used more freely than normal rapeseed meal. In such cases, it is best to first limit inclusion of 00-rapeseed meal up to 25-50% of current soybean levels. In reality, this has been proven often to be the best case scenario. Although there are several research reports where 00-rapeseed meal has successfully replaced soybean meal 100%, in practice this should be avoided unless its quality is assured and diets are balanced and double-checked by a qualified nutritionist.

In more practical terms, 00-rapeseed meal may be used safely up to 5-10% in young pigs and up to 15-20% for older pigs. Well balanced diets for gestating sows can be based solely on 00-rapeseed meal as the major protein source (zero soybean meal diets). Diets for lactating sows should include no more 00-rapeseed meal than is necessary to reach the maximal crude fiber specification.

Maize gluten
Maize gluten is a by-product of the starch industry. Maize gluten meal is basically just the protein gluten, where maize gluten feed is gluten plus hulls. There are three maize gluten products available in the market today. Maize gluten meal with 60% crude protein containing no hulls. Maize gluten feed with 20% protein contains all hulls from the starch production process. And, finally, maize gluten meal with 40% protein, being a blend of the other two products, or a blend of gluten and half the hulls.

Feeding maize gluten products. Due to low energy content, maize gluten feed is best avoided in diets for piglets. On the other hand, assuming diets are properly balanced for all amino acids, including valine and isoleucine, maize gluten meal at 60% crude protein can be used up to 10% in diets for piglets. Older pigs and sows can consume diets containing up to 20% maize gluten meal, but less maize gluten feed (to the point where diets are balanced for energy and amino acids). Of course, these are general, conservative numbers. Under proper nutritional guidance, up to 30% or even more maize gluten meal/feed can be used in certain diets. Indeed, a study conducted at the University of Kentucky indicated that up to 80% maize gluten feed can be used in diets for gestating sows without any problems.

Sunflower
Sunflowers (Helianthus annuus) are grown mostly in cold climates for their seeds. These are used for oil production or as a confectionary item. There are distinct varieties for each use because confectionary seeds are not rich enough to be used for oil production. Sunflower meal is the residual matter after oil extraction, usually by the use of solvents (as in the case of soybeans), but also by hydraulic pressure (old method). The latter method produces sunflower meal rich in residual oil, and this should be taken into account during feed formulation.

All pigs will readily consume diets based on sunflower meal. This is due to the fact that sunflower meal contains a small amount of sugars, which give a sweet taste to pig feed. This is very important in piglet feeds where a sweet taste is often simulated by the use of artificial chemical sweeteners. Sunflowers contain no known anti-nutritional factors, in contrast to other protein sources such as soybean meal that contains a plethora of such compounds. Nevertheless, the use of sunflower meal in pig diets is restricted by its concentration in crude fiber, something that is considered undesirable in diets for piglets, growing pigs, and lactating sows - at least when crude fiber concentration exceeds 3-5% in the final complete diet.

Sunflower meal is available commercially in three forms, depending on the level of hulls in the final product (see Table 3).

Table 3

Types of commercial sunflower products for animals.

	Typical Analysis
	Protein (%)
	Oil (%)
	Fiber (%)

	Whole seeds
	14-16
	28-45
	16-28

	Sunflower meal
	28
	1-2
	25

	Partially dehulled meal
	33
	1-2
	21

	Dehulled meal
	38
	1-2
	14


 Dehulled sunflower meal, that contains no hulls. This has about 38% crude protein and 14% crude fiber. This is the preferred type of sunflower meal for piglet and lactation diets.

Partially dehulled sunflower meal, that contains a part of the hulls. It contains 32-35% crude protein, and 20-25% crude fiber. The exact levels depend on the concentration of hulls. This product is suitable for growing pigs and gestating sows.

Standard sunflower meal, that contains all the seed hulls. Here, the crude protein concentration is usually less than 30%, with around 25-30% fiber. This product should be avoided in diets for piglets, and used only sparingly in diets for lactating sows and growing pigs. In contrast, it can be a very useful ingredient in diets for gestating sows that require a high level of crude fiber - especially for group housed sows fed ad libitum.

Sunflower seeds (full fat) are often available for animal consumption after being discarded by the oil or confectionary industry for a number of reasons pertaining to their quality. Whole seeds contain about 16% crude protein, 45% oil, and 16% crude fiber. Research conducted in the 80s has demonstrated that the high fiber content makes whole seeds equally unsuitable with sunflower meal when used in high concentrations in pig diets. But, in addition, it appears the high oil content in full-fat seeds creates further feed intake problems, related to palatability, even in cases where a high-fiber concentration was not a major concern, such as in gestating sows. Thus, it has been proposed to reduce the inclusion level of full-fat sunflower seed to 10% in piglet diets and diets for growing pigs, and to 25% in lactation and gestation diets.

Minor legumes
Fababeans (Vicia faba) is a legume related to the garden beans (those beans consumed by humans). The are two major types of fababeans: those from white-flower varieties and those from colored-flower varieties. Their chemical composition and nutritive value is about the same, but the colored-flower varieties contain more tannins. Tannins (usally about 0.3 to 0.5%) reduce feed intake, and depress digestibility of protein and energy. Other major anti-nutritional factors in fababeans include trypsin inhibitors (at levels below those found in raw soybeans) and hemagglutinins (at levels many times those found in raw soybeans).

The presence of these anti-nutritional factors make necessary the use of raw fababeans in limited levels in diets for pigs. The maximum level below which problems are few is around 15%. In diets for young pigs, this level should be 5-10%. It is possible to feed up to 20% fababeans in diets for finishing pigs, but if the fababeans are from colored-flower varieties, feed intake will be reduced. Feeding high levels of fababeans creates a large volume of gastrointestinal gases that cause constipation in lactating and gestating sows. In general, fababeans should be introduced gradually in pig diets starting from 5% and not exceeding 20%.

Field peas (Pisum sativum) are grown mainly for human consumption, but large quantities are made available for livestock feeding due to many reasons (quality, over-production, prices, etc). Like all legumes, field peas contain several anti-nutritional factors, of which the most important are: trypsin-inhibitors, hemagglutinins, and cyanogenic glycosides, in order of importance. Nevertheless, in most cultivated varieties, these anti-nutritional factors are in such low levels that they do not pose a great level of risk when peas are fed raw, that is without any heat-treatment. This is especially true, when inclusion levels are rather low, and the animals are either of progressed age (finishing pigs) and used to eating peas from earlier in life.

In diets for piglets, the maximal inclusion rate of raw peas is 15%. Above this level, feed intake drops and growth is impaired. In some cases, higher levels can be used if digestible tryptophan levels in the whole diet are properly balanced. For growing-finishing pigs, field peas can totally replace soybean meal, as long as the diets are balanced in energy and amino acids. For breeding pigs, results are mixed, and when using varieties with high levels of anti-nutritional factors, breeding performance can be impaired when feeding more than 10% peas. In some studies, feeding up to 25% field peas did not affect reproductive performance.

Lentils (Lens culinary) become occasionally available to the animal industry, especially when they suffer from quality problems (such as frost damage, discoloration, or seed damage). Nevertheless, these issues do not pose any problems when such lentils are fed to pigs of all ages. Care should be taken when using lentils: the diets should be balanced on digestible amino acids, because not all crude protein in lentils is true protein - lentils contain about 7% non-protein nitrogen!

The major anti-nutritional factor in lentils is protease inhibitors, but these are not present in sufficient quantities to depress pig performance. Thus, up to 30% raw lentils have been used with success in growing finishing diets (Table 4). Nevertheless, in diets for very young pigs it is always prudent to use conservative levels, starting at no more than 10% in high quality formulations.

Table 4

Feeding lentils to growing pigs 
	
	Lentils added in diets for 23-100 kg pigs

	Item
	0%
	10%
	20%
	30%

	Weight gain (g/day)
Feed intake (g/day)
Feed efficiency
	820
2530
3.09
	830
2480
2.99
	860
2560
2.98
	860
2580
3.00


Adapted from Bell and Keith (1986), Canadian Journal of Animal Science, 66:529.i
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