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Introduction:

The present report is prepared as a response to Appendix C11 of “Proposed Regulation to Implement the Low Carbon Fuel Standard, Volume II, Appendices” by the Air Resource Board from the California Environmental Protection Agency that carries a release date of March 5, 2009. Appendix C11 describes a “Co-product Credit Analysis when using Distiller’s Grains Derived from Corn Ethanol Production”.  Staff at the Air Research Board prepared the Appendix. 
The Appendix describes the feeding value of distillers dried grains with solubles (DDGS) when used in diets fed to dairy, cattle, poultry, and swine. Unfortunately, the Appendix is filled with factual errors that make one question all the conclusions that are reached. As it is outside the area of expertise of this author to comment on all livestock species, comments will be limited to those related to feeding DDGS to swine. The comments will be divided into a section specifically related to some of the erroneous conclusions in Appendix 11 and a section that summarizes current recommendations and practices on feeding DDGS to swine.

Comments to Appendix 11:

1. It is postulated that “ARB staff conducted an extensive review of the literature” (Page C-52). This is a direct misrepresentation of the work in Appendix 11. The review includes a total of one reference to feeding DDGS to swine – and that reference is from 1993 (Cromwell et al., 1993). In a recent review of feeding DDGS to swine, a total of 83 references that describe research conducted to evaluate the use of DDGS in diets fed to swine were identified (Stein and Shurson, 2009). To postulate that “an extensive review” has been conducted based on one 16-year old reference is not only laughable, but also untrue. Yet, the authors make conclusions about the use of DDGS in swine diets based on this limited work and many of the conclusions related to swine are not discussed in the listed reference. 

2. The compositional values for DDGS that are listed in Table C11-1 are misrepresented. The range of values for nutrient concentration is incorrect for several nutrients (phosphorus, fat, sulfur). The digestibility of phosphorus is listed as 80 – 90, which is not correct (Pedersen et al., 2007; Widyaratne and Zijlstra; Stein et al., 2009). The availability value of 16.8 – 28.8% for protein is completely without merit. In diets fed to swine, the retention of protein from DDGS is between 50 and 60% if diets are formulated correctly – this is the same value as that achieved for pigs fed diets based on corn and soybean meal.  The authors fail to give references for these incorrect numbers – because there are no references for these values. They are simply not true.
3. The Maillard reaction is mentioned as a problem that contributes to low protein utilization (Page C-52). While it is correct that Maillard reactions may sometimes occur during the production of DDGS, it is not correct that this necessarily leads to a low utilization of protein. The Maillard reaction mainly affects the amino acid Lysine and the problem is easily corrected by inclusion of crystalline Lysine in diets containing DDGS. It is, therefore, recommended that if DDGS is included in diets fed to swine, then crystalline Lysine should also be used (Stein, 2007) Again, if diets are formulated correctly, the protein utilization in DDGS containing diets is similar to that of corn-soybean meal diets. 

4. It is postulated (Page C-53) that urinary calculi is a problem “particularly in hogs”. This statement is completely untrue. Urinary calculi is not a problem in swine and no reference for this false postulate is provided. Diets containing DDGS need to contain sufficient quantities of calcium, which is easily accomplished by adding limestone to these diets, just like is done in all traditional diets fed to swine. 
5.  The phosphorus in DDGS is mentioned as a problem that leads to “increased excretory of phosphorus” (page C-53). This is also an untrue statement. In fact, the inclusion of DDGS in diets fed to swine reduces the excretion of phosphorus because of the greater digestibility of phosphorus in DDGS compared with corn and soybean meal. In a recent experiment at the University of Illinois, this was clearly demonstrated (Table 1). Thus, the inclusion of DDGS in diets fed to swine reduces the excretion of phosphorus – it does not increase the excretion as claimed by the authors. 
6. A small particle size in DDGS is claimed to “predispose hogs to ulcers when DGS is used in the feed” (Page C-53). Again, this is an absolutely untrue postulate that is not based on any scientific work. In fact, the average particle size in DDGS is very close to that recommended for swine (approximately 650 microns) and to my knowledge, there are no documented cases of ulcers caused by DDGS fed to pigs. 

7. The authors claim that “livestock managers generally lack the information they need on the potential advantages of DDGS when utilized in conjunction with nutrient efficient management” (page C-54). This is another absurd claim that is made without any scientific references. As a Swine Extension Specialist, I work with producers on a daily basis and I know for a fact that swine producers generally are very well informed about how to utilize DDGS in their rations. In addition, there is a plethora of information directly related to swine producers to ensure that they have the knowhow to utilize DDGS in the most effective way (as an example, see Stein, 2007).

8. Under “Staff Recommendations” (page C-54) it is postulated that “it is evident that significant barriers to the widespread adoption of DDGS as livestock feed exist”. The reality is that swine producers, like other livestock and poultry producers, have been amazingly quick to adopt and embrace feeding diets containing DDGS. The total usage of DDGS in diets fed to swine in the US has increased from around 100,000 Metric tons in 2001 to more than 3 million Metric tons in 2008. From this usage it is evident that swine producers have been exceptionally successful in taking advance of the opportunity of feeding DDGS to swine. 

9. It is claimed that the price of DDGS will go up if the price of corn is increased and that “higher prices render DDGS less cost-effective as a replacement feed, particularly where soybean meal is to be replaced”. This statement is in direct contrast to the historical pattern of price relationships. Prices of soybean meal have always increased as the cost of corn went up. The cost-effectiveness of DDGS has actually increased every time the cost of corn has increased and there is no basis for suggesting that the opposite is the case. 
10. In the reference section, a reference from San Diego State University by Kent Tjardes and Cody Wright is listed (reference #8). This is a reference that the authors must have invented - because Kent Tjardes and Cody Wright have never published anything that was published by San Diego State University (I have checked with Dr. Wright). 

General comments about feeding DDGS to pigs:
1. Composition of DDGS and digestibility of nutrients. A large number of research projects have been completed with DDGS and there is a large database for nutrient composition of DDGS (Spiehs et al., 2002). Results of this research has documented that the concentration of digestible energy in DDGS is similar to that in corn and slightly greater than in soybean meal (Pedersen et al., 2007; Stein et al., 2009). This means that when DDGS is included in diets fed to pigs, the energy concentration will not be reduced.  
2. Phosphorus concentration and digestibility. DDGS contains between 0.6 and 0.8% phosphorus as apposed to approximately 0.26% in corn and 0.65% in soybean meal. The digestibility of phosphorus in DDGS by swine is between 50 and 69% (Pedersen et al., 2007; Widyaratne and Zijlstra, 2007; Stein et al., 2009). In contrast, the digestibility of phosphorus in corn and soybean meal is less than 30% (NRC, 1998; Pedersen et al., 2007). As a result, the inclusion of total phosphorus in the diet can be reduced when DDGS is used, which in turn will reduce the excretion of phosphorus from pigs, and thus help reduce the release of phosphorus to the external environment. This was clearly shown in a recent research project conducted at the University of Illinois, where pigs fed a corn-soybean meal diet excreted 1.68 g of phosphorus per day while pigs fed a corn-soybean meal-DDGS diet excreted only 1.43 g of phosphorus per day although the intake of phosphorus was nearly identical between the 2 diets (Table 1). Pigs fed the corn-soybean meal-DDGS diet simply retained a greater proportion of the daily phosphorus intake than the pigs fed the corn-soybean meal diet. 
3. Recommended substitutions for DDGS in diets fed to swine. Corn contains approximately 8.5% crude protein, soybean meal contains approximately 47.5% crude protein, and DDGS contains approximately 28% crude protein. Because of the medium crude protein concentration in DDGS compared with corn and soybean meal, DDGS replaces both corn and soybean meal in the diets. To maintain a proper crude protein and amino acid concentration in the diets it is recommended that for each 10% DDGS that is used, the inclusion of corn is reduced by 5.7% and the inclusion of soybean meal is reduced by 4.25% (Stein, 2007; Table 2). Concentrations of inorganic phosphorus (monosodium phosphate or dicalcium phosphate) can be reduced as DDGS is included in the diet because of the greater concentration and digestibility of phosphorus in DDGS than in corn and soybean meal, but the concentration of crystalline Lysine and limestone need to be increased. This means that on a percentage basis, DDGS replaces approximately 57% corn and 42.5% soybean meal. The consequence of this is that the value of DDGS is considerable greater than the value of corn. 
4. Effects of including DDGS in diets fed to swine. A large number of research projects have been completed to evaluate the consequences of including DDGS in diets fed to swine. In a recent review (Stein and Shurson, 2009) data from 83 references were used to summarize this research. For weanling pigs, a total of 10 experiments were summarized and for growing finishing pigs, a total of 25 experiments were used (Tables 3 and 4). In these experiments, pigs were fed diets containing corn DDGS, but there were other experiments in which pigs were fed wheat DDGS or sorghum DDGS.  Based on the summary in the review, it was concluded that “DDGS can be included in diets fed to growing pigs in all phases of production beginning at 2 to 3 wk post-weaning in concentrations of up to 30% DDGS, and lactating and gestating sows can be fed diets containing up to 30 and 50% DDGS, respectively, without negatively affecting pig performance”. 
5.  Economics of using DDGS in diets fed to pigs. Because of the greater nutritional value of DDGS than of corn, the economic value of DDGS is also greater than of corn. The exact value of DDGS depends on the cost of not only corn and soybean meal, but also on the cost of monosodium phosphate and crystalline Lysine. With current costs of monosodium phosphate at $500 per ton and crystalline lysine at $1.75 per kg, the value of DDGS can be calculated under different scenarios of the cost of corn and soybean meal (Table 5). It appears from this analysis that the economic value of DDGS is always between the cost of corn and the cost of soybean meal. Because corn is less expensive than soybean meal, the value of DDGS is always greater than the value of corn (on a per ton basis). Only in the unlikely event that the cost of soybean meal is lower than the cost of corn will the cost of DDGS be lower than that of corn. Thus, the economic value of DDGS follows a pattern that is similar to the nutritional value with DDGS having a value that is in between the value of corn and soybean meal. 
Summary and Conclusions:
The report prepared by the staff at the AIR Resources Board and presented in Appendix 11 is poorly completed and the conclusions that are reached are not supported by data from the scientific literature. The work is based on very few references (for swine only one!) and at least one of the references listed in the Appendix is incorrect or falsified. 
Published research has documented that DDGS may be included in diets fed to growing and reproducing swine in concentrations of at least 30% of the diets. At this inclusion rate, no reduction in performance will be observed if diets are formulated correctly. Diets containing DDGS need to be fortified with crystalline Lysine, which ensures that the availability and utilization of protein in DDGS is utilized to the same extent as the protein in corn-soybean meal diets is utilized. Because of the high concentration and digestibility of phosphorus in DDGS, less inorganic phosphorus need to be used and the excretion of phosphorus to the environment will be reduced if DDGS is included in the diet. 

One of the conclusions in Appendix 11 is that DDGS has the same value as corn, but no scientific basis for this conclusion is provided. As pointed out in this report, when DDGS is included in diets fed to swine, DDGS will replace approximately 57% corn and 42.5% soybean meal. The economic value of DDGS is, therefore, dependent on the price relationship between corn and soybean meal, but because soybean meal is usually much more expensive than corn, the value of DDGS is usually also much greater than the value of corn. Swine producers can, therefore, pay more for DDGS than for corn without increasing diet costs. As illustrated in this report, in most cases, the break even price for DDGS is between 1.2 and 2 times that of corn. 
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Table 1. Effects of including 20% DDGS in diets fed to growing pigs on pig performance, phosphorus retention and phosphorus excretion a
	Item
	Corn-soybean meal
	Corn-soybean meal-DDGS

	  Phosphorus intake, g/day
	3.74
	3.79

	  Phosphorus retention, g/day
	2.11
	2.35

	  Phosphorus retention, % of intake
	56.0
	62.2

	  Phosphorus excretion, g/day
	1.68
	1.43

	  Phosphorus excretion, % of intake
	44.9
	37.7


a Data from Almeida and Stein (2009). Unpublished. 

Table 2.  Replacement value of 10% distillers dried grains with solubles (DDGS) in diets fed to growing and reproducing swinea
	Item                             
	Changeb

	  Corn
	↓ 5.70

	  Soybean meal, 48%
	↓ 4.25

	  MCP, %
	↓ 0.20

	  Fat
	↓ 0.05

	  L-Lysine HCL
	↑  0.10

	  Limestone
	↑  0.10


a Data from Stein (2007).
bIf more than 20% DDGS is used in these diets, 0.015% of crystalline L-tryptophan needs to be included in the diet for each additional 10% DDGS that is used.
Table 3. Effects of including corn distillers dried grains with solubles (DDGS) in diets fed to weanling pigsa
	
	
	Response to dietary corn DDGS, No. of experiments 

	Item 
	N
	Increased
	Reduced
	Not changed

	ADG
	10
	0
	0
	10

	ADFI
	10
	0
	2
	8

	G:F
	10
	5
	0
	5

	Mortality
	2
	0
	0
	2


        aData from Stein and Shurson (2009).

Table 4. Effects of including corn distillers dried grains with solubles (DDGS) in diets fed to growing-finishing pigsa
	
	
	Response to dietary corn DDGS, No. of experiments 

	Item
	n
	Increased
	Reduced
	Not changed

	  ADG
	25
	1
	6
	18

	  ADFI
	23
	2
	6
	15

	  G:F
	25
	4
	5
	16

	  Dressing percentage
	18
	0
	8
	10

	  Backfat, mm
	15
	0
	1
	14

	  Lean meat, %
	14
	0
	1
	13

	  Loin depth, cm
	14
	0
	2
	12

	  Belly thickness, cm
	4
	0
	2
	2

	  Belly firmness
	3
	0
	3
	0

	  Iodine value
	8
	7
	0
	1


      a Data from Stein and Shurson (2009).

Table 5. Economic value ($/ton) of DDGS under different combinations of costs for corn and soybean meal a, b, c
	
	Corn, $/ton d

	Soybean meal (47.5%), $/ton               
	71.4
	142.9
	214.3

	  200
	122
	163
	203

	  300
	165
	205
	246

	  400
	207
	248
	288


         a Calculations based on soybean meal containing 47.5% crude protein. 

        b For each combination of costs for corn and soybean meal, the price indicated for DDGS will result in identical diet costs for a corn-soybean meal and a corn-soybean meal-DDGS diet. 

         c One ton = 907 kg. 

       d The prices indicated for corn equals $2, 4, or 6 per bushel (25.45kg).

