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Does Peroxide Value Affect Animal Performance?


Does Rancidity, As Measured by Peroxide Value, Affect Animal Performance?

C. R. Hamilton, Ph. D.1 and D. Kirstein, M.S.2
Darling international Inc.
Rancidity refers to the oxidative state of fats, which is a characteristic that may have nutritional relevance and, in extreme cases, affect the well being of poultry and livestock.  However, these effects are poorly understood.  Most tolerances and standards used to evaluate animal feeds and ingredients for rancidity are derived from human thresholds for detecting off-flavors associated with rancidity. Therefore, it is assumed that feeding fats that have undergone severe oxidation may reduce feed consumption and growth rate in animals.  

Oxidative rancidity is a complex process that is thought to occur in phases: (1) initiation, (2) auto-oxidation and (3) termination.  During each phase, the formation of products increase and decrease over time, as shown in Figure 1.  Hydroperoxides form when oxygen and unsaturated fatty acids combine in the presence of a catalyst (such as iron, copper, heat, light, enzymes, etc.) during the initiation phase.  These peroxides are reactive and can combine with other fats to form additional reactive products during auto-oxidation.  Hydrocarbons, aldehydes and ketones are formed during the termination or final phase.  These compounds are volatile, but relatively unreactive.

The best in vitro indicator of rancidity for feeds and feed ingredients has not yet been defined.  Rancidity is a qualitative term or state that is not chemically defined and is not quantifiable. As a result, a number of different methods have been used to test for various intermediates or products of oxidation.  However, these products are “moving targets”, so it is not possible to predict the best indicator of fat oxidation.

N-PAL (2001) described various methods used to predict or interpret the rancidity of fats.  Their review was used in developing the following list:

Active Oxygen Method (AOM) attempts to predict the stability of a fat by bubbling air through the sample under specific conditions for flow rate, temperature and concentration.  Peroxides are measured at time intervals.  The number of hours required to reach 100 milliequivalents (meq) of peroxide per kg of fat is reported as the AOM for the fat.  This method is time consuming and seldom used any more.

 The thiobarbaturic acid (TBA) test measures aldehyde formation as an indicator of the stability or rancidity of fats.  The test was originally developed to detect malonaldehyde, but other aldehydes also react with 2-thiobarbituric acid. However, aldehydes are volatile - low molecular weight compounds and may be lost when fats are heated for extended periods of time as is necessary to facilitate handling and processing in a feed mill. The TBA test is most often used to determine the stability or antioxidant status of animal tissues, such as plasma, serum, organs and other tissues.

p-Anisidine Value is another indicator method.  Anisidine reacts with the non-volatile portion of fatty acids left behind when hydroperoxides break down to aldehydes.  The aldehydes are volatile and follow the same formation-degradation curve as other oxidation products.  Even if aldehydes are no longer detectable with the TBA test, the Anisidine value may still indicate that the fat has been oxidized because the residues detected are not volatile.  While this method may provide some indication of the oxidative history of a fat, it is not suitable for the detection of fat oxidation.

Oxidative Stability is a predictive test that measures resistance of a fat to oxidation and gives some indication of shelf-life.  Heat, oxygen and catalytic metals accelerate the rate of oxidation.  Saturated (harder) fats are more resistant to oxidation than unsaturated (soft) fats.  The cost of this analysis is approximately two times that of the AOM test.

Peroxide Value (PV) is the most widely used indicator of fat oxidation.  A peroxide value is required only for USDA certified edible animal fats, such as tallow or lard. However, the feed industry also uses PV to assess the stability or rancidity of fats used as feed ingredients, by measuring lipid peroxides and hydroperoxides formed during the initial stages of oxidation.  Values are reported as meq of peroxide per kg of fat.  It should be noted that difficulties in the titration end point are common for low PV levels, which may account for a portion of the high variability generally associated with the method.

Peroxides (O2) are intermediate products of fat oxidation and breakdown rapidly to aldehydes, ketones and other products. An example of a peroxide production curve is shown in Figure 2 using choice white grease exposed to heat and oxygen for 11 days (DeRouchey et al., 2000). The peroxide values peaked on day 7 at about 105 meq/kg of fat and subsequently declined to baseline values.
Determining Peroxide Value

Peroxide value is most often determined using the AOCS Official Method Cd 8-53 (same as AOAC Official Method 965.33).  An alternative procedure that is sometimes used is AOCS Official Method Cd 8b-90, which uses isooctane instead of chloroform as a solvent.  These procedures all measure the milliequivalents of peroxide per kilogram of fat.  In order to determine the PV on a sample of protein meal (such as meat and bone meal) it is necessary to first extract the 5 grams of fat needed for the procedure.  

Unfortunately, there is no standard extraction procedure for obtaining fat from protein meals on which to subsequently perform a PV test.  One area of disagreement is the solvent used for the extraction.  Some of these solvents include hexane, hexane:methanol, and pet ether. One could argue that the hexane:methanol solvent provides the best mixture to most efficiently extract tri-, di-, and mono-glycerides as well as more polar free fatty acids.  However, the use of a standard solvent has not been established.  PV results can be expected to vary when comparing fats extracted from meals using different solvents.  

Another issue involving the extraction step involves how the solvent is evaporated from the fat.  It is critical to evaporate the solvent without using elevated temperatures and under a stream of nitrogen gas.  Overlooking this step in the extraction process will itself cause a rise in the PV.  Laboratories in the United States have not universally adopted this step.

 

The American Oil Chemists’ Society (AOCS) notes that the official PV method is “highly empirical, and any variation in the test procedure may result in variation of the results” (AOCS, 1997).  Variation in the sample size of extracted fat appears to be a good example of this.  Although the method calls for a standard 5 grams of fat, when labs run short on meal volume, they may run the PV test on whatever amount of fat they were able to extract.  Preliminary results comparing different sample sizes appear to confirm AOCS’s warning that doing so will cause variation in the results (National By-Products Analytical Lab, 2003).  In addition, Fiebig (2003) reported that sample size strongly influences the PV obtained.  He further suggested variability in the quantity of sample to be the most likely cause of poor reproducibility limits.  
Given the empirical nature of the PV test and no official method for extracting fat from protein meals, it is important that buyers and sellers agree upon the methodology.  Prior agreements should be made to have involved laboratories follow identical protocols.  Arrangements should also be made for a referee lab to follow the same procedure in order to arbitrate any conflicting results.

Interpreting Peroxide Value Results

Nutritionists and buyers have arbitrarily established maximum initial PV levels of between 5 and 20 meq O2/kg of fat as acceptable.  The origin of these standards is unknown.  Carpenter et al. (1966) suggested the source to be from the footnote to a table in a paper published in 1941 (Gray and Robinson).  The footnote gave analytical data for a series of meat meal samples and included the comment: “a fat with a peroxide value of more than 20 is definitely rancid”, even though they concluded later in the paper that such “rancid” meat meals may be fed to animals without harm. 

Poultry and livestock are relatively resistant to all but excessively oxidized fats.  Peroxide values below 100 meq O2/kg of fat did not depress feed consumption or growth rate in broiler chickens (L’Estrange et al., 1966; Cabel and Waldroup, 1988) or turkeys (Lea et al., 1966). This is illustrated in Table 1.  Peroxide Values below 40 meq/kg of fat did not affect growth rate or the digestibility of nutrients, including unsaturated and saturated fatty acids, in young pigs (DeRouchey et al., 2000).  This is shown in Figure 3.

Pesti et al. (2002) fed diets containing either 3 % or 6 % of poultry fat, restaurant grease, choice white grease, an animal/vegetable blend, palm oil, yellow grease or edible soybean oil to broiler chickens.  All fat sources had similar initial PV levels, but their oxidative stability, measured by the Active Oxygen Method, varied from 2 to 370 meq O2/kg of fat.  Growth rate, feed consumption and feed conversion ratio were not affected by fat source or oxidative stability.  The authors further concluded that rancidity indicators, such as initial PV and AOM, were not correlated (P > 0.60) with broiler chick performance.

Because animal proteins can contain between 8 and 14 % fat, some nutritionist and regulatory officials have been concerned about their oxidative status. Only the fat portion is subject to oxidation.  Therefore, any PV determined on the extracted fat must be diluted accordingly before making inferences about the protein meal.  In addition, as with using pure fat, animals are quite resistant to the presence of peroxides in animal protein meals.  Growth rate, feed consumption and feed efficiency were not affected when broiler chickens were fed poultry byproduct meal (Kirkland and Fuller, 1971) or fish meal (Lea et al., 1966) containing oxidized fat having peroxide values of from 32 to 110 meq O2/kg of fat. Carpenter et al. (1966) reported that performance was not affected when pigs were fed oxidized (105 meq O2/kg of fat) meat meal (Table 2).

The importance of feeding oxidized fats to animals may be of less importance today than at the time that Gray and Robinson (1941) made their comments about rancid fats because of advances made in commercial antioxidants and fat soluble vitamins (vitamins A, D and E), which function as natural antioxidants.  Adding 125 ppm ethoxyquin alleviated the effects on performance that occurred when broilers were fed fat with 175 meq O2/kg (Cabel and Waldroup, 1988; Table 1).  Some growth reductions observed in commercial feeding that are attributed to fat stability issues, may actually be caused by insufficient supplementation of fat soluble vitamins and/or over supplementation with iron or copper.  However, because these vitamins are excellent antioxidants, attention must be given to the levels added to commercial feeds whenever fat is used, especially when complete feeds fortified with trace minerals are stored for prolonged periods of time in hot climates.

Establishing Acceptable Tolerances for Peroxides in Fat and Ingredients

The effects of increased peroxide concentration on broiler growth were predicted (Figure 4) using broiler performance data.  The curve clearly illustrates that growth rate is not affected at concentrations up to 100 meq O2/kg of fat, but may sharply decline at concentrations greater than about 150 meq O2/kg of fat.  

The growth rate of broilers was reduced when fed diets containing 5 % poultry fat with a PV of 175 meq O2/kg of fat (Cabel and Waldroup, 1988; Table 1) and 11 % vegetable oil with a PV of 156 meq O2 /kg of fat (Engberg et al., 1996). Based on these data, a negative response occurred when broilers were fed from 8.75 to 17.2 meq O2/kg of complete feed.  Peroxide levels of 5.0 (Cabel and Waldroup, 1988) and 5.45 meq/kg of complete feed (L’Estrange at al., 1966) did not affect broilers and can be considered to be safe.  

Studies conducted with monogastric animals suggest that 4 meq O2/kg or less in the complete feed will not affect performance.  Using this as a maximum acceptable PV will provide a safety factor of at least 25 %.  A fat source making up 5% of the diet could have a PV of up to 80 meq O2/kg of fat in order to reach 4/meq O2/kg in the complete feed.  

Even though a standardized method for determining the PV of fat in meat and bone meal has not been developed, it would be helpful to establish a maximum PV tolerance for meat and bone meal as well as feeding fats.  We recommend a tolerance of 80 meq O2/kg of fat in MBM and 40 meq O2/kg of feeding fats. These levels will provide adequate safety margins as shown in the examples below:

For Fat In Meat and Bone Meal:

	Tolerance in complete feed, meq O2/kg of feed
	4.0

	Level of meat and bone meal in complete feed, %
	5 

	Level of fat in meat and bone meal, % 
	12

	Level of fat from meat and bone meal, %
	0.6

	PV of fat in meat and bone meal, meq O2/kg of feed
	80 

	PV of complete feed, meq O2/kg of feed:

(fat level * PV of fat) = (0.6% * 80) 
	0.48 

	Safety factor (4.0/0.48 meq O2/kg of feed), %
	833


For Feeding Fat:                                                                                         

	Tolerance in complete feed, meq O2/kg of feed
	4.0

	Level of fat in complete feed, %
	5 

	PV of fat, meq O2/kg of feed                                           
	40

	PV of complete feed, meq O2/kg of feed:

(fat level * PV of fat) = (5.0% * 40) 
	2.0

	Safety factor (4.0/2.0 meq O2/kg of feed), %
	200


Summary
· Reliable and accurate indicators of rancidity in fats have not been developed.  Most laboratory methods either attempt to predict the oxidative status of fats or measure intermediary products of oxidation as indicators of rancidity.

· Peroxide Value is the most commonly used indicator of fat rancidity.  Peroxides are not static and may not accurately predict the oxidative status of fats.

· Standard methods have been developed for measuring peroxides in pure fats, but not for protein meals.  These methods are “highly empirical, and any variation in the test procedure may result in variation of the results”.

· A standard procedure has not been developed for determining the peroxide value of animal proteins.  Variation in sample size, oxidation of the fat while evaporating the solvent and methodology variation among laboratories suggest that peroxide values determined on animal protein meals may be inaccurate, unreliable and highly variable. 

· The buyer and seller must agree upon the methodology used to determine the peroxide value of animal proteins.  All parties should also agree on a third-party lab for arbitration.

· Peroxide levels of 100 meq/kg of fat can be fed to poultry without affecting performance, while young pigs can tolerate levels up to 40 meq/kg of fat.

· Fats should be stabilized with an antioxidant and the nutritionist should insure that diets are fortified with adequate levels of fat soluble vitamins.

· If is becomes necessary to establish a tolerance for peroxides in animal proteins, a maximum of 80 meq O2/kg of fat is recommended.  Because of their potential for higher dietary inclusion, we recommend a maximum of 40 meq O2/kg of feeding fats.
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Figure 3. Effects of Lipid Peroxides on Weanling Pig Performance
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Table 1. Effects of PV on Final Weight (kg) of Broilers Fed Poultry Fat With or Without Ethoxyquin for 49 Days. a
	Ethoxyquin
	Peroxide level (PV, meq/kg)
	Average

	added
	0
	50
	100
	175
	ethoxyquin

	0 ppm
	1.63 bc
	1.63 bc
	1.61  c
	1.53  d
	1.60

	62.5 ppm
	1.64 bc
	1.64 bc
	1.64  b
	1.56 cd
	1.62

	125 ppm
	1.65 bc
	1.64 bc
	1.60  c
	1.61 bc
	1.63

	Peroxide level average:
	1.64 x
	1.64  x
	1.61  x
	1.56  y
	


a   Cabel and Waldroup (1988), 5% poultry fat added to corn-soybean meal diets.

bcd Treatment means without a common superscript differ (P< .005).

xy   Main effect means without a common superscript differ (P < 0.05).

Table 2 . Effects of Feeding Fresh or High-Peroxide Meat Meal to Pigs .a

	
	Fresh
	High-Peroxide Meat Meal

	Item
	Meat Meal
	Without Vitamin E
	With Vitamin E

	Gain, kg/head
	40.37
	38.10
	41.27

	Feed Conversion Ratio
	2.55
	2.57
	2.53

	Vitamin A in liver

 (i.u x 10-3)
	29
	27
	26


a Carpenter et al., 1966. Diets contained 10 % meat meal, which contained 17% fat.  Peroxide value of the fat in oxidized meat meal = 105.  There were no treatment effects (P > 0.10).
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Figure 1.  Progression of Fat Oxidation
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Figure4. Predicted Effects of Peroxide Value of Fat on Broiler Growth.
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Typical Fat Sources

		TYPICAL ANALYSIS OF FAT SOURCES

		(As fed basis)

				Beef		Hog		Yellow		Restaurant		Acidulated

		Item		Tallow		Fat		Grease		Grease		Veg SoapStock

		Moisture, %		0.25-1.00		0.25-1.00		0.25-1.00		0.35-3.50		1.40-3.50

		Impurities, %		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.25		0.10-0.50

		Unsaponifiables, %		0.50-1.50		0.50-1.50		0.50-2.00		0.35-1.00		2.00-5.00

		Total MIU, %		1.00-3.00		1.00-3.00		1.00-4.00		1.00-5.75		3.50-9.00

		Free fatty acids, %		2.50-10.00		3.00-10.00		8.00-15.00		3.00-15.00		60.00-70.00

		Linoleic acid, %		2.00-5.00		9.00-12.00		9.00-15.00		15.00-26.00		45.00-55.00

		Unsaturate:Saturate		0.90-1.15		1.25-1.45		1.30-1.90		1.85-3.30		4.00-4.75

		Swine DE, kcal/lb		3500-3680		3590-3740		3540-3790		3565-3915		3378-3641

		Poultry ME, kcal/lb		3425-3605		3510-3670		3450-3720		3490-3935		3364-3677





Refining Process

						Crude Soy Oil (SO)																		Crude Soy Oil (SO)

								water																		caustic

		Waste water						Degummed SO																Non- Degummed Soapstock

		w/ gums								caustic																- Neutral oils (15-16%);  2.5% gums

						Refined SO				Soapstock																- FFA as soap (25-26%)

						- low FFA						- Neutral oils (36-37%)														- Water (~35%)

						-light color						- FFA as soap (7-8%)														- Impurities (23-24%);    9.5% gums

						-low impurities						- Water (~50%)

												- Impurities (5-6%)

																										sulfuric acid

												sulfuric acid

																				Waste water						Acidulated soapstock

						Waste water						Acidulated soapstock								- Some water soluble gums,								- Neutral oils

						'- Water soluble matter						- Neutral oils								pigments, and impurities.								- FFAs (45 - 75%)

												- FFAs (45 - 75%)																- Gums (4-6%)

												- Sterols, waxes, pigments, imp.																- Sterols, waxes, pigments, impurities

												(4 - 7 %)																(4 - 7%)





AV Comparisons

		AV BLEND COMPARISONS								AV BLEND COMPARISONS										AV BLEND COMPARISONS - March 2001

				NBP		Feed Energy														(Tag Guarantees)

		ITEM		HYKAL		AV Blend						AV Blend w/		AV Blend w/		AV Blend w/																Feed Energy														Feed Energy

		Moisture, %		0.46		2.46				Item		Soapstock		Restaurant Grease		RG & SS														Item		2/13/01		4/3/00		2/22/00		12/3/98		3/12/98		3/12/98		Average		Average Analysis (6)

		Impurities, %		1.72		2.51				Moisture, %		1.28		0.54		1.18						60:40  RG : Animal		60:40 SS : Animal		100%  Veg Soapstock				Moisture, %, max		2.66		1.71		2.46		1.8		1.67		1.12		1.90		1.90

		Unsaponifiables, %		1.04		1.66				Impurities, %		0.40		0.42		0.38				Item		(NBP A/V Blend)		(HyKal or Hyper-Cal 3800)		(All Veg 4000)				Impurities, %, max		4.27		0.49		2.51		0.15		0.16		1.34		1.49		1.49

		Total MIU, %		3.22		6.63				Unsaponifiables, %		1.91		0.61		1.52				Total MIU, %, max		2.00		6.00		7.00				Unsaponifiables, %, max		2.12		1.51		1.66		1.66		1.59		1.81		1.73		1.73

										Total MIU, %		3.59		1.57		3.08														Total MIU, %, max		9.05		3.71		6.63		3.61		3.42		4.27		5.12		5.12

		Free fatty acids, %		29.8		49.4														FFA, %, max		15.00		55.00		65.00

										Free fatty acids, %		32.8		11.5		24.6														Free fatty acids, %, max		48.3		45		49.4		49.7		41.2		50.3		47.32		47.30

		Linoleic acid, %		21.9		32.3														U:S ratio		2.05		2.65		4.00

		Unsaturate:Saturate		2.06		2.37				Linoleic acid, %		27.0		15.4		24.0																35.6		34		32.29		29.32		21.96		25.51		29.78		29.78

		Swine DE, kcal/lb		3616		3425				Unsaturate:Saturate		2.78		2.05		2.62

		Poultry ME, kcal/lb		3525		3338				Swine DE, kcal/lb		3645		3767		3694				AV BLEND COMPARISONS - March 2001										Unsaturate:Saturate		2.4		2.34		2.37		2.08		1.81		1.97		2.16		2.16

										Poultry ME, kcal/lb		3591		3701		3642

																						60:40 RG:Animal		60:40 SS:Animal		100%  Veg Soapstock

																				Item		(NBP A/V Blend)		(HyKal or Hyper-Cal 3800)		(All Veg 4000)

																				Swine DE		3733		3442		3406

																				Poultry ME		3663		3350		3377

																				1 1998 NRC Nutrient Requirements of Swine, Table 11-10.

																				2 Poultry Science, 1991, 70: 1527 - 1533
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Pie Charts

		Feed Energy

		All Veg 4000						Hyper-cal 3800				NBP AV Blend

				Percent

		MIU		7.0				MIU		6.0		MIU		2.0

		Free fatty acids		65.0				Free fatty acids		55.0		Free fatty acids		15.0

		Triglycerides		28.0				Triglycerides		39.0		Triglycerides		83.0
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Dr. Cuaron Formulations

		

																																																																																																																																						0		40/2.4		105/6.3

																																																																																																																																				Average Daily Gain		0.53		0.53		0.51

																																																																																																																																				Average Daily Feed Intake		0.75		0.74		0.69

				Days

				0		1		2		3		4		5		6		7		8		9		10		11		12		14		15		16		17		18		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54

		Peroxides		0		1.0		2		3		4		6		9		12		16		32		64		128		192		256		320		352		368		376		380		376		368		352		320		256		192		128		64		32		16		12		9		6		4		3		2		1		0

		Secondary Products																		0		1.0		2		3		4		6		9		12		16		32		64		128		192		256		320		352		368		376		380		376		368		352		320		256		192		128		64		32		16		12		9		6		4		3		2		1		0

		Tertiary Products																																		0		1.0		2		3		4		6		9		12		16		32		64		128		192		256		320		352		368		376		380		376		368		352		320		256		192		128		64		32		16		12		9		6		4		3		2		1		0

		Antioxidants		Hours

		No stabilizer		5

		BHA, 0.02%		18

		BHT, 0.02%		20

		Propyl Gallate, 0.02%		30

		Ethoxyquin, 0.10%		32

		TBHQ, 0.02%		57
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Bar Charts

		5		18		20		30		32		57



No stabilizer

BHA, 0.02%

BHT, 0.02%

Propyl Gallate, 0.02%

Ethoxyquin, 0.10%

TBHQ, 0.02%

ANTIOXIDANT SOURCES

AOM STABILITY (Hours to reach 20 meq/kg of peroxides)



Influence of analysis on energy

		0		0

		0		0

		0		0



Average Daily Gain

Average Daily Feed Intake

PEROXIDES (fat/feed), meq/kg

KILOGRAMS / DAY



		COMPARISON OF YELLOW GREASE AND SOYBEAN MEAL

		VERSUS

		EXTRUDED SOYBEANS

										Cost		Cost

								kg/tonne		$Mx/kg		$Mx/tonne		ME, kcal		Protein, kg		Lysine, kg

		Extruded Soybeans:						250		$   2.300		$   575.00		922,500		88.0		5.55

		------------------------Versus------------------------

										Cost		Cost

								kg/tonne		$Mx/kg		$Mx/tonne		ME, kcal		Protein, kg		Lysine, kg

		Soybean Meal 47.5%:						174.02		$   2.200		$   382.84		588,188		82.7		5.26

		Sorghum:						57.39		$   1.270		$   72.89		191,683		5.3		0.13

		Yellow Grease:						18.38		$   2.805		$   51.54		142,223

		Lysine HCl:						0.21		$   17.000		$   3.61		701		0.2		0.17

								250.00				$   510.88		922,794		88.1		5.55

								Savings ($MX/tonne):				$   64.12

		Yellow Grease breakeven value ($Mx/kg):										$   6.29

		Nutrient values for sorghum, soybean meal, and extruded soybeans from 1998 Nutrient Requirements of Swine.

		Yellow Grease ME value is average calculated from Wiseman's equations plus a MIU dilution.





								Acidulated																				swine grower diets

		Item		Yellow Grease		Soy Oil		Soapstock		Palm Oil				Swine Grower Diet Nutrient Specifications (25-50 kg)																Diet cost,		Cost Advantage,

		M.I.U, %		2.0		1.5		7.0		1.5																Fat Source		Inclusion rate, %		$Mx/tonne		$Mx/tonne

		Free fatty acids, %		15.0		5.0		65.0		5.0				ME, kcal/kg		3,270				Dig. Tryptophan, %		0.17

		Unsaturated:Saturated		1.6		5.6		4.1		0.9				Crude Protein, %		17.0				Dig. Methionine, %		0.26				Acidulated soapstock		4.6		1694.97		-

		Swine ME, kcal/kg		7,755		8,276		7,197		7,554				Dig. Lysine, %		0.85				Methionine + Cystine, %		0.59				Yellow grease		4.0		1712.17		17.20

		Price, $Mx/tonne		2,805		4,186		2,210		4,186				Dig. Threonine, %		0.57				Dig. Phosphorus, %		0.23				Soy oil		3.3		1753.12		58.15

		Pricing location		Midwest US		Midwest US		Midwest US		W Coast US				Phosphorus, %		0.55										Palm oil		?		?		?

		Pricing:  The week of August 6, 2001												Sorghum, 48% Soybean meal, and Canola meal based diet.												Dr. Jose Cuaron, INIFAP,  August 2001

														Dr. Jose Cuaron, INIFAP,  August 2001

																												sow lactation diets

														Sow Lactation Diet Nutrient Specifications																Diet cost,		Cost Advantage,

																										Fat Source		Inclusion rate, %		$Mx/tonne		$Mx/tonne

														ME, kcal/kg		3,300				Dig. Methionine, %		0.26

														Crude Protein, %		17.0				Methionine + Cystine, %		0.60				Acidulated soapstock		6.8		1666.50		-

														Dig. Lysine, %		0.85				Tryptophan, %		0.21				Yellow grease		6.0		1693.16		26.60

														Dig. Threonine, %		0.55				Phosphorus, %		0.70				Soy oil		4.3		1748.27		81.77

																										Palm oil		?		?		?

														Sorghum, 48% Soybean meal, and Canola meal based diet.

																										Dr. Jose Cuaron, INIFAP,  August 2001

														Dr. Jose Cuaron, INIFAP,  August 2001





		SOFTNESS OF FAT SOURCES

		(As fed basis)

																				Fat Sources

				Palm		Beef		Pork		Yellow		Poultry		Restaurant		Acidulated				Palm Oil		0.90

		Item		Oil		Tallow		Fat		Grease		Fat		Grease		Veg SoapStock				Beef Tallow		1.00

																				Pork Fat		1.45

		HARDER														SOFTER				Yellow Grease		1.60

																				Poultry Fat		2.10

		Unsaturate:Saturate		0.8-1.0		0.90-1.15		1.25-1.60		1.30-1.90		1.85-2.50		1.85-3.30		3.50-4.75				Restaurant Grease		3.10

																				Acidulated Soapstock		4.10

		FREE FATTY ACID CONTENT OF FAT SOURCES

		(As fed basis)

																						Fat Sources

				Palm		Beef		Pork		Poultry		Yellow		Restaurant		Acidulated				Palm Oil		4.0

		Item		Oil		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock				Beef Tallow		4.0

																				Pork Fat		4.0

		LESS FFAs														MORE FFAs				Poultry Fat		8.0

																				Restaurant Grease		10.0

		Free fatty acids, %		5.0		2.5-10.0		3.0-10.0		2.5-10.0		8.0-15.0		3.0-15.0		60.0-70.0				Yellow Grease		15.0

																				Acidulated Soapstock		65.0

		TYPICAL M.I.U. CONTENT OF FAT SOURCES

		(As fed basis)																				Fat Sources

																				Palm Oil		1.0

				Palm		Beef		Pork		Poultry		Yellow		Restaurant		Acidulated				Beef Tallow		1.5

		Item		Oil		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock				Pork Fat		1.5

		Total MIU, %		1.00		1.00-3.00		1.00-3.00		1.00-3.00		1.00-4.00		1.00-5.75		3.50-9.00				Poultry Fat		1.5

																				Restaurant Grease		2.0

																				Yellow Grease		2.0

																				Acidulated Soapstock		6.0

		FAT SOURCES RANKED ACCORDING TO ENERGY CONTENT

		(As fed basis)																		Swine ME

																				.		Fat Sources

				Acidulated		Palm		Beef		Pork		Yellow		Poultry		Restaurant				Acidulated Soapstock		7410

		Item		Veg SoapStock		Oil		Tallow		Fat		Grease		Fat		Grease				Palm Oil		7570

																				Beef Tallow		7585

		LESS ENERGY				DE VALUES										MORE ENERGY				Pork Fat		7740

				7720		7885		7900		8065		8065		8325		8230				Yellow Grease		7740

		Swine DE, kcal/lb		7430-8010		7755-8020		7700-8100		7900-8230		7790-8340		8130-8525		7845-8615				Restaurant Grease		7900

																				Poultry Fat		7990

		Poultry ME, kcal/lb		7400-8090		7327-7875		7535-7930		7720-8075		7590-8185		7975-8460		7680-8655

																				DE values converted to ME by 0.96

																				Poultry ME		Fat Sources

																				Palm Oil		7600

																				Beef Tallow		7735

																				Acidulated Soapstock		7745

																				Yellow Grease		7890

																				Pork Fat		7900

																				Restaurant Grease		8220

																				Poultry Fat		8220





		0		0		0		0		0		0		0		0



HARDER

SOFTER

Fat Sources

Palm Oil

Beef Tallow

Pork Fat

Yellow Grease

Poultry Fat

Restaurant Grease

Acidulated Soapstock

UNSATURATE:SATURATE



		0		0		0		0		0		0		0



Palm Oil

Beef Tallow

Pork Fat

Poultry Fat

Restaurant Grease

Yellow Grease

Acidulated Soapstock

FREE FATTY ACID %



		0		0		0		0		0		0		0



Palm Oil

Beef Tallow

Pork Fat

Poultry Fat

Restaurant Grease

Yellow Grease

Acidulated Soapstock

MOISTURE-IMPURITIES-UNSAPONIFIABLES (MIU) %



		0		0		0		0		0		0		0



Acidulated Soapstock

Palm Oil

Beef Tallow

Pork Fat

Yellow Grease

Restaurant Grease

Poultry Fat

SWINE METABOLIZABLE ENERGY, kcal/kg



		1		0		0		0		0		0		0		0



#REF!

Palm Oil

Beef Tallow

Acidulated Soapstock

Yellow Grease

Pork Fat

Restaurant Grease

Poultry Fat

POULTRY METABOLIZABLE ENERGY, kcal/kg



		TYPICAL ANALYSIS OF FAT SOURCES																SOFTNESS OF FAT SOURCES																FAT SOURCES RANKED ACCORDING TO ENERGY CONTENT

		(As fed basis)																(As fed basis)																(As fed basis)

				Beef		Hog		Yellow		Poultry		Restaurant		Acidulated						Beef		Pork		Yellow		Poultry		Restaurant		Acidulated						Acidulated		Beef		Pork		Yellow		Poultry		Restaurant

		Item		Tallow		Fat		Grease		Fat		Grease		Veg SoapStock				Item		Tallow		Fat		Grease		Fat		Grease		Veg SoapStock				Item		Veg SoapStock		Tallow		Fat		Grease		Fat		Grease

		HARDER												SOFTER				HARDER												SOFTER				LESS ENERGY												MORE ENERGY

		Linoleic acid, %		2.00-5.00		9.00-12.00		9.00-15.00		15.00-20.00		15.00-26.00		45.00-55.00				Unsaturate:Saturate		0.90-1.15		1.25-1.45		1.30-1.90		1.85-2.50		1.85-3.30		4.00-4.75				Swine DE, kcal/lb		3378-3641		3500-3680		3590-3740		3540-3790		3695-3875		3565-3915

		Unsaturate:Saturate		0.90-1.15		1.25-1.45		1.30-1.90		1.85-2.50		1.85-3.30		4.00-4.75

		Swine DE, kcal/lb		3500-3680		3590-3740		3540-3790		3695-3875		3565-3915		3378-3641																				Poultry ME, kcal/lb		3364-3677		3425-3605		3510-3670		3450-3720		3625-3845		3490-3935

		Poultry ME, kcal/lb		3425-3605		3510-3670		3450-3720		3625-3845		3490-3935		3364-3677

		TYPICAL ANALYSIS OF FAT SOURCES																FREE FATTY ACID CONTENT OF FAT SOURCES

		(As fed basis)																(As fed basis)

				Beef		Hog		Poultry		Yellow		Restaurant		Acidulated						Beef		Pork		Poultry		Yellow		Restaurant		Acidulated

		Item		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock				Item		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock

		LESS FREE FATTY ACIDS										MORE FREE FATTY ACIDS						LESS FFAs												MORE FFAs

		Free fatty acids, %		2.50-10.00		3.00-10.00		2.50-10.00		8.00-15.00		3.00-15.00		60.00-70.00				Free fatty acids, %		2.5-10.0		3.0-10.0		2.5-10.0		8.0-15.0		3.0-15.0		60.0-70.0

		Swine DE, kcal/lb		3500-3680		3590-3740		3695-3875		3540-3790		3565-3915		3378-3641

		Poultry ME, kcal/lb		3425-3605		3510-3670		3625-3845		3450-3720		3490-3935		3364-3677

		TYPICAL ANALYSIS OF FAT SOURCES																TYPICAL M.I.U. CONTENT OF FAT SOURCES

		(As fed basis)																(As fed basis)

				Beef		Hog		Poultry		Yellow		Restaurant		Acidulated						Beef		Pork		Poultry		Yellow		Restaurant		Acidulated

		Item		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock				Item		Tallow		Fat		Fat		Grease		Grease		Veg SoapStock

		LESS M.I.U.												MORE M.I.U.				LESS M.I.U.												MORE M.I.U.

		Moisture, %		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.00		0.35-3.50		1.40-3.50				Moisture, %		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.00		0.35-3.50		1.40-3.50

		Impurities, %		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.25		0.10-0.50				Impurities, %		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.00		0.25-1.25		0.10-0.50

		Unsaponifiables, %		0.50-1.50		0.50-1.50		0.50-1.50		0.50-2.00		0.35-1.00		2.00-5.00				Unsaponifiables, %		0.50-1.50		0.50-1.50		0.50-1.50		0.50-2.00		0.35-1.00		2.00-5.00

		Total MIU, %		1.00-3.00		1.00-3.00		1.00-3.00		1.00-4.00		1.00-5.75		3.50-9.00

																		Total MIU, %		1.00-3.00		1.00-3.00		1.00-3.00		1.00-4.00		1.00-5.75		3.50-9.00

		Swine DE, kcal/lb		3500-3680		3590-3740		3695-3875		3540-3790		3565-3915		3378-3641

		Poultry ME, kcal/lb		3425-3605		3510-3670		3625-3845		3450-3720		3490-3935		3364-3677
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