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As the demand for dog food production continues to rise, along with the number of dogs per household in the US, sustainable ingredients must be considered for the pet food industry. Consumers have a negative perspective when it comes to animal by-products in their pet’s food. However, animal by-products contribute a quality source of dietary protein, vitamins, and minerals which contribute to nutritionally complete pet foods. Along with being nutritionally complete, foods must also appeal to the dog while eating. The objective of this study was to produce formulas utilizing four different chicken protein sources, and to evaluate the effects of those protein sources on palatability in dogs. Five treatments were produced, through extrusion, using fresh mechanically deboned chicken at two different inclusion levels: (FMDC14 and FMDC25), dried chicken (DC), chicken meal (CM), and chicken by-product meal (CBPM). Four trained panels of twenty-five adult dogs, made up of majority Beagles, randomly divided by sex, were used for palatability testing using the two-bowl test. Based on the palatability results from this study, the CBPM treatment was preferred (p<0.05) over the FMDC14, FMDC25, and DC treatments. The CBPM treatment was at parity to the CM treatment (p>0.05). It can be concluded that the CBPM treatment was considered palatable to the dogs.
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Introduction

As the number of dogs per household continues to rise, so does the demand for more dog food. Sales are predicted to rise 5% from 2020 to 2021 and are expected to continue to increase for the next five years (APPA, 2021). The COVID-19 pandemic, along with humanization and premiumization trends, are driving this increase in sales (Sprinkle, 2021). Many pet owners consider their pets as members of the family, and consumer preference has shifted towards certain food ingredients to be more “human-grade” and less processed (Meineri et al., 2021). With the addition of more fresh chicken in pet food formulas, this puts a strain on the global demand for chicken protein sources and may begin to compete with the human food industry (Okin, 2017) (Nijdam et al., 2012). As the demand for dog food increases, animal-based protein supplies are increasing demand, and could have an ecological impact on current food systems.

As pet food production continues to rise, the utilization of more sustainable ingredients must be considered, especially in regard to protein sources. Sustainability, defined from a pet food industry standpoint, is described as the ability to produce enough food for the growing pet population, while providing sufficient nutrition, and leaving the smallest environmental footprint possible. To provide a sustainable future, the shift to more sustainable ingredients must be discussed. Chicken has the lowest environmental impact when compared to other animal protein sources, and chicken by-products can be used within the pet food industry (Knight, 2020). By utilizing by-products, the environmental effects of organic waste disposal are reduced (Gooding and Meeker, 2016). Unfortunately, the pet owners’ uncertainty regarding by-products tends to lead to a negative perception and are often labeled as poor-quality ingredients (Laflamme et al., 2014). Consumers often presume that these secondary products provide little benefit and often avoid purchasing products with these ingredients on the label. The definition of by-products is the “clean secondary products produced in addition to the principal product” therefore, chicken by-product meal will include “ground, rendered, clean parts of slaughtered poultry, such as heads, feet, undeveloped eggs and intestines, exclusive of feathers” (AAFCO, 2021). By-products, when rendered properly, provide quality protein and trace minerals to canine foods (Donadelli et al., 2019). Other chicken protein sources defined by AAFCO include chicken meat, or fresh mechanically deboned chicken: “the clean combination of flesh and skin without accompanying bone, derived from the parts or whole carcasses of poultry or a combination thereof, exclusive of feathers, heads, feet and entrails,” dried chicken: which includes everything prior but is dried, and chicken meal which includes everything prior, also dried, and can be accompanied with or without bone. All four are used as protein sources in the pet food industry and provide good nutrition (AAFCO, 2021). Protein quality is determined by measuring how well the amino acid profile and bioavailability of those amino acids match the requirements of the dog’s life stage (Donadelli et al., 2019). While previous studies have measured digestibility between fresh poultry and poultry by-products used in formulas, canine preference between the two ingredients, or other forms of chicken has not been measured (Murray et al., 1997).

Aside from the food product being nutritionally balanced, the product must also be palatable and accepted by the dog. Unlike humans, dogs consume their daily nutritional requirements from a single food. Therefore, it is imperative that the foods are palatable enough for a pet to consume an adequate volume to meet their nutritional requirements, and consumption is the primary indicator used in the pet food industry to evaluate the palatability of products (Aldrich and Koppel, 2015). A complete profile of finished food products, including texture, flavor, and aroma, are needed to help decipher canine preference (Koppel, 2014). Previous studies have measured canine food preference through odor, taste, and texture: (Houpt et al., 1978; Griffin, 2003; Walker et al., 2006; Neufield, 2012; Samant et al., 2021). Impact of ingredient inclusion on food preference of dogs has been previously researched including soybean inclusion (Félix et al., 2012), fiber inclusion (Koppel et al., 2015), vegetable ingredient-based formulas (Callon et al., 2017), and raw versus cooked meats (Tsai, 2019). Still, a limited number of studies can be found with a focus on food preference of dogs for ingredients themselves. A deeper understanding of the preference of protein sources by dogs may further support the use of by-products in pet foods, and further convince consumers of their benefits. Therefore, it was the objective of this study to produce formulas utilizing four different chicken protein sources, and to evaluate the effects of those protein sources on canine palatability.




Materials and methods




Formulation

Five experimental formulas were formulated using the computer software, Concept 5 (Creative Formulation Concepts, LLC Annapolis, MD, USA) with four different chicken protein sources; fresh mechanically deboned chicken (FMDC; BHJ USA Inc. Saint Joseph, MO, USA), dried chicken (DC; Protein Solutions, LLC. Joplin, MO, USA), chicken meal (CM; Tyson Foods. Clarksville, AR, USA), and chicken by-product meal (CBPM; Darling International Inc. Nishnabotna, MO, USA). The CM, DC, and CBPM formulas were formulated at an ingredient inclusion level of 14%. The fresh mechanically deboned chicken formulas were formulated at two separate inclusion rates: a 14% fresh mechanically deboned chicken (FMDC14) inclusion rate and a 25% fresh mechanically deboned chicken (FMDC25) inclusion rate. The FMDC14 formula was formulated to match the volume (14%) of the chicken ingredients in the CM, DC, and CBPM formulas, while the FMDC25 formula was formulated to have similar crude protein levels as the CM, DC, and CBPM formulas (25%). The fat content of each formula was standardized, using soybean oil. The remainder of each formula was comprised of brewer’s rice, rice protein concentrate, cellulose, beet pulp, vitamins, minerals, and an antioxidant blend (Table 1). Lactic acid was added to dry formulas to lower the food’s pH to maximize microbial stability (Hand et al., 2010; Montelongo et al., 2012). The five experimental formulas were formulated to meet AAFCO (2021) canine maintenance nutritional requirements.


Table 1 | Formula Composition: fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).







Formula production

Five experimental formulas were produced in the Hill’s Experimental Food Lab at the Hill’s Pet Nutrition Center (Topeka, KS, USA). All dry ingredients were weighed, and then mixed with a ribbon blender (Wenger Mfg., Sabetha, KS, USA). Ingredients were mixed for five minutes, and then transferred to the hammer mill (Jacobs Corporation, Harlan, IA, USA) to be ground to a consistent particle size (No. 16 mesh sieve). Once complete, the dry ingredients were added to the preconditioner (Wenger Mfg., Sabetha, KS, USA) at a feed rate of 14-14.5 lb./min. In the preconditioner, moisture, steam, lactic acid, and choline chloride were added to the dry ingredients and mixed with paddles at 235-240 rpm. Temperature of the mixture reached 185°F at the throat of the preconditioner before exiting to the extruder.

A single screw extruder (Model X-85; Wenger Mfg., Sabetha, KS, USA) with a common medium shear pet food screw profile was used. After extrusion, the product was conveyed to a dual pass dryer (AeroDry; Buhler Aeroglide, Cary, NC, USA) set at 150-155°F to obtain a final moisture of less than 10%. After drying, the product was collected and transferred to a ribbon mixer where soybean oil was added manually and mixed for three minutes to achieve equal distribution. Finally, the finished product was packaged in poly-lined plastic bags, (15-pounds per bag), passed through a metal detector, and stored in ambient conditions until used for scheduled testing.





Kibble analysis

All five experimental formulas were analyzed for moisture, protein, and fat utilizing near-infrared spectroscopy (NIR; Foss NIRS DS2500, Eden Prairie, MN, USA) in the Hill’s Experimental Food Lab for quality control purposes. NIR analysis was used to measure moisture, protein, and fat levels during production, therefore when production hit a steady state, the product could then be collected. Bulk density was analyzed at regular intervals during production until the density reached the target measurement of 23 lb./ft3. A final NIR analysis was conducted after the soybean oil was topically applied, to ensure the target application has been met. In the Hill’s Food Science Lab, twenty kibbles from each experimental formula were measured for diameter, cut length, weight, and analyzed for texture. Digital calipers (Mitutoyo ABSOLUTE A500-171, Aurora, IL, USA) were used to measure the diameter and cut length in millimeters while an analytical scale (Ohaus Explorer Scales, Pleasant Prairie, WI, USA) was used to measure the weight in grams. Quality tests were also performed on the formulas to determine water activity and pH levels. Water activity was measured using a water activity meter (Aqua Lab 4TEV, Pullman, WA, USA). To increase shelf life, dry dog foods tend to have a water activity below 0.60 (Samant et al., 2021). The pH was measured by mixing 10 g of ground kibbles with 90 mls of water. The mixture was stirred intermittently for 20 minutes, then allowed to settle for 5 minutes before measuring the pH with a probe (VWR Symphony SP70P, Radnor, PA, USA).

Texture analysis was performed to evaluate the kibbles for hardness using a TA.XT plus Texture Analyzer (Texture Technologies Corporation, Hamilton, MA, USA), equipped with 50-kg load cells. The procedure used was a modified version from the method used by Dogan and Kokini (2007) and has been used in other studies (Manbeck et al., 2017; Alvarenga et al., 2018; Smith, 2018). A 25 mm cylindrical probe was used for a compression test with a pre-test speed of 2 mm/s, a test speed of 1 mm/s, a post-test speed of 10 mm/s, and a strain level of 50%. A total of 20 kibbles, from each formula, were measured for hardness. The first peak fracture force (kg) was taken as a measure of hardness for each kibble analyzed.

A final composite sample of each formula was sent to a commercial laboratory, (Eurofins Scientific, Inc., Des Moines, IA, USA) for a full nutritional panel analysis. A combination of methods organized by the Association of Official Agricultural Chemists (AOAC) and Eurofins proprietary methods were used to perform nutritional analyses to Hill’s Standards.





Palatability testing procedure

This study used the same method as Hall et al. (2018) to measure palatability using the trained canine panel at the Hill’s Pet Nutrition Center (Topeka, KS, USA). All canine use was approved by the Institution Animal Care and Use Committee, Hill’s Pet Nutrition Center (Topeka, KS, USA) (Hill’s IACUC #CP26/permit number: 590). Four trained panels of 25 adult dogs, made up of majority Beagles (average age 10.8 +/- 2.9 years and average weight 8.1 +/- 2.8 kgs), randomly divided by sex, were used for palatability testing. Dogs were deemed to be in good health, trained for palatability testing, calibrated annually, and were able to discriminate between foods. Dogs were provided with access to water ad libitum. Test formulas were fed double blind using non descriptive labels, represented by internal lot codes, by trained animal care technicians who have no previous knowledge of the test formulas.

Palatability was measured for the five formulas (FMDC14, FMDC25, DC, CM, and CBPM) using the two-bowl test, fed one meal per day in the morning, over the duration of two days for a total of two meals. For each day of the palatability test, caloric intake was set to meet each dog’s daily needs based on their weight. The feeding time allotment was set for 30 minutes. Bowls were placed on the designated feeding scales, which are programed to allow each dog to only consume their daily caloric intake from either one bowl or a combination of some from each bowl. These bowls were then presented simultaneously to each dog. The test was considered complete once each dog consumed enough calories to maintain their body weight and/or after 30 minutes had expired. On the second day of testing, the bowls were switched to avoid side bias. Once feeding was complete, the final weight from each bowl was recorded. Intake ratio and first bite were recorded during the palatability test. The first bite was measured for each dog at the beginning of feeding. Load scales under each bowl helped determine which food had the first bite by measuring the change in weight. The change in weight of the bowls was monitored continuously to also assess the consumption rate. At the end of the test, the intake ratio (IR) was calculated using the following equation (Eq. 1) and the bowl with the most food consumed was considered the preferred food (Griffin, 2003):

 





Statistical analysis

The model statement for kibble measurements contained cut length, diameter, and weight as fixed variables. The model statement for the texture analysis contained hardness. All means were separated using Fisher’s Least Significant Difference (LSD) with a significance of (α = 0.05). LSDs are shown with superscript letters to determine (p<0.05) differences between samples.

For palatability equivalency testing, food consumption was measured using the IR. A Student’s t-test was conducted to classify the IR results of the overall panel. A p-value< 0.05 expresses that the IR of the test was greater than 0.50 (Vondran, 2013). The first bite data was analyzed using a Chi2 test.






Results and discussion




Formulation

Experimental formulas were formulated to ensure limited impacts of the other ingredients on palatability (Table 1). No palatants or animal fat were added to keep the base formulas as bland as possible so that the protein is not diluted or masked. To accommodate the differences in the nutritional matrix of the different chicken proteins, minor adjustments to brewer’s rice, rice protein concentrate, and soybean oil were made. The use of bland or flavor neutral ingredients, (brewer’s rice, rice protein concentrate, and soybean oil), in the formulas should not affect palatability with any minor changes to meet nutritional requirements. The other ingredients, cellulose, beet pulp, lactic acid, choline chloride, vitamins, minerals, and the antioxidant blend were held as constant as possible across all five experimental formulas.





Production

All five formulas were batched and produced on the same day to minimize variability by ensuring raw materials were from the same supplier lot codes. During extrusion, all processing parameters were held constant to limit physical differences to the finished food for palatability testing. All five formulas were successful runs, producing usable finished products for palatability, analytical, and other scheduled testing.

While all five formulas were successful and collected, the FMDC25 formula did not reach the target of 25% inclusion of fresh mechanically deboned chicken. This was most likely due to the increased moisture contribution. When sufficient steam was added to reach the target temperature, the mixture developed a doughy texture in the extruder that was not able to form an extruded kibble. The maximum level of fresh mechanically deboned chicken inclusion reached was 22%. Further changes in the processing parameters may have allowed the 25% level of inclusion but would have added additional variables to the study design.





Kibble analysis

Result of the NIR testing collected post-production for quality control purposes are reported in Table 2. The FMDC25 formula yielded the highest bulk density (23.44 kg/m3) and highest moisture (9.2%). This was most likely due to the elevated levels of water from the high rate of inclusion of fresh mechanically deboned chicken. However, the FMDC14 formula measured the lowest in moisture (6.4%), which was most likely a result of the drying step. Measured protein was lowest in the FMDC14 (21.62%) formula because of the lower protein contribution from the fresh mechanically deboned chicken ingredient (due to higher moisture dilution) while the CM formula had the highest protein (26.68%) because it had the highest concentration of protein as an ingredient. Fat % was lowest for the FMDC25 formula due to less soybean oil added compared to the FMDC14, DC, CM, and CBPM formulas. This may be an indirect result of the higher fat content in the fresh mechanically deboned chicken ingredient at that high level of inclusion.


Table 2 | Kibble NIR measurements (As Fed) and density post-production of canine formulas: fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).



Kibble diameter, cut length, mass, and hardness values are provided in Table 3. The cut length of the kibbles differed (p<0.05) between experimental formulas. The FMDC25 kibbles measured the largest at 5.44 mm while the DC kibbles measured the smallest at 4.76 mm. The kibble diameter between the CBPM, CM, DC, and FMDC14 kibbles were not different (p>0.05) from each other (ranging between 12.53-12.89mm) but did differ (p<0.05) from FMDC25, which measured the smallest at 12.06 mm. Kibble mass also differed (p<0.05) between formulas. Mass was similar between the CM, FMDC14, and FMDC25 kibbles (0.30 g) while the CBPM kibbles weighed a little more (0.32 g) and the DC kibbles weighed a little less (0.28 g).


Table 3 | Kibble measurements and texture analysis: fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).



Hardness in this study was defined as the peak force (kg) of each kibble compression. Hardness in pet food is measured as the amount of force that is needed to initially fracture a kibble which simulates a first bite for dogs. According to Dogan and Kokini (2007), the force needed to initially fracture a kibble is related to the internal structure which includes porosity, size of pores, and cell wall thickness. Texture can influence the final product’s palatability; therefore, it was important that each formula was similar in hardness (Koppel et al., 2015). Each formula was statistically different (p<0.05) however, with the largest difference seen between the DC (28.31 kg of force) kibbles and the CM (25.82 kg of force) kibbles. Dunsford et al. (2002) concluded that smaller kibble cell walls reinforce each other, thus requiring more force to break the kibble. This may be the case for the DC formula in this study since it measured the smallest for cut length. Processing variables have also been shown to influence hardness and texture of formulas (Alvarenga et al., 2018).

Quality check results for all five canine formulas have been provided in Table 4. Water activity (aw) results for the kibbles ranged from 0.37 to 0.58, with the FMDC25 formula measured the highest at 0.58 aw whereas the FMDC14 formula measured the lowest at 0.37 aw. The CM, CBPM, and DC formulas measured around 0.50 aw. The pH for the FMDC14 formula measured the lowest at 4.78 while the FMDC25, DC, CM, and CBPM formulas measured around a pH of 5.


Table 4 | Kibble quality analysis: fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).



Nutrient analysis results of the five canine formulas have been provided in Table 5. This analysis provides insight on how the formulas are nutritionally comparable to one another. To ensure all products were similar nutritionally, each formula’s predicted (As Fed) nutritional requirements were compared before production. Analytical results conclude that nutrients analyzed above the AAFCO minimum requirements for adult dogs at maintenance.


Table 5 | Nutrient composition analysis (DMB): fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).



By design, all the formulas were very similar with the primary difference being the different chicken sources. Processing parameters were kept as close as possible to maintain focus on the impact of protein sources on palatability. The impact of changing processing parameters could be a topic for future research.





Palatability results

For each palatability test, the CBPM formula was considered the test food (food A) and the DC, CM, FMDC14, and FMDC25 formulas were considered the control foods (food B). The palatability and first consumption results are concluded in Table 6. The CBPM formula was preferred (p<0.05) over the FMDC14 formula, FMDC25 formula, and the DC formula. The CBPM formula was a parity (p = 0.1427) with the CM formula. When evaluating which first bite of food was taken by each dog, there was a difference (p<0.05) between each palatability test: the CBPM versus the CM formula (32 vs. 18), the CBPM vs the DC formula (33 vs. 17), the CBPM vs the FMDC14 formula (41 vs. 9), and the CBPM vs the FMDC25 formula (39 vs. 11) over the two-day trial. The majority of the first bites from the dog panels were statistically significant in the CBPM formula (Table 6). It is uncertain if these results are related to aroma preference for the CBPM formula as it has been discussed that first consumption/approach responses are very subjective and are not the best indicators of palatability. In addition, these methods data can often be difficult to measure, and the repeatability of these measures is questionable (Griffin, 2003).


Table 6 | The effect of experimental formulas on canine palatability: fresh mechanically deboned chicken 14% (FMDC14), fresh mechanically deboned chicken 25% (FMDC25), dried chicken (DC), chicken meal (CM), chicken by-product meal (CBPM).



Some of these palatability results were unexpected when compared to previous studies. According to (Li et al., 2017) dogs have a higher taste preference for fat, however in this study DC (12.86%) and FMDC14 (12.8%) had the highest fat levels but were less preferred compared to CBPM (11.23%). We also know that too much fat can lead to faster oxidation, giving a rancid smell that is unappealing to dogs (Hand et al., 2010). Since the products were produced on the same day, and stored in identical conditions, we believe oxidation is not at play, and that with the similar levels of fat, we are seeing the impact of the different protein sources.

According to Hand et al. (2010), dogs prefer consistent, larger kibbles. All formulas were similar in diameter size, apart from the FMDC25 formula that measured different (p<0.05). The smallest cut length kibble, the DC formula, may have influenced texture, as it measured the hardest (28.31 kg). The FMDC25 formula was the next hardest (27.49 kg) in texture, however this may be correlated to having a more “spongey” texture, as seen in Alvarenga et al. (2018), because it measured the highest in moisture (9.2%) and bulk density (23.44kg/m3). The FMDC25 formula also had the lowest starch content which may have led to these results. Results of this study may further indicate that minor differences in the kibble analysis may not have an impact on canine palatability. Previous research suggests that odors might be the primary drivers in a dogs’ food choice (Houpt et al., 1978; Houpt and Smith, 1981; Hall et al., 2017; Horowitz, 2017; Basque et al., 2019). A dog’s food selection is highly driven by smell based on the physiology of their highly developed nasal cavities. Houpt et al. (1978) found that when dogs were presented with a bland diet supplemented with a meat odor, they preferred it over a controlled diet with no odor. Manabe et al. (2010) determined that oils and short chain fatty acids are recognized in a special section of the olfactory bulb, and that this strong odor may be a driving factor behind a dog’s liking. Determining the sensory characteristics and the aromatic compounds within the five formulas may help better understand the preference from the palatability tests.






Conclusion

Testing of the four different chicken proteins presented challenges in keeping processing constant between formulas. Using a high amount of fresh mechanically deboned chicken proved to be difficult in forming a finished product at the target moisture and density while maintaining similar extrusion processing. Based on the palatability results from this study, the CBPM formula was preferred over the FMDC14, FMDC25, and DC formulas and was a palatability parity to the CM formula. The CM was most likely a parity to that of CBPM because the composition of the two raw materials are very similar. The definitive palatability results indicate that the minor differences in the kibble analysis may not have had an impact on canine palatability, and that the aroma from the different chicken protein sources did. It can be concluded that the CBPM formula in this study is highly palatable and in addition to being nutritionally beneficial, may provide increased food enjoyment by pets. Future studies should continue to analyze animal by-products as the need for more sustainable protein sources for the pet food industry are necessary.
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OEBPS/Images/table6.jpg
Diet Comparison (A vs B) IR of Food A® First Bite of

Food A, n?
CBPM vs CM 0.527 0.1427 32/50 (64%) 0.005
CBPM vs DC 0.579 0.0001 33/50 (66%) 0.001
CBPM vs FMDC14 0735 0.0001 41/50 (82%) <0.0001

CBPM vs FMDC25 0.673 0.0015 39/50 (78%) <0.0001

'IR of Food A = intake (g) of Food A/Total (g) of Food A + Food B.
2First Bite: number of first bites to bowl A (50 observations).
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OEBPS/Images/table2.jpg
Item DC CcM CBPM
Moisture, % ‘ 640 920 830 7.50 820
Fat, % ‘ 12.80 11.04 12.86 1144 11.23
Protein, % ‘ 21.62 23.99 23.86 26.68 2481
Density, kg/m3 ‘ 22,90 2344 2240 2250 2240





OEBPS/Images/table4.jpg
Iltem

pH

FMDC14

FMDC25





OEBPS/Images/table3.jpg
CcM CBPM p-value

Item

Cut Length, mm 5.15° 5.44° 476% 5.8 542 <0.0001
Diameter, mm 12,69 12.06" 12,58 1253 12,89 0.0005
Mass, g/kibble 0.30° 0.31° 0.28° 0.31° 0.32° <0.0001
Hardness, kg 2698 27.49% 2831° 25.82° 25.84" 0.013

“indicates that within a row, unlike letters differ (p<0.05).
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OEBPS/Images/table1.jpg
Ingredients, FMDC25 CM CBPM
Fresh Mechanically Deboned Chicken 14.00 25.00 = = -
Dried Chicken - - 14.00 - -
Chicken Meal - - - 14.00 -
Chicken By-Product Meal - - - - 14.00
Brewers Rice 50.00 44.19 53.00 53.00 53.00
Rice Protein Concentrate 16.07 16.00 12,93 14.25 12.90
Soybean Oil 8.00 4.52 8.00 8.00 8.00
Cellulose 3.00 3.00 3.00 3.00 3.00
Beet Pulp 250 2.50 250 2.50 2.50
Dicalcium phosphate 233 0.87 1.93 1.01 1.95
Calcium carbonate 1.00 1.00 1.60 1.20 1.60
Lactic acid 1.20 1.20 1.20 1.20 1.20
Potassium chloride 0.91 0.73 0.86 0.86 0.86
Sodium chloride 0.50 0.50 0.50 0.50 0.50
Choline chloride 025 0.25 025 0.25 0.25
Vitamin Premix 0.15 0.15 0.15 0.15 0.15
Mineral premix 0.05 0.05 0.05 0.05 0.05
Antioxidant blend 0.04 0.04 0.04 0.04 0.04

Vitamin Premix: Beta Carotene, Biotin, Folic Acid, Niacin, Pantothenic Acid, Vitamin A, Vitamin BI, Vitamin B12, Vitamin B2, Vitamin C, Vitamin D3, Vitamin E, Vitamin K3, Vitamin B6.
Mineral Premix: calcium, copper, iodine, iron, iron sulfate, manganese, manganese oxide, phosphorus, potassium, selenium, sodium, zinc, zinc oxide.
Antioxidant Blend: natural mixed tocopherols, rosemary extract, green tea extract, spearmint extract.
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Nutrient FMDC14 FMDC25

Calculated 23.36 26.75 27.13 27.81 26.74

Analyzed 26.50 27.58 26.56 2833 27.05

Calculated 14.25 13.00 12.71 1246 12.87

Analyzed 13.26 11.46 13.26 13.13 13.19

Calculated 344 3.80 3.06 3.09 3.13

Analyzed 228 3.53 228 271 2.82

Calculated 671 6.03 7.17 7.11 7.35

Analyzed 621 5.21 621 6.64 6.82

Calculated 129 L18 154 1.58 1.54

Analyzed 142 1.08 142 1.50 149

Calculated 0.80 0.60 0.80 0.80 0.80

Analyzed 0.78 0.61 078 081 0.82

Calculated 0.70 0.65 0.70 0.70 0.70

Analyzed 0.69 0.66 0.69 0.70 0.70

Calculated 0.29 032 032 0.32 032

Analyzed 0.30 032 0.30 0.31 032

Calculated 0.99 0.96 091 0.91 0.94

Analyzed 0.90 0.99 0.90 1.03 0.94

Calculated 0.06 0.06 0.07 0.07 0.07

Analyzed 0.08 0.07 0.08 0.08 0.08

Calculated 39.93 36.47 36.42 34.05 3921

Analyzed 27.11 28.68 27.11 26.02 30.37

Calculated 231.66 247.04 200.00 210.43 216.10

Analyzed 185.41 216.22 18541 190.83 194.12

Calculated 1.81 205 205 2.10 1.99

Analyzed 0.96 098 0.96 1.02 097

Calculated 0.55 0.63 0.68 0.64 059

Analyzed 0.32 031 032 0.33 03

Calculated 0.92 1.06 112 1.07 1.06

Calculated 1.81 207 2.10 2.06 203

Analyzed 1.08 1.05 1.08 1.08 1.04

Calculated 0.98 119 1.50 137 130

Analyzed 0.72 0.56 072 0.71 0.65

Calculated 0.55 0.63 0.66 0.64 059

Analyzed 0.35 033 035 0.34 031

Calculated 0.94 1.06 1.06 1.03 1.00

Analyzed 0.55 0.56 055 0.54 052

Calculated 117 132 1.28 127 1.26

Analyzed 0.65 0.67 0.65 0.67 0.64

Calculated 221 248 2.37 2.36 232

Analyzed 1.07 113 1.07 L1l 1.09

Calculated 0.83 097 1.04 1.00 1.02

Analyzed 0.53 047 0.53 05 0.49

Calculated 0.29 032 0.32 0.32 031

Analyzed 0.34 0.34 0.34 0.35 033

Calculated 1.30 147 1.46 1.44 145

Analyzed 0.73 079 0.73 0.80 078

Calculated 5.98 453 5.38 5.33 543

Analyzed 4.76 3.19 4.76 4.52 4.61

Calculated 23,541 25,832 21,278 21,087 21,768

Analyzed 12,035 13,237 12,035 11,818 12,797

Calculated 1,397 1,541 1,247 1,243 1,241

Analyzed 1,139 1,478 1,139 1225 1,334

Calculated 165.30 173.56 153.95 149.58 150.45

Analyzed 227.69 163.27 227.69 147.46 151.83

Calculated 56.64 61.61 51.48 51.24 51.14

Analyzed 58.03 63.81 58.03 5251 54.86

Calculated 13.06 14.41 12.50 12,53 13.80

Analyzed 11.71 12.14 1171 10.71 12.26

Calculated 213 236 218 210 209

Analyzed 222 254 222 202 218

Calculated 12.13 13.39 11.54 11.37 11.08

Analyzed 11.93 1247 11.93 9.90 10.61

Calculated 23.55 2643 23.56 2224 2179

Analyzed 22.55 24.38 22,55 18.97 20.61

Calculated 3.42 373 3.15 3.18 372

Calculated 0.13 0.15 0.13 0.13 0.18

Analyzed 0.07 0.08 0.07 0.06 0.07

Calculated 0.30 034 0.34 0.34 048

Analyzed 0.36 031 0.36 0.27 041

Calculated 2,280 2,544 2,240 2,107 2,247

Analyzed 2,667 2,427 2,667 2,721 2,592






