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Abstract 

A study was conducted to measure the effects of adding a dried food waste product (DFWP) to the 

diets of late finishing pigs.  The product was derived from bakery and vegetable food waste being 

aerobically digested (BioGreen 360) and heated to over 150 degrees Celsius during drying. Prior 

to mixing the diets, the DFWP used in the study was analyzed for nutrient content and found to 

have 84.0% DM, 10.95% CP, 15.42% EE, 0.42% Lys, 0.17% Ca, and 0.22% P. Nine finishing 

pigs (132 kg BW) were allotted randomly to one of three dietary treatments: 1) corn-SBM-based 

control diet; 2) control with 5% DFWP added; and 3) control with 10% DFWP added. All diets 

were balanced for lysine, Ca, and P (NRC, 2012). The study was conducted in three one-week 

periods, with each pig being fed a different diet each week with a 5-day adjustment period 

followed by a 2-day collection of feces. Pigs were weighed weekly and feed disappearance was 

measured daily. Fecal grab samples were dried and analyzed for DM, CP, EE, and ADF. Acid-

insoluble ash was used as an indigestible marker for digestibility calculations. During the 

experiment, average daily gain (ADG) increased linearly (P<0.05) with increasing DFWP addition 

to the diet. Average daily feed intake (ADFI) decreased numerically in pigs fed diets with 10% 

DFWP, as expected due to the high fat content of DFWP.  Digestibility estimates for DM, CP, fat, 

and ADF were not influenced by collection period and were pooled across period to estimate the 

effect of dietary DFWP addition. DM digestibility averaged 94.6% for all diets and was not 

influenced (P>0.10) by DFWP addition. CP digestibility was also not affected (P>0.10) by DFWP 

addition to the diet and were 81.1%, 81.2%, and 80.9% for Diets 1, 2, and 3, respectively. Fat 

digestibility (51.9%, 55.3%, and 62.8% for Diets 1, 2, and 3, respectively) increased linearly 



 

(P<0.01) with increasing DFWP addition to the diet and was higher (P<0.10) than the control diet 

when 5% or 10% DFWP was added. ADF digestibility was not affected (P>0.10) by DFWP 

addition to the diet. Based on this experiment, the DFWP produced by the Biogreen 360 food 

waste digester
 
is palatable for growing pigs, increases the fat digestibility of a corn-SBM based 

diet, and does not negatively influence protein or ADF digestibility when added up to 10% of the 

diet.  
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Introduction 

Approximately 40% of the food produced in the U.S. ends up rotting in landfills every 

year, contributing to harmful greenhouse emissions and unnecessary use of resources for food 

production and disposal (EPA, 2013; Gunders, 2012).   While some of this food can be used to 

feed livestock animals, few technologies have been developed and marketed to produce a palatable 

and digestible product from this food waste that can be used as an alternative ingredient for 

livestock feeds.  The BioGreen 360 food waste digester, developed by MPE Services, Inc., is 

capable of converting food waste into a dried product, which may have nutritional properties 

allowing it to be used in diets for animals. During the drying process, the product tested was 

heated to approximately 350 degrees Fahrenheit for at least 1-hour, which is beyond the required 

temperature and time to kill any potential pathogenic bacteria. This allows the product to meet 

feed regulatory standards in California and be fed legally to animals (U.S. Congress, 1980).  Pigs 

were chosen to consume the digested food waste because they have a robust, monogastric 

digestive system that can efficiently digest a wide span of ingredients. Pigs are one of the top 

commercial production animals in the United States, and their large numbers have warranted 

including them in research involving food waste (Price et al., 1985; Altizio et al., 1998; 

Westendorf, 2000).  



 

 No published data exists measuring the nutritional value of a dried product produced solely 

from the aerobic digestion of human food waste. Therefore, a pilot study was conducted with the 

following objectives: 

Objectives 

 To determine the nutrient content of the dried, digested food waste product 

produced by the BioGreen digester. 

 To determine the effects of adding the dried, digested food waste product to the 

diets of finishing pigs on their daily feed intake, daily growth performance, and 

nutrient digestibility. 

Nutritional Analysis of BioGreen 

Nutritional content of the dried product was conducted by the University of Missouri 

Analytical Laboratory, Columbia, MO. The nutrient content of the product is shown in Table 1 in 

comparison to a similar product commonly fed in the livestock animal industries (bakery waste). 

From this initial analysis of the product it is clear that BioGreen has the potential to be a 

good source of nutrition for growing animals – especially fat. This high fat content limits the total 

amount of the product which can be added to a complete diet for animals, yet can provide a dense 

source of calories, which is commonly an expensive component of animal diets. 

Methods and Materials of Digestibility Study 

This protocol was reviewed and approved by the Animal Care and Use Committee, 

California State Polytechnic University, Pomona. 

 Nine pigs (AVG body weight = 292 lb.) were randomly assigned to one of three dietary 

treatments – a corn-soybean meal-based diet with 0, 5%, or 10% dried, digested food waste 



 

product (BioGreen). Each pig was placed in their own individual 4 × 8 ft pen. Pigs were fed and 

watered on an ad libitum basis. Diets were mixed periodically by the research team onsite using a 

cement-type mixer. Samples of each diet mixed were taken and homogenized prior to analysis. 

Amounts of feed provided to each pig was weighed and recorded daily. At the end of each week, 

spilled and excess feed was weighed to determine the amount of feed consumed by the pig during 

the week. Pigs were allowed to leave their pen weekly to be taken to a scale and weighed to 

measure growth rate. Pigs were also allowed exercise to facilitate the collection of fecal grab 

samples on day 6 and 7 of each weekly collection period.  

Composition of the test diets is shown in Table 2. Each diet contained ingredients 

commonly fed in commercial swine production and balanced according to the NRC standards 

(NRC, 2012).  Sand was added as a source of acid-insoluble ash, which was used as an 

indigestible dietary marker for digestibility calculations. 

The study was conducted in three weeklong phases, such that each pig consumed one of 

the experimental diets for 7 days and then the diet was changed the following week. After the 

entire three-week study, each pig had consumed each of the three diets and fecal samples were 

collected each week. This technique allows for each pig to serve as its own control, thus reducing 

potential statistical variability and allowing for a stronger test of the effect of adding the product to 

the diet. Body weight was measured weekly and feed was weighed prior to being fed. On d6 and 

d7 of each week, fecal grab samples were collected from each pig to be used for determining 

apparent nutrient digestibility for dry matter, crude protein, fat, fiber (ADF), and energy. To 

calculate nutrient digestibility, the feed and feces was analyzed for acid-insoluble ash content. The 

calculation for digestibility was as follows: 

Digestibility, % = 100 – (100 × (%marker in feed/%marker in feces) × (%nutrient in feces/% 

nutrient in feed)) 



 

Results 

These results show that average daily feed intake was not significantly affected by 

BioGreen addition to the diet. Average daily gain (ADG) increased significantly as higher 

amounts of BioGreen were included in the diet. Therefore, the ratio of feed to gain (F:G) was 

lower in pigs fed the BioGreen product.  The variability (CV,%) between pigs was high for the 

growth performance data, as is common in digestibility studies, yet the growth effects of BioGreen 

seen in this study justify testing BioGreen addition to swine diets in larger-scale feeding studies. 

Digestibility estimates for dry matter, protein, fat, and fiber in diets containing increasing 

levels of BioGreen product are shown in Table 3. All nutrient digestibility estimates are similar to 

those commonly seen in corn-soybean meal based diets fed to swine. BioGreen addition to the diet 

had no significant impact on dry matter, protein or fiber digestibility. For fat digestibility, 

increasing the level of BioGreen product in the diet increased the proportion of fat that was 

digested by the pigs.  This indicates that the fat contained in the BioGreen product is easily 

digested by pigs and can provide a valuable source of calories to their diet. 

Conclusion 

 From the data collected in this pilot study, it appears that the dried product produced by the 

BioGreen digester is a valuable source of nutrients for growing pigs. The content of nutrients in 

the dried product would be expected to vary based on food waste changes entering the machine, 

yet the product tested was a good source of protein (amino acids), minerals, and fat for the pigs. 

Inclusion levels of up to 10% of the diet were not harmful and improved fat digestibility and 

growth performance of the pigs. Further research is warranted into the feasibility of using the 

product in large scale feeding scenarios, measuring the effects of the product on carcass 

composition, and use of the product in diets for animals other than swine. 



 

Tables and Figures 

 

 

 



 

Tables and Figures 

 

 

 

 



 

References Cited 

Altizio, B. A., M. L. Westendorf, and P. A. Schoknecht. 2000. Comparison of a corn/soybean diet versus a dried, 

recycled food waste product in swine. Prof. Anim. Sci. 16: 250-260. 

Barth, K. M., G. W. Vander Noot, W. S. MacGrath, and E. T. Kornegay. 1966. Nutritive value of garbage as a feed 

for swine. II. mineral content and supplementation. J. Anim. Sci. 25: 52-57. 

Behnke, K. 1996. Feed manufacturing technology: current issues and challenges. Anim. Feed Sci. Technol. 62: 49-57. 

BioGreen360. 2013. Commercial food waste disposer information. http://www.biogreen360.com/commercial-food-

waste-disposer-info Accessed 27 October 2013. 

EPA. 2013. Food Recovery Challenge. http://www.epa.gov/epawaste/conserve/smm/foodrecovery/index.htm 

Accessed 27 October 2013. 

Esteban, M. B., A. J. Garcia, P. Ramos, and M. C. Marquez. 2007. Evaluation of fruit-vegetable and fish wastes as 

alternative feedstuffs in pig diets. Waste Management 27: 193-200. 

Federal-Register. 2009. Swine Health Protection; Feeding of Processed Product to Swine. In: APHIS-USDA (ed.) 

Federal Register Doc No: E9-7507 No. 74: 63. p 15215-15218. 

Garcia, A. J., M. B. Esteban, M. C. Marquez, and P. Ramos. 2005. Biodegradable municipal solid waste: 

characterization and potential use as animal feedstuffs. Waste Management. 25: 780-787. 

Gunders, D. 2012. Wasted: how America is losing up to 40 percent of it's food from farm to fork to landfill. 

http://www.nrdc.org/food/files/wasted-food-ip.pdf Accessed 27 October 2013. 

Kornegay, E. T., G. W. Vander Noot, K. M. Barth, W. S. MacGrath, J. G. Welch, and E. D. Purkhiser. 1965. Nutritive 

value of garbage as a geed for swine. I. chemical composition, digestibility, and nitrogen utilization of 

various types of garbage. J. Anim. Sci. 24: 319-324. 

Myer, R. O., J. H. Brendemuhl, and D. D. Johnson. 1999. Evaluation of dehydrated restaurant food waste products as 

feedstuffs for finishing pigs. J. Anim. Sci. 77: 685-692. 

NRC. 2012. Nutrient Requirements of Swine. 11th rev. ed. Natl. Acad. Press, Washington, D.C. 

Pinacho, A., P. A. Garcia-Encina, P. Sancho, P. Ramos, and M. C. Marquez. 2006. Study of drying systems for the 

utilization of biodegrable municipal solid wastes as animal feed. Waste Management 26: 495-503. 

Price, A. T., D. A. Derr, J. L. Suhr, and A. J. Higgins. 1985. Food waste recylcling through swine. BioCycle. No. 26. 

p 34-37. 

U. S. Congress. 1980. Swine Health Protection Act. Public Law, 96-468. 

Westendorf, M. L. 2000. Food waste to animal feed. Iowa State University Press, Ames, Iowa. 

Westendorf, M. L., Z. C. Dong, and P. A. Schoknecht. 1998. Recycled cafeteria food waste as a feed for swine: 

nutrient content digestibility, growth, and meat quality. J. Anim. Sci. 76: 2976-2983.  


