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Introduction 
Dairy manure contains a large quantity of nutrients which could be 

considered a valuable feedstock for producing bio-energy and bio-

products. However, most of the nutrients and organic matter contained in 

dairy manure solids cannot be easily converted into valuable products 

without pretreatment. Therefore, to beneficially use dairy manure as a 

resource, it is imperative to examine and/or evaluate some common 

pretreatment methods in terms of their efficiency and effectiveness in 

releasing the nutrients from dairy manure. The common pretreatment 

methods include physical, chemical, enzymatic, and biological methods. 

Physical pretreatment includes solid/separation, particle size reduction, 

and pH and temperature adjustments, among which heat pretreatment is 

the most common method used in nutrient release. Therefore, the 

objectives of this research are to 1) statistically study the effects of 

particle size, pH, and temperature on nutrients release from dairy manure, 

2) determine the significant factor(s) and the optimum conditions for 

releasing nutrients. 

Experimental Design 
 

Manure source 

Fresh dairy manure was taken one-time from a dairy farm in the vicinity 

of the Southern Research and Outreach Center of University of Minnesota 

in Waseca, USA and stored for later use in a freezer to minimize 

experimental errors associated with potential variations in manure 

characteristics if collected at different times. The collected manure then 

underwent solid/liquid separation by centrifuging at 5000 rpm for 15 min 

and the supernatant was used to determine the manure characteristics. All 

values are the average of triplicates with standard deviations. 

 

Orthogonal experiment design 

An orthogonal experimental design was employed for studying the effects 

of particle size, pH, and temperature on the release of carbohydrate, 

protein and TP from dairy manure. The L9(3
4) orthogonal design with four 

factors at three levels were shown in Table 1, with a total of 9 groups of 

experiments conducted according to the design with each run in triplicate. 

Three temperatures were selected to cover reactions under room 

temperature and increased organic matter release rates under escalated 

temperatures. The pH values were chosen based on three ranges, i.e., 

acidic, neutral, and basic. The experiment was performed in 500 mL 

Erlenmeyer flasks containing 300 mL of distilled water and 10 g of dry 

manure in different particle sizes. 

Summary 
 

The optimum condition for releasing carbohydrate was particle size > 1.4mm, pH 

12, and reaction temperature 90oC, which could increase the release rate of 

carbohydrate by 363.5%. The optimum condition for releasing protein was 

particle size < 0.15 mm, pH 2, and reaction temperature 90oC, with which protein 

content could be increased by 233.4%. The optimum condition for releasing total 

phosphorous was particle size < 0.15 mm, pH 2, and reaction temperature 60oC, 

which could enhance the concentration of total phosphorous from 0.21 to 6.5 

mg/L. The optimum condition for the release of all three nutrients was particle 

size < 0.15 mm, pH 2, and reaction temperature 90oC. Temperature was the most 

significant factor for the release of protein and carbohydrate, while pH was the 

most significant factor for the release of total phosphorous. Particle size was not 

the significant factor for the release of any of the nutrients studied. 
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Optimal pretreatment condition for release of carbohydrates 

The changes in carbohydrates and protein versus reaction time is presented in figure 2. 

Figure 1. Distribution of particle size 

Figure 2. Releases of carbohydrates and proteins in all runs  

Figure 3. Release of total phosphorus for all runs during the experiment 

Levels 
Factors 

A/Size（mm） B/pH C/Temperature（℃） 

1 1.0-1.4 2.00 25.00 

2 0.15-0.25 7.00 60.00 

3 <0.15 13.00 90.00 

Table 1. Factors and levels in orthogonal experiment 

Results 
 

Distribution of particle size 

A total of 537.49 g dry manure was used for the measurement of particle 

size. And the size categories are shown in Figure 1. To cover three 

distinctive ranges, three particle size categories, i.e., 1.0-1.4 mm, 0.15-

0.25 mm, and <0.15 mm were used for further examinations.  

Optimal pretreatment condition for release of total phosphorus 

The changes in total phosphorus versus reaction time is presented in figure 3. 


