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Abstract

Organic nitrogen in the form of protein and degraded protein fragments is one of the most
important components of dairy manure. Conventionally, protein concentration in dairy manure
was estimated by crude protein but it is often overestimated because crude protein contains non-
protein nitrogen (NPN). The Bradford assay is predominantly used in measuring clinic samples.
In this paper, dairy manure protein assays including the Bradford assay, total Kjeldahl nitrogen
method and amino acid analysis were compared using various types of manure samples with a
wide range of solids contents at different on-farm treatment steps. The manure protein
concentration assay by UV-vis using Bradford method was validated to be compatible to
measure the protein concentration in manure samples. Relationships for estimating manure total
protein concentration from soluble protein based on the solids contents have been determined.
The method described in this study could be used as a supplement method for traditional protein

assay, especially when the solids content in manure samples is low. In addition, this method can
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be easily adapted at a farm level to monitor manure soluble protein and estimate crude protein
concentration in order to evaluate the effects of diet change and to manage manure field

application amount as fertilizer.

Introduction

In the United States, approximately 350 billion pounds of dry manure are produced annually'
most of which is used as field fertilizer. Long-term manure application may result in high risks
of runoff and leaching of manure-derived components such as nitrogen and phosphorus from the
agricultural fields®. Developing not only new ways to process dairy manure, as most current
research is focused on, but also new methods to evaluate its composition may be beneficial to

[ . . 3.4
further research and management of manure utilization and disposal™".

Organic nitrogen in the form of protein and degraded protein fragments is one of the most
important components of dairy manure. In this paper, manure protein including degraded protein
fragments is subsequently referred to as “protein”. Crude protein content in dairy manure is
about 15-20% (dry basis) estimated by the total nitrogen’. The manure protein consists primarily
of peptide chains of the degraded proteins from the digested forages, though they may also
contain whole proteins from undigested feed or those secreted by microbes. Besides the major
application as fertilizer, manure protein could be potentially used for many other purposes such
as animal feed, amino acid production, adhesive, plastic and biofuels® 7. Manure proteins are
usually low in molecular weight, which made them more biologically accessible nitrogen sources
than large molecular weight proteins such as intact proteins in plant tissue. Therefore, manure
proteins are potentially excellent nutrient sources for microbial growth, because nitrogen is a key

nutrient in microbial growth media®. Previous research results also have suggested that dairy
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manure can be a great source of protein-rich material for many other purposes including culture
. 9 . . . .
medium supplements’. However, there is no specific research developing manure protein assay

as the currently applied manure protein analysis were adapted from clinic sample or plant/food
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sample analysis methods. The major advantages and disadvantages of these protein assays were

13 compared in table 1.

Table 1: Comparison of protein assays that may be applied for manure protein quantitation

18 Assays Advantages Disadvantages

21 Crude Protein e Low cost (about $8/sample) e May overestimate because

22 Analysis ) of NPN
23 (Kjeldahl method) e Standard lab test for soil &

24 manure samples e Slow (3-+hours)

27 Bradford Method e Low cost (about $3/sample) e Low extraction efficiency

. f 1
¢ Easy and fast to conduct (15min) OF matite sampres

31 e Standard lab test of clinic e Sensitive to contaminants
samples

35 Amino Acid e More accurate e High cost (about

Analysi
37 Hatysis ¢ Provides amino acids profile $65/sample)

39 e Specialized lab test

e Slow (3+hours)

47 Approximate protein content in soil, plant tissue, food, and animal feed is typically determined
49 on the basis of total nitrogen content using the total Kjeldahl nitrogen (TKN) method'’. Crude
protein (CP) content is usually calculated as 6.25 times the TKN value''. However, this
54 calculation is not accurate in many cases, especially when determining the protein content in

56 dairy manure'?, because a substantial amount of the nitrogen in dairy manure comes from other
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sources. These compounds, such as nucleotides, urea, and ammonia, which are known as non-

protein nitrogen (NPN) contribute to TKN and thus to an overestimated CP value'’,

Amino acid analysis (AAA) is a more accurate way to quantify proteins since it is based on
amino acid data, although it is more expensive and labor intensive than other methods'®. The
food industry uses this method to determine the peptide and amino acid content in food'”. The
AAA is essential to quantify proteins with higher accuracy levels, as it determines absolute
protein quantities in solution. However, the accuracy of amino acid analysis suffers due to
multiple purification and post-translational modification steps involved'®. Therefore, a simple,
quick, accurate, and inexpensive method to quantify proteins in manure samples needs to be

developed.

The Bradford assay is a protein quantification method that involves binding of Coomassie
Brilliant Blue G-250 dye to proteins”. This method is commonly used for protein quantification
of clinical samples'®. However, validity of the Bradford assay is unclear because it may also
release polymer excipients such as polyethylene glycol'. These polymer excipients may bind
with Coomassie Brilliant Blue G-250 dye and cause false-positive results. In addition,
environmental samples such as dairy manure are more complicatedzo. Dairy manure components
are primarily water, proteins, NPN minerals and fibers (cellulose, hemicellulose and lignin)*'.
The Bradford method has not been investigated and evaluated for its suitability to quantify
protein content in dairy manure despite its establishment for clinic samples. The Bradford assay
has its own disadvantage such as relatively poor linearity, considerable protein-to-protein

variability which is often systematic error and moderate sensitivity to interfering substances®.
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In this study, we present a simple and inexpensive method based on the Bradford assay to
quantify protein content in dairy manure using UV-vis spectroscopy. The goal was to validate
the compatibility of using Bradford assay to determine manure protein concentration and also to
compare results between the three commonly used methods for protein quantification in order to
obtain more accurate results and understand the best method for different types of manure
samples. The soluble protein extraction efficiency using Bradford method of different manure

samples throughout large dairy farm operation was also tested, analyzed and compared.

Materials

The manure samples were collected from Maple Leaf Dairy, Cleveland, WI at various points in
the manure processing system. The samples were collected fresh, immediately cooled and stored
at 4°C until analyzed. Three samples including raw manure (RM), dissolved air flotation (DAF)
effluent (AD) and DAF sludge (DS) samples were collected in 4-liter bottles and analyzed within
4 weeks after sampling. These three samples selected for manure protein assay validation
because they were from the most important farm treatment procedures and represent a large

range of manure solids content.

Five batches of manure samples from different treatment processes at Maple Leaf Dairy were

collected within 5 consecutive weeks. These samples are summarized in table 2.

Table 2. Batch manure samples from Maple Leaf Dairy at each treatment sampling point

Sampling Points Average Solid Contents (%) Standard Deviation

Reception tank liquid 4.59 0.54
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Pre clarifier liquid
Post trident solid
Clarifier effluent & water
Clarifier effluent
Mixing tank

Clarifier sludge
Digestate

Digestate before press
Digestate after press
Digestate & PAM
DAF sludge

DAF effluent

Lagoon solids dry

Lagoon solids wet

Analytical Methods

4.01
8.38
3.35
0.47
6.92
3.78
4.48
5.92
2.93
2.75
5.80
1.48
17.59
0.82

0.68
0.62
0.63
0.27
0.76
0.50
0.27
1.80
0.15
0.10
0.65
0.06
3.51
0.24

Manure samples were collected fresh, cooled on ice, transported in coolers, and stored at 4°C.
Soluble protein concentration using the modified Bradford assay developed in this study, solids

content and TKN were measured of each sample. Protein analysis was done within one week to

insure the samples did not undergo transient changes.

Methods

Validation of the Bradford Method for Manure Protein Analysis

The Quick Start™ Bradford Protein Assay protocol by Bio-Rad (Hercules, CA) was employed in

this study”’. Two standard calibrations using bovine serum albumin (BSA) as standard protein
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were constructed. A calibration was prepared using a series of concentrations of BSA in
Millipore water and another calibration was prepared using BSA in 50 mM Tris buffer with
Pierce™ Proteinase Inhibitor (Thermo Fisher Scientific, Rockford, IL). These two calibrations
were compared to determine if the extraction buffer had any significant interference on the UV-
vis absorbance readings. A UV mini-1240 from Shimadzu Corp (Columbia, MD) UV-vis

spectrophotometer was used with disposable plastic cuvettes from Fisherbrand® (Houston, TX).

Raw manure (RM), dissolved air flotation (DAF) effluent (AD) and DAF sludge (DS) samples
were spiked with Quick Start™ BSA in the range of 0.00-0.25 mg/mL. The calibrations
generated by plotting spike concentration versus UV-vis absorbance were evaluated to determine
whether the Bradford method is compatible with manure protein analysis and also to determine
the accuracy of the Bradford method for manure protein analysis. To validate the compatibility
of the Bradford method with chemicals which are commonly present in manure sample but have
not been confirmed by Bio-Rad, sodium nitrate (NaNO3) with concentrations from 0.00-1.25 M
were spiked into manure samples and the UV-vis absorbance was measured. 20 uL of each
sample was added to 1 mL Quick Start™ ready-to-use dye reagent in a cuvette, mixed briefly by
inverting and then incubated at room temperature for approximately 5 min before UV-vis

absorbance reading.
Solids Analysis

RM, AD, and DS samples were mixed thoroughly upon arriving to the lab. About 150 g from
each well-mixed manure sample was poured into crucibles and dried in an oven at 105°C
overnight. Triplicates of each fresh manure sample were made. The samples were weighed after

dried to determine the solid content of each fresh sample.
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Amino Acid Analysis

The dry samples prepared during the solid analysis were analyzed by the Experiment Station
Chemical Laboratories at the University of Missouri-Columbia for amino acid profile with
content in details using a Beckman 6300 AA analyzer following the AOAC 2006 procedure®.

Triplicates of each fresh manure samples were sent for analysis.
Protein Extraction Buffers comparison for Bradford method

Two different extraction buffers were tested to determine their effectiveness for soluble protein
extraction. A 50 mM Tris buffer with Pierce™ Proteinase Inhibitor and a 50 mM Tris/0.02% wt.
sodium dodecyl sulfate (SDS)/2.5 mM dithiothreitol (DTT) buffer with Pierce™ Proteinase
Inhibitor were prepared, referred as simplified buffer and complete buffer respectively.
Approximately 3 g of well mixed manure samples (RM, AD, and DS) were added into each
buffer for UV-vis absorbance measurement. Triplicates of each sample in both buffers were
prepared. To each sample, 15 mL of each protein extraction buffer was mixed thoroughly with
the manure sample using a vortex for 15 sec. Samples were then centrifuged at 10,000 rpm for 5
min at 4 °C in 50 mL high speed Corning™ CentriStar™ Centrifuge Tubes (Tewksbury MA) in
an Allegra™ 25R Centrifuge from Beckman Coulter Inc (Indianapolis, IN). The supernatant
from each tube was measured for UV-vis absorbance to determine the soluble protein

concentration in manure samples.

Different extraction buffer volumes and soluble protein extraction times for Bradford analysis
were also compared. Around 3 g of each mixed manure sample was measured in a 50 mL
centrifuge tube for each test which is consistent with previous experiments. Triplicates of each

sample were prepared. 45 mL of simplified buffer was added and mixed using a vortex for 15 sec
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or shaken at 125 rpm overnight at 25 °C to compare the effects of extraction time and mixing
intensity. Another set of samples were added in 15 mL simplified buffer and mixed using a
vortex for 15 sec or shaken at 125 rpm overnight at 25 °C to compare the effects of extraction
buffer volume. After vortex mixing or overnight shaking incubation, these tubes were
centrifuged at 10,000 rpm for 5 min at 4 °C. The absorbance of the supernatant from these

samples was measured by UV-vis for protein concentration determination.
Crude Protein analysis -- Total Kjeldahl Nitrogen (TKN)

Approximately 3 g of RM, AD and DS samples were aliquoted in triplicates, diluted into 20 mL
of Millipore water and tested for TKN using a SEAL AQ2 Discrete Analyzer (Mequon, WI).
Additionally, to wash out the NPN, 3 g of each manure sample was aliquoted in triplicates and
suspended in 3 mL 30% trichloroacetic acid (TCA) solution in a 50 mL centrifuge tube, mixed
using a vortex for 15 sec and let stand for 1 h. These samples were then centrifuged at 10,000
rpm for 15 min. The supernatant of each sample was discarded and the pellet formed was re-
suspended into 20 mL of Millipore water. TKN was then determined by digesting the samples on
a SEAL Analytical BD50 Block digester with sulfuric acid and metal catalyst according to
USEPA 351.2° and then analyzing in the SEAL AQ2 based on EPA 136-A Rev.4’. Subsamples
were filtered with Whatman 0.45 pm filters (Vernon hills, IL), acidified with 0.01 N sulfuric acid
and then analyzed for ammonia and ammonium (NH3;+NH4-N) using the SEAL AQ?2 according
to EPA-129-A Rev. 5°. To investigate the content of ammonia nitrogen in the TKN analysis,
triplicate samples of RM, AD and DS and their TCA precipitated pellets were oven-dried at

105°C overnight and then tested for TKN and ammonia again using AQ?2.
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Batch Samples -- Protein Assay Comparison between Bradford Method and Crude Protein

Method

Five batches of manure samples from different treatment processes at Maple Leaf Dairy were
divided into two portions: one was tested for soluble protein concentrations using the Bradford
method as described previously (15mL of simplified buffer, vortex briefly) and the other was
frozen and sent to the Marshfield Ag Research Station at University of Wisconsin-Madison for
total Kjeldahl nitrogen, ammonium-nitrogen, moisture content, total solids content (dry matter)
and volatile solids content (percentage in the dry matter) analysis followed the standard

protocols’.
Statistical analysis

The statistical analysis in this study was conducted using R program version 0.98.1091 (Rstudio,
Boston, MA). Comparison among different protein extraction methods was done using the t-test

for independent samples.

Results and Discussion
Solids Analysis

The solids content of RM, AD and DS manure samples were 4.87%, 2.79% and 5.61%
respectively. These manure samples were selected to represent the important samples from

different steps of manure treatment process and large range of solids content.
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Standard Calibration Curve and Spikes in Fresh Manure Samples

According to the standard calibration curves present in Figure 1, 50 mM Tris buffer with

©CoO~NOUTA,WNPE

Pierce™ Proteinase Inhibitor does not have notable effects on the absorbance when compared to
12 BSA in Millipore water. These results confirmed the findings from previous studies that a low

14 concentration of the extraction buffer would not affect the absorbance?’.
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Figure 2: Fresh manure samples (RM, AD and DS) spiked in with a range of 0.00-0.25 mg/mL of

51 BSA concentration.
50 (RM: y=1.0719x + 0.2294, R>= 0.999; AD: y=1.0757x + 0.2168, R*= 0.999; DS: y=1.0381x + 0.2431, R’= 0.999)
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Three different types of each fresh manure sample including RM, AD and DS were spiked with
BSA concentrations ranging of 0.00-0.25 mg/mL. The UV-vis absorbance plotted against each
spiked sample in the Quick Start'™ dye showed similar linear behaviors (Figure 2). These BSA
spike results illustrate that Bradford method is acceptable for manure samples with its inherent
dark colors, and works over a wide range of solids content (2%-6%) and different manure types
from treatment processes. The Bradford method also works with a broad range of concentrations
of selected reagents, including ammonium sulfate up to 1 M, DTT up to 10 mM, potassium
phosphate up to 0.5 M and urea up to 4 M?. Most of the mineral nitrogen in the animal manure
was in the nitrate form?®. The effect of various concentrations of nitrate has not been validated by
the commercial protein analysis kit suppliers, including the Quick Start™ by Bio-Rad (Hercules,
CA). The results of a series of sodium nitrate (NaNO3) spike with concentrations up to 1.25M
demonstrate that the manure soluble protein quantification method described in this study is

compatible with high concentrations of nitrate (Figure 3).
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Figure 3: Manure samples spiked with NaNO;
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E50 mM Tris Buffer

B 50mM Tris/0.02%
SDS/ 2.5mM DTT

Protein Content %
D

Figure 4: Comparison between simplified buffer and complete protein extraction buffer

Soluble Protein Extraction Methods for Bradford Analysis

Tris buffer is commonly used to extract proteins from plant tissue®’. Solubilization of protein
from undigested plant tissue is often performed using Tris buffer with detergents such as SDS
with disulfide bridges reduced by DTT**. However, even 0.1% SDS has a significant effect on
UV-vis absorbance compared to control samples™. A simplified buffer of 50 mM Tris and
Pierce™ Proteinase Inhibitor was compared to the traditionally complete buffer of 50 mM Tris,
PierceTM Proteinase Inhibitor, SDS and DTT. As shown in Figure 4, the simplified protein
extraction buffer yielded lower average protein extraction efficiency for high solids manure
samples (RM and DS). In contrast, the average soluble protein extraction efficiency using the
simplified buffer was higher for the low solids content manure sample (AD). The results suggest
SDS and DTT may assist protein solubilizing when more solids exist in manure. The solids in

dairy manure usually are fiber and insoluble minerals, thus the deposited protein were easier to
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be washed out when detergents added in the extraction buffer. These two buffers for protein
quantification of RM and DS were not significantly different (at a 95% confidence interval)
although the average of protein concentrations were slightly lower when using the simplified
extraction buffer compared to the complete buffer. Similarly, there was no significant different
(95% CI) between these two buffers for protein quantification of AD samples either. These
results indicate that simplified protein extraction buffer for animal manure protein assay is a
potential alternative to the traditional (complete) extraction buffer used for plant tissue and it is

easier to be adapted for farm-level application.

The ratio of sample volume to protein extraction buffer volume and the extraction time were the
important parameters to optimize manure protein extraction using Bradford method. According
to Figure 5, no significant differences (95% CI) were obtained for RM among the four
treatments, including the 45 mL simplified buffer shaken overnight, 45 mL simplified buffer of
15 sec vortexing, 15 mL simplified buffer shaken overnight, and 15mL simplified buffer of 15
sec vortexing. For the AD sample, the protein extraction efficiency using 45 mL simplified
buffer shaken overnight was significant lower. For the DS sample, the protein extraction
efficiency using 15 mL simplified buffer shaken overnight is significant higher (95% CI) than
the other extraction methods, which was possibly because the extraction of protein sediments and

fiber associated protein was enhanced by the longer extraction time.
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Figure 5: Comparison of four different protein extraction methods:
Overnight high volume (45mL), overnight low volume (15mL), vortex high volume (45mL) and
vortex low volume (15mL)

Total Kjeldahl Nitrogen (TKN) and Amino Acid Analysis (AAA)

The results from the TKN analysis demonstrated an estimate of crude protein concentration of
each manure sample. The crude protein concentrations of RM, AD and DS samples were 14.8%,
22.4% and 18.7% respectively. Traditional methods used to measure protein concentrations in
dairy manure (TKN) include NPN such as urea and ammonia. These methods usually
overestimate the protein concentration, especially when the ammonia concentration is high.
Trichloroacetic acid (TCA) has been used in protein purification since TCA stops enzymatic
reactions and precipitates the proteins®. The TKN results that washed with TCA precipitation
were much lower than TKN results using the original fresh manure samples, as seen in Figure 6.
Manure samples tested after being dried in an oven had a significantly lower TKN due to the
ammonia evaporation during drying™. Using dry dairy manure samples for TKN measurement is
more accurate for protein determination because ammonia nitrogen is excluded®'. The ammonia
nitrogen in original RM, AD and DS samples were 3.2%, 4.2% and 3.0% of the dry matter. In

contrast, the ammonia nitrogen in oven dried RM, AD and DS samples were 0.002%, 0.005%
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and 0.002% of the dry matter which are negligible. Although washing the dry manure with TCA
eliminated most of the NPN in animal manure, there is a possibility that some NPN residue still
existed. Therefore, using the TKN value in dry manure washed with TCA for protein estimation
is likely slightly higher but close to the “real” protein concentration. In conclusion, to better
estimate protein content in manure samples using crude protein analysis method, the samples

should be either oven dried, TCA washed or subtracted ammonia nitrogen.

70
60
50

40
TCA

30 E@No TCA

20

Total Protein Content %

10

Figure 6: Protein concentration analysis in fresh dairy manure samples (RM, AD and DS) by
Total Kjeldahl Nitrogen method
The amino acid analysis (AAA) is considered to be a more accurate protein quantification
method since it is based on amino acid data. The protein concentration of the DS samples
measured by AAA was 4 times higher than that measured by the Bradford method (Figure 7).
This is likely because there were more solids in sludge samples, which contained higher amount
protein sediments and fiber associated protein. These proteins are harder to extract and detect

using the Bradford method. Since manure samples contain large amount contaminants that can
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hinder the actual analysis, they must be subjected to multiple purification steps before analysis.
Because of this, the manure protein concentration may be underestimated, and the manure

protein estimation using AAA is likely slightly lower but close to “real” protein concentration.

©CoO~NOUTA,WNPE

The “real” protein concentration should be within the range of the AAA results and the results
13 calculated from corrected TKN. As expected, the results in Figure 7 revealed that crude protein
15 value was the highest among these three protein assays but it was likely overestimated. These
18 results also suggest the Bradford method has low protein extraction efficiency for high solids
20 samples and AAA is a more accurate assay for manure protein concentration determination. A
protein range can be estimated by the results of crude protein assay and Bradford assay if AAA

25 is not available or feasible for some circumstances.
25

30 20

15 [ Bradford

AAA

10 B TKN

w
a1
Total Protein Content %

Figure 7: Comparison of dairy manure protein assays

o1 Comparison between Bradford Method and Total Kjeldahl Nitrogen Method on Batch Samples

Relationships between soluble protein extraction efficiency and solids contents were studied. The

57 soluble protein extraction efficiency was defined in Equation 1.
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Bradford protein concentration
(Total Kjeldahl N—-Ammonium N)x6.25

Soluble protein extraction efficiency = X 100% (Eq 1.

As shown in Figure 8, manure samples with higher volatile solids contents and higher total solids
contents yielded lower soluble protein extraction efficiencies. This result is likely related to the
fiber content in the manure samples. Also, the observations to the both end of the curves showed
in figure 8(a, b) are interesting. When the solids content was high, the protein extraction
efficiency was very low and reached a plateau. It is possibly because of the majority of the
component in the high solids manure are large fibers which have not been digested or degraded.
The protein associated with these fibers is the most difficult to be solubilized and extract. In
addition, the dairy manure samples with highest solids content are usually dry samples such as
lagoon day solids. Protein can be used as adhesive material which applied as coating on fibers
for various purpose such as wood fiberboard preparation®”. The air-dried protein coating on fiber
is very stable and usually insoluble in water. Furthermore, protein and nitrogen in excessively
heated samples are usually unavailable to animals and thus inaccessible for protein extraction.
These facts may explain why the low protein extraction efficiency obtained from dry manure
samples in this study. In contrast, the organic matters in manure samples of lowest solids content
and volatile solids content are usually very small fibers and other soluble contents including
soluble protein®. This feature made Bradford protein analysis a very fast and accurate method

that is suitable for protein determination in low solids content manure samples.

Additionally, figure 8c demonstrated a linear relationship that increasing volatile solids
percentage in the total solids yielded decreasing protein extraction efficiency. Usually, the
manure samples with higher solids content have higher volatile solids percentage, thus the results

in figure 8¢ were consistent with the results shown in figure 8(a, b). The R? of protein extraction
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efficiency versus volatile solids contents, total solids contents and the percentage of volatile
solids in total solids using R program (Rstudio, Boston, MA) were 0.81, 0.78 and 0.67

respectively. These equations could be potentially used for total nitrogen and protein

©CoO~NOUTA,WNPE

concentration estimation by plotting the soluble protein results in when total solids and/or
13 volatile solids content are available. The protein concentration in dairy manure samples with
15 very low solids content could be considered very close to the soluble protein concentration

18 measured by Bradford method using UV-vis described in this study.
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Total solids contents in dry matter %
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Figure 8: Protein extraction efficiency in manure samples with various amounts of (a) volatile

solids, (b) total solids and (c) volatile solids% in total solids

To better understand the interactions of the protein and fiber in manure system, related

researches have been reviewed. The fiber content including cellulose, hemicellulose, and lignin

in manure can be determined by the analysis of neutral detergent fiber (NDF), acid detergent
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fiber (ADF) and acid detergent lignin (ADL)*. Protein associated with the NDF fraction was
likely to be more difficult to be extracted into the extraction buffer because the reagents have
limited access to the cell wall components and the cell contents®. The protein bound to ADF,
such as acid detergent fiber crude protein (ADIN), are also difficult to extract into the soluble
form and it is usually considered to be unavailable to animals®®. ADIN is defined as the nitrogen
remaining in the acid detergent fiber residue, it occurs naturally in plant material and animal
manure. It is generally analyzed to estimate the heat damage that occurred during storage or
processing. Research indicates that recovery of ADIN in feces was poor, which explains the
lower soluble protein extraction efficiency in high fiber and solids content dairy manure

37
samples”'.

Conclusion

Dairy farms often feed high crude protein diets to ensure a sufficient supply required for
maximal milk and protein production of dairy cows. However, overfeeding crude protein is
excreted in the urine or in the manure. It reduces profit margins when over feeding crude protein
since it lowers the nitrogen utilization efficiency and the high protein diets are relatively of high
cost™. Animal feeding including the concentration of crude protein can affect the amount and
route of nitrogen excretion such as via fecal or urinary. Currently, common method for
estimating manure nitrogen contents is total Kjeldahl nitrogen but it often needs to be corrected
by subtracting ammonia nitrogen. It is a sophisticated and time consuming procedure which
usually over estimates the nitrogen contents according to the results discussed in this paper. The
method developed and validated using UV-vis based on Bradford method in this study can be

easily adapted at a farm-level with simple calculation to monitor manure soluble protein and
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estimate crude protein concentration in order to control protein feeding in the diet and to manage
the amount of the manure as fertilizer when spread to the field. In addition, the soluble protein
measured using Bradford method could be beneficial for determining the value of manure as

nutrient media or for other purposes.

In conclusion, a manure protein concentration measurement assay adopted from Bradford
method using UV-vis has been validated in this study. It has been proven to be compatible to
measure protein concentration in manure samples and it is effective and relatively easy to
perform. The method described in this study would be used as a supplement of traditional protein
concentration quantification, especially when the solids content in manure sample is low. The
results of comparing multiple on-farm treatment samples suggested possible relationships for
estimating manure total protein concentration using soluble protein concentration based on

manure solids content.
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