




North Central Canola Research Program -FY 2007 
Project Narrative  

 
Research Objective 

 To develop a rapid analytical methods for determining fatty acid profiles and chlorophyll 

in canola using near-infrared (NIR) spectroscopy.   

Procedures 

1. A description of the proposed investigations 

 Methods: In order to develop an NIR spectroscopy method, wet chemistry methods must 

be used to determine the content of the fatty acids and chlorophyll. The wet chemistry data are 

then correlated to NIR spectra of the samples to create a calibration curve. We will scan 500 

samples on the Perten and subject the spectra to chemometrics software (Grams) to develop the 

calibration curve. Once this preliminary calibration is developed, 200 samples to be evaluated by 

wet chemical methods in at least duplicates. After the wet chemical analysis, 150 of the 200 

samples will be used to update the preliminary calibration curve. The remaining 50 samples will 

be used as the monitoring set to test the reliability of the equation. The closer the wet chemistry 

data is to the NIR data obtained from the updated calibration curve the more reliable is the 

equation and the calibration curve. In year two of the project we will continue to build the 

calibration robustness by evaluating additional samples. We will allow access by other research 

groups interested in scanning samples via the NIR. This will allow us to further develop the 

calibration curve.    

 

2. Techniques to be employed, including their feasibility 

Materials: Canola samples will be obtained from Art Killam from the University of 

Minnesota. Supplies for fatty acid and chlorophyll analysis will be purchased from Aldrich 

Chemical Co. (Milwaukee, WI). Some of the materials include chlorophyll standards, fatty acid 

methylating solvents, and solvents (methanol, acetone) for high performance liquid 

chromatography (HPLC) analysis of chlorophyll. Columns and vials for the HPLC and gas 

chromatography (GC) will be purchased from VWR Scientific. 

Wet Chemistry Methods. The fatty acid profile analysis will include Soxhlet extraction of 

the canola to remove the oil and then GC analysis of the methyl esters. Lipid extraction will be 

necessary for fatty acid profile analysis. Soxhlet extraction using hexane will be completed for 
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16 hours to assure maximum oil extraction. After the extraction, the solvent will be removed by 

rotoevaporation at 35˚C. The canola oil remaining will be weighed and this oil methylated using 

the method of Schwarz et al. (1995). Briefly, 250 mg of oil and 5 mL of methylating reagent (2% 

sulfuric acid in methanol) will be heated 30 minutes in a sealed test tube at 100˚C. After cooling, 

3 mL of hexane will be added to extract the methyl esters. The hexane solution containing the 

methyl esters will be place in vials and separated by the GC method described by Schwarz et al. 

(1995). 

The gas chromatography (GC) system (HP 5890, Hewlett Packard, Avondale, Pa., 

U.S.A.) equipped with an SP-2330 fused silica capillary column (30 m × 0.25 mm i.d., and 0.20-

mm film thickness)(Supelco, Bellefonte, Pa., U.S.A.), a flame ionization detector and an HP 

3393A integrator will be used to determine fatty acid profiles. The operation parameters are as 

follows: injector and detector temperatures will be both set at 200 °C; the oven temperature will 

be ramped from initial 150 °C (held for 5 min) and then increase 10°C/min to a final temperature 

of 180 °C at a rate of 10 °C/min. The oven will be maintained at 180 °C for 12 min to complete 

the run. The helium flow rate will be 1.3 mL/min. The composition of fatty acids will be 

determined using internal standard (heptadecanoic acid, C17:0) method. The data will be 

converted from percent oil into mg oil/kg of canola seed value.   

 Chlorophyll a and b will be determined according to Forni et al.(1988), with some 

modifications. Ground canola (5 g) will be extracted three times with 20 mL acetone containing 

sodium carbonate (final pH 7). The pooled extracts (final volume 60 mL) will be dried under 

vacuum at 30˚C and then taken up into the mobile phase solvent acetone/ethanol/water (70/17/13 

v/v/v). The samples will be injected onto a RP18 column (Phenomenex) and chlorophyll 

separated with a mobile phase of acetone/ethanol/water (70/17/13 v/v/v). Detection will be 

completed with a spectrofluorimetric detector (Waters) using an excitation λ= 413 nm, and an 

emission λ= 669 nm. The concentrations will be determined using a calibration of chlorophyll a 

and b standard solutions. Data will be reported as mg chlorophyll / kg canola.   

The methods to determine fatty acid profiles and chlorophyll are well established. Dr. 

Hall has 18 years experience in fatty acid analysis and 9 year with the specific method 

proposed in this research. Dr. Hall has had 20 years of experience in using HPLC techniques to 

analyze food components. Although the specific HPLC method proposed has not been used in 

Dr. Hall’s laboratory, a similar chlorophyll detection method using a different mobile phase 
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and detector has been used previously. The proposed method is more sensitive than the 

previously used method; thus, we will use the new method. The fatty acid profiles and 

chlorophyll contents will not be difficult to complete but will require significant time due to 

the length of each protocol. 

We will work with Art Killam in developing the NIR calibration curve. Art is 

responsible for the NIR laboratory in the Department of Agronomy and Plant Genetics at the 

University of Minnesota. Mehmet will operate the Perten NIR in the Northern Crops Institute 

as he has been trained on this instrument and is the person in charge of its operation.  

  

3. Kinds of results expected 
 We expect that the NIR calibration curves for fatty acid profiles and chlorophyll will be 

established. The expected data will be similar but not identical to that reported by Siemens and 

Daun (2005) who reported data for fatty acids on Canadian canola by NIR. However, they did 

use a different NIR instrument so differences in data may be due to the methods used to create 

the calibration curve.  

 
4. Means by which data will be analyzed or interpreted 
 

For both fatty acid profiles and chlorophyll determinations, the data will be statistically 

analyzed using analysis of variance (ANOVA) in which the least significant means (LSMEAN) 

will be used to determine the 95% confidence level (P<0.05). This will provide the researchers 

with the repeatability of the extraction and analytical protocols.  

The NIR data will utilize the Partial Least Squares in the chemometric software (Grams) 

to develop the calibration curve. We will also use analysis of variance (ANOVA) and least 

significant means (LSMEAN) to determine statistical differences between the fatty acids or 

chlorophyll contents measure by wet chemical methods and NIR. Data that is not significantly 

different indicates that the calibration curve is robust.    

 
5. Pitfalls which might be encountered 
 The major pitfall in this investigation would be that we might not have canola samples 

with a large range in fatty acids or chlorophyll contents. The robustness of the calibration curve 

for NIR depends on having a range in the analyte of interest. Thus, if the samples all have similar 
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fatty acids or chlorophyll levels then the calibration curve will not be as robust as when the 

samples are more diverse.       

6. Limitations to proposed procedures 

 The limitation of any analytical protocol is the variability in the protocol itself and the 

individual conducting the analysis. To reduce the error associated with the protocols we employ 

recover studies to determine how accurate the results are expected outcome.  If an individual 

obtains results greater than 10% from the expected, they will repeat the protocol to achieve the 

desired outcome (i.e. less then 10% difference).  The limited samples (200) will allow us to 

develop a curve suitable for preliminary calibration development. However, at the end of the 

second year we will have sufficient number of samples analyzed to create a robust calibration 

curve. 

Justification 

McKay et al (2006) reported that 2 million acres of canola would be required to meet the 

current and estimated canola needs. Approximately 700,000 to 800,000 acres of production 

annually would be required to meet the needs of two North Dakota biodiesel plants that are now 

under construction. However, providing canola most suitable for the biodiesel industry will 

require a team effort that includes plant breeders and oil chemists. The chemical analysis of the 

canola is one bottleneck in the selection of canola lines suitable for biodiesel or edible oil. 

Chemical analyses can require substantial time to complete one assay. For example, fatty acid 

profiles can take up to 48 hours to complete, which includes extraction, methylation and the 

measurement by GC. Chlorophyll determination requires approximately 16 hours to complete, 

which includes extraction and HPLC analysis. In contrast, NIR can provide data within minutes 

once samples are placed in the instrument. In general, the total time for measuring quality traits 

by NIR is less than five minutes. Furthermore, multiple traits can be completed in one run; thus, 

substantial timesavings can be recognized and allow researchers to analyze more samples in a 

shorter time. Another advantage of NIR is that the raw data can be downloaded to spreadsheets 

for more rapid data manipulations. Other techniques require that the technician input the data 

into a spreadsheet prior to manipulation, which increases the chance of error during data input.       

To accurately measure quality parameters by NIR, a calibration curve must be developed 

on test samples that represent the samples that would be characteristic of those from the breeding 

program or from a specific growing area. Furthermore, the robustness (i.e. accuracy and validity) 
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of the analysis increases as more samples are used in the calibration development. Samples 

evaluated over the course of several years can further enhance the robustness of the calibration 

because the samples best represent a seed that would be grown under different conditions. 

Starting this research during the fiscal year would expedite NIR calibration development for fatty 

acids and chlorophyll from U.S. grown canola. This curve could then be provided to others 

developing canola lines suitable for specific applications.  

The collaboration between NDSU, the Northern Crops Institute, and the University of 

Minnesota is the ideal fit for this research. The Northern Crops Institute has the only Perten NIR 

systems at NDSU and works extensively with Perten in developing calibration curves. Art 

Killiam has access to close to 500 canola breeding lines, which could provide a diverse 

population of canola samples for the calibration development. The wet chemical methods are 

necessary in calibration development. Oilseed fatty acid analysis is routinely completed in Dr. 

Hall’s laboratory at NDSU. Thus, Dr. Hall will direct the research dealing with this aspect of the 

study.  

Literature Review 

The fatty acid composition and chlorophyll contents are two components that affect the 

quality of canola oil and its uses. The fatty acid composition of canola makes it ideal for 

biodiesel. In contrast, the high chlorophyll content of the oil can create problems. While most oil 

contains typically less than 1 ppm chlorophyll, canola contains 13-30 ppm. The high level of 

chlorophyll in crude canola oil reduces the efficiency of the oil refining process. The reason 

being is higher amounts of bleaching clay are needed to remove the chlorophyll and in the 

process bind more oil; thus, less refined oils is available for the end user. Developing varieties 

with less chlorophyll could enhance refined oil yields. Providing the breeder with a tool that 

could rapidly screen large volumes of samples could reduce the time required to develop new 

varieties.  

There have been several reports on analyzing canola components using NIR (Van Deynze 

and K. P. Pauls, 1994; Golebiowski et al., 2005; Siemens and Daun, 2005). As with other 

technologies, updates are needed to maintain the validity of the method. Thus, using calibrations 

on samples prior to 2000 are not useful as the technology of NIR has changed since that time. 

Furthermore, a calibration curve must be developed for samples that will represent a population 

of samples to be evaluated, as components such as fatty acid differences can influence the data 
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(Panford  and deMan, 1990). In the 2001 Canadian Canola Quality survey, DeClercq and Daun 

(2001) reported chlorophyll contents of 16-18, 32-33 and 48-58 mg/kg for canola number 1, 2 

and 3, respectively. If a calibration curve that was developed from samples containing between 

16-33 mg chlorophyll/kg canola was used in the analysis, then the data from canola containing 

greater than 33 mg chlorophyll / kg canola would not be valid. Thus, measuring samples using a 

Canadian or European calibration curve may not be valid as the canola composition may differ 

from the U.S. canola.  

The wet chemistry method for validating the NIR instrument is also important. Canola 

has a diverse fatty acid profile that includes palmitic (4%), palmitoleic (0.3), stearic (2%), oleic 

(61%), linoleic 20%), linolenic (10%), arachidic (0.7%), gadoleic (1.3%), eicosadienoic (0.1%), 

behenic (0.3%), erucic (0.1%), lignoceric (0.2%). However, development of a calibration curve 

that includes all fatty acids is not practical as palmitic, stearic, oleic, linoleic and linolenic are the 

major fatty acids. In addition, erucic acid would be the only other fatty acid that would be of 

interest as some countries would require this data to be able to differentiate canola from rapeseed 

oil. However, only the composition of the major fatty acids would be needed for the biodiesel 

industry, as minor fatty acids could be lost during biodiesel product.  

Unlike the fatty acid profiles, calibration curves for chlorophyll are not as robust due to 

the wet chemistry method used to develop the curve. The traditional chlorophyll analysis uses 

spectrophotometer. This method allows for chlorophyll determination but not chlorophyll 

derivatives. Chlorophyll analysis by HPLC allows for a more accurate evaluation of  

cholorophyll content.        
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Facilities and Equipment  

The laboratory research will be conducted in the NDSU Pilot Plant laboratory and the 

grain-testing laboratory in the Northern Crops Institute. Equipment available includes high 

performance liquid chromatographs (including 1 LC-MS), Minolta Lab Colorimeter, ash 

furnaces, Soxhlet extractors, Perten NIR.  

Project Timetable  
 
 The project will be 24 months in length. The length is based on the evaluating canola 

samples over a two-year period. The first year of the project will include the evaluation of canola 

from the 2007 growing season and year two will include canola samples from 2008 growing 

season.  In each year, we will start with the characterization of the fatty acid profile evaluation. 

Once the wet chemistry has been completed, the samples will be evaluated using the NIR 

instrument. The chlorophyll will be evaluated after the fatty acid profiles have been established. 

Once the calibration curves have been established, 100 canola samples will be selected and the 

fatty acid profiles and chlorophyll contents determined by NIR as a means to re-affirm the 

sample traits. At the end of each year, reports will be written.  

Personnel Support 
Clifford Hall III (Project Director): Ph.D. in Food Science and Technology with specific interests in 
lipid and natural products chemistry. Projects on flaxseed in functional food systems have been the 
primary area of research since 1999.  However, he has supervised several projects dealing with fatty acid 
analysis of oilseeds. Time commitment = 5% 
  
Mehmet Tulbek: is a Crop Quality Specialist at the Northern Crops Institute (NCI). He is responsible for 
developing educational materials for specialty commodities at the NCI. As part of his duties, he is 
responsible for collecting compositional data on oilseeds. In particular, he is responsible collecting data 
using NIR and development of calibration curves. Time Commitment = 10% 
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Clifford Hall III 
                                                              
Education 
      M.S., Ph.D. Food Science    University of Nebraska-Lincoln, May 1991, 1996   
      B.S. Food Science; minor in Chemistry University of Wisconsin - River Falls, May 1988  
 
Experience-Current Position 
July 2005-present: Tenure track Assistant Professor. Responsibilities of the job include teaching, research and 
administrative activities. 
 
August 2003 - present: Associate Director Great Plains Institute of Food Safety 
 
August 2002-present: Food Science Coordinator 
  
Experiences - Teaching 
North Dakota State University  
August 1998 - present: Instructor for the Food Chemistry Lecture (CFS 460/660) and Laboratory (CFS 461/661), 
Food Processing (470/670) and Laboratory (471/671), and Advances Cereal and Food Chemistry II (Lipids Section) 
(CFS 766) courses.  
 
Experience - Industry     
ConAgra Frozen Foods Omaha, NE - March 1991 - January 1992: Internship position dealt with  formulation of new 
food products and reformulation of existing food products. The majority of the internship dealt with modifications to 
the Kid Cuisine frozen dinners and Banquet adult dinner products. Several projects focused on starch chemistry, 
color chemistry and nutritional comparisons.  
 
Grants Funded (2005-2006) 
Wolf-Hall, C.E., J.Garden-Robinson, C. A. Hall III, V. Hinsz, M.Khaitsa, W. Nganje, C. Wachenheim. 
Great Plains Portal to Food Safety: Educating Tomorrow's Leaders. USDA-CSREES-Food and 
Agricultural Sciences National Needs Graduate Postgraduate Fellowship Grants Program. $156,000 
(2007-2011) 
 
Hall III, C.A., Antimicrobial Activity of Flaxseed. North Dakota Agriculture Products Utilization 
Commission. $30,000 (2006-2007) 
 
Hall III, C.A., C.  Wolf-Hall, and G. Lardy. Soybean Substrates in Mushroom Production and Animal 
Feed Supplements. North Dakota Soybean Councils $24,600 (2006-2007) 
 
Hall III, C.A., and B. Zhao. Graduate School Dissertation Fellowship. North Dakota State Graduate 
School. $15,330 (2006) 
 
M. Tulbek, and C.A. Hall III. Development of Omega-3 Fortified Extruded Bean Snacks. Northharvest 
Bean Growers. $35,900 (2006-2007).  
 
 
Activities in Professional Organization 
Lipid Oxidation and Quality (LOQ) Division of the American Oil Chemist’s Society: 
  Best Paper Competition Committee Chair (2003-2006)   
  Chairperson for the LOQ Division (2005-present) 
  Secretary for the LOQ Division (2003-2005)   
  Membership committee representative for the LOQ Division (2001-2003)   
 
Senior Associate Editor for the American Oil Chemist’s Society (2006-present).  
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Peer reviewer for manuscripts submitted to the American Oil Chemist’s Society, Institute of food 
Technologists, and American Chemical Society (J. Agric. Food Chem.). 
 
External reviewer for the National Research Initiative (NRI) Competitive Grants Program of the 
CSREES-USDA. 
 
Publications (2005-2006) 
Manthey, F. and C.A. Hall III. Effect of processing and cooking on the contents of minerals and protein 
in pasta containing buckwheat bran flour. Journal of the Science of Food and Agriculture. (accepted)   
 
Hall III, C.A., Tulbek, M.C. and Xu, Y. 2006. Flaxseed. In: Advances in Food Science and Human 
Nutrition. Edited by S. Taylor. Elsevier Inc. Volume 5 pp 1-97. 
 
Kangas, N, M. Niehaus and  C.A. Hall III. 2006. Utilization of Flaxseed Gum In Dairy Foods. Proceedings of the 
61st Flax Institute of the United States. Edited by J. Carter. Published by North Dakota State University, Fargo, ND.  
pp 205- 212.  
 
Schorno, A., F. Manthey, C.A. Hall III, D. Wiesenborn and J. Hammond.  2006. Immature and Off-Colored Seeds 
Affects Oil Quality in Milled Flaxseed. Proceedings of the 61st Flax Institute of the United States. Edited by J. 
Carter. Published by North Dakota State University, Fargo, ND.  pp 186- 192.  
 
Xu, Y., C.A.  Hall III, C. Wolf-Hall and F. Manthey.  2006. Antifungal Activity of Flaxseed Flours. Edited by J. 
Carter. Published by North Dakota State University, Fargo, ND.  pp 177-185. 
 
Ghosh, P., F. Manthey, M. Chakraborty and C.A. Hall III. 2006.Effect of Flaxseed Flour on the Quality of Fresh 
Wheat Tortillas. Proceedings of the 61st Flax Institute of the United States. Edited by J. Carter. Published by North 
Dakota State University, Fargo, ND.  pp 170-176.  
 
Wiesenborn, D., Kangas, N., Tostenson, K., Hall III, C. A.., and Chang, K. 2005. Sensory and Oxidative Quality of 
Screw-Pressed Flaxseed Oil. J. Am. Oil Chem. Soc. 82: 887-892. 
 
Liu, J., C. Vijayakumar, C.A. Hall III, M. Hadley and C.Wolf-Hall. 2005. Sensory and Chemical Analyses of 
Oyster Mushrooms (Pleurotus sajor-caju) Harvested from Different Substrates J. Food Science 70 (9):S586-592.  
 
Hall III, C.A., F.A. Manthey, R.E. Lee and M. Niehaus. 2005. Stability of α-Linolenic Acid and 
Secoisolariciresinol Diglucoside in Flaxseed-Fortified Macaroni. J. Food Science 70 (8): C483-489. 

 
Wiesenborn, D., K. Tostenson, N. Kangas, Y. Zheng, C. A. Hall III, M. Niehaus, P. Jarvis, J. Schwarz and W. 
Twombly. 2005. Processing Flaxseed for Food and Feed Uses. Food Sci. Biotechnol. 14(3):305-310.    
 

MEHMET CAGLAR TULBEK 
Northern Crops Institute North Dakota State University 
1240 Bolley Dr. Fargo ND 58102 Phone:  701-231-5493 Fax: 701-231-7250 
E.mail: mehmet.tulbek@ndsu.edu http://www.northern-crops.com
 
EDUCATION 
Ph. D.: May 2001- Expected December 2006 (GPA: 3.78) 
North Dakota State University Department of Cereal Science Fargo, ND 
Ph.D. Dissertation: Development and characterization of fermented chickpea in sour dough bread 
M.Sc.: 1996-1999 (GPA: 3.23) 
Istanbul Technical University Department of Food Engineering Istanbul, Turkey 
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M.Sc. Thesis: Relationship between some quality parameters of the Turkish wheat flours and their 
noodle making 
B.Sc.: 1991-1996 (February) 
Ankara University Faculty of Agriculture Department of Food Science and Technology Ankara, Turkey 
 
WORK EXPERIENCE & ACCOMPLISHMENTS 
Pulse and Oilseed Specialist: January 2006 - Present 
Northern Crops Institute Fargo, ND 
Research and Teaching Assistant: April 2001 – September 2005 
North Dakota State University Department of Cereal Science Fargo, ND 
Research and Teaching Assistant: May 1997- April 2001 
Istanbul Technical University Department of Food Engineering Istanbul, Turkey 
 
MEMBERSHIP TO PROFESSIONAL SOCIETIES 

• American Oil Chemists Society     March 2006-Present 
• NDSU Food Science Club     Sep. 2001-Present 
• Institute of Food Technologists        May 2001-Present 
• American Association of Cereal Chemists   May 1998-Present 

 
AWARDS & SCHOLARSHIPS 

• AACC Student Product Development Competition 2nd Place (Bison R Flax) 2004 
• IFT Minnesota Section Travel Scholarships 2002, 2003 and 2004 
• NDSU Department of Cereal Science Roman Meal Scholarships 2002 and 2004 
• Istanbul Technical University Turkey Young Scientist Support Award 1999 
• Gödöllö Agricultural University Hungary Summer Internship Scholarship 1994 

 
SELECTED PUBLICATIONS 
Book Chapters 
Hall, C., Tulbek, M.C. and Xu, Y. 2006. Flaxseed. In: Advances in Food Science and Human Nutrition. 
Vol 51. pp 1-97. Elsevier Inc. 
 
Proceedings and Presentations 
Tulbek, M.C., Hall C., Wolf-Hall C.E. and Schwarz, J.G. 2005. Evaluation of sour-dough chickpea bread. 
American Association of Cereal Chemists (AACC) 2005 Orlando FL 
Tulbek, M.C., Schorno, A., Meyers, S., Hall, C. and Manthey, F.A. 2004. Chemical and sensory analysis 
and shelf stability of roasted flaxseed. 60th Flax Institute Meeting. March 17-19 2004 Fargo ND 
Boyacioglu, M.H., Tulbek, M.C., Dexter, J.E., Preston, K.R., Hatcher, D.W. and Unal, S.S. 2002. The 
effects of extraction rate, dough mixing time and improvers on Turkish hearth bread quality of some 
Canadian durum wheat cultivars. American Association of Cereal Chemists (AACC) 2002 Montreal, CA. 
Dexter, J.E., Preston, K.R., Hatcher, D.W., Boyacioglu, M.H., Tulbek, M.C. and Unal S.S. 2000. Flat 
bread, chapati and hearth bread quality of milled products varyıng in extraction rate and particle size from 
Canadian durum wheat cultivars, 11th Cereal and Bread Congress (CHL2000), September 8-15 2000 
Australia 
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Budget 
 A fund of $46,780 is request for the completion of the project “Determination of fatty 
acid profiles and chlorophyll in canola using near-infrared (NIR) spectroscopy”.  Below is an 
estimated budget for the 24 month project. 
 

      Year 1     Year 2      Total  
A, and B.  Salaries and Wages:    7,140        7,140            14,280    

  Graduate Students  
We request a quart time stipend to fund one graduate student who will work on this project.  
A 2% fringe benefit rate for graduate students is charged at NDSU and is requested. The M.S. 
salary is $14,000/ year plus $140/year in fringe benefits. This student will be funded for 2 
years, which comes to $14,280. 

 
   

         Year 1        Year 2              Total 
C. Equipment:       21,872         0                   21,872 
  

         Year 1        Year 2              Total 
D. Travel:         0         1000              1,000 
Travel for the graduate student to present the results of the experiments at a 
professional meetings. The PI recently attended a professional meeting of the American Oil 
Chemist’s Society and Institute of Food Technologists. The average total expense for the  
was $1,000-1,200, thus the $1,000 request. 

 
F Other Direct Costs 
 1.  Materials and Supplies: Year 1      Year 2             Total   
     3,000    3,000               6,000        
 HPLC Solvents:    1,000    1,000             2,000  
 Chemicals/supplies for extractions:  1,000       1,000               2,000         
 Chromatographic supplies - GC:  1,000    1,000               2,000         
  
 
    Year 1      Year 2        Total 
 2. Publication:      0      500                 500 
 Cost for publishing in scientific journal. An average cost of $100 / page would be  
 expected with the average article of five pages or and average cost of $500.  
 
     Year 1      Year 2        Total 
 6. Fee     2,500     2,500             5,000 
 Art Killam will collaborate with us on the project. He will conduct some NIR analysis  
  for a fee. The analysis cost $5 per sample. Each year we will have 500 samples to evaluate 
  thus the cost per year will be $2,500.   
 
    Year 1      Year 2        Total 

         Total Amount Requested:                  34,512           15,140           49,652 
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