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MEETING  MINUTES – 
The 2005 annual meeting of NC-136 was held at the ACES Library Heritage Room, University of Illinois, Urbana-Champaign, IL on October 1-3, 2005.  The meeting was chaired by M. Karwe (NJ) and hosted by G. Padua, H. Feng and colleagues (IL).  This meeting was a combined meeting, the final meeting of NC-136 and the first meeting of NC1023.  

Saturday, October 1:

A reception for NC-136 participants was hosted by Graciela Padua from 6:30-9:30 pm.

Sunday, October 2:

8:00 am: Welcome 
Dr. Graciela Padua opened the meeting and welcomed participants.  She introduced Dr. Faye Dong, Head, Dept. Food Science and Human Nutrition, UIUC, who welcomed the group to campus.  Dr. Dong described the campus  (75% ug, ~40K students, 2000 faculty) and recent achievements by the faculty (e.g., 2-2003 Nobel Prize winners). She described the College as moving toward interdisciplinary research with FS&N integrating food processing into Ag and Biological Engineering and nutrition. She acknowledged the leadership of food engineers in our professional organizations.
Chair Mukund Karwe asked participants for self-introductions.  
Chair Karwe then introduced Dr. Daryl Lund, Administrative Advisor for NC-136/1023.  Dr. Lund’s role as Administrative Advisor is to advise and counsel NC-136/NC1023.  As a “project committee” we must have ongoing collaborative research (vs. “coordinating committees” that report on activities). Collaboration is part of maintaining the project status; Lund congratulates us on our collaborative work during NC-136 and encourages future collaborative efforts in NC1023. 
To complete NC-136, we must file a Termination Report within six months.

Dr. Lund led the discussion on the use of NIMSS (National Information Management and Support Systems) and recommends that we use the site as the official NC1023 repository.

Action item: we will be moving toward using the NIMSS website as the official NC1023 website. http://www.nimss.umd.edu/
Chair Karwe introduced Dr. Hongda Chen, USDA/CSREES Representative to NC1023.  Dr. Chen gave an update on USDA/CSREES activities.  Regarding the USDA/NRI, he does not anticipate significant changes in the RFP for 2006.  He strongly encourages an integrated approach with Research, Extension, and Teaching.  The intent of the program is to use research to solve real problem using cutting-edge research techniques.  In the fiscal year 2005, 27 projects were funded in 71.1A; the goal is to increase the success rate to 20% by narrowing the scope of priority.
Hongda encouraged good proposal to be submitted to the Strengthening Award; in 71.1, $0.5 million was lost due to lack of submission.

Action item: Feedback to Hongda Chen, USDA/CSREES(hchen@csrees.usda.gov)

Hongda would like feedback on: 

(1) planning for future direction of NRI RFP, 

(2) SBIR as more effective bridge to commercialization,

(3) Ways to integrate NRI with USDA Higher Education Program, Challenge Grants, Graduate student Fellowships

Action item: Feedback to Hongda Chen, USDA/CSREES  (hchen@csrees.usda.gov)

Hongda would welcome comments/suggestions/ideas about specific NSF programs that could possibly link to USDA and NC1023 interests. 

9:20am-12:10pm:  Station reports were presented: alphabetically.  
CA: Kathryn McCarthy and Paul Singh presenting

Kathryn reported the use of the Brookfield YR-1 to measure yield stress values of tomato concentrates.  This unit was beta-tested by several NC-136 stations.
A special issue of J Texture Studies is being compiled with contributions from NC-136 stations; K. McCarthy as guest editor, a 2006 publication date is anticipated.
Paul reported work on an air impingement project; this project started after discussion with R. Moreira (TX).  Paul suggests future collaborations with other stations, possibly hosted at UC Davis, as well as continuing current collaboration with Swedish researchers.  Expertise includes use of PIV and Fluent modeling of air flow, in addition to experimental work.
A current NRI grant supports research in the area of cooling clam shell packages of strawberries.  The goal is efficient cooling and spacing of air holes; this project integrates Extension.  Paul welcomes collaboration from other stations.  
DE: Cathy Davies presenting
Cathy reported on Maillard browning, with focus on acrylamide formation and color formation; she welcomes collaboration for kinetic modeling that is more mechanistic than the currently used polynomial model.  Cathy is involved in HPLC work in collaboration with Drexel and is open to other collaborations. 

GA: Rakesh Singh presenting

Initially in collaboration with TN, Rakesh reported on a HTST kinetics study of ready-to-eat eggs.  This past year, GA station has worked with CAFT, Rutgers.  The goal was to control browning with the development of two-stage process for higher quality.  The project has been completed. The GA station is moving into the area of alternate processes. 

IA: Lester Wilson presenting 

Lester reported on work in the area of radiation, both as a preservation method and the effect of inherent radiation.  Collaborative work is ongoing with NASA (Michelle Perchonok) regarding radiation effects on foods during Mars mission; with IN (Lisa Mauer) regarding gamma- irradiation of wheat and soybean oil; with IL (Graciela Padua) regarding gamma-radiation.
In addition, IA has collaborative work with TX collaborators (electron beam and antioxidant work) and collaborative work with NC station through the gel ad hoc committee (see App B).

Lester reported on the irradiation of soybean and soybean products (soymilk, tofu) and evaluation of oxidative products, color, texture, yield; Germination of irradiation soybeans (and “dead beans”).  Lester is currently writing a book chapter (with WA station) and participating in the JTS special issue.
IL: Graciela Padua presenting

Graciela reported on work performed in collaboration with NJ (J. Kokini) under Objective A, extruded biobased plastic for packaging and rheological characterization.  The study used a single screw extruder with a blowing head that resulted in a film.  The goal was to modify the process for better products/strong network formation. Process: 35% moisture feed to 5-6% moisture product through multiple extrusion passes; low temp (35C) to minimize thermal degradation.
Although not funded, IL and PA submitted a joint proposal to NASA Food Technology Commercial Space Center to test a lamination process for water and gas permeability (Obj C).
In collaboration with IA, an irradiation study of whole beans was performed.  IL is open to future collaboration with their lab irradiator (MDS Nordion Gammacell 220 Excell).
IN: Mark Morgan presenting

IN has performed collaborative research with OSU (S. Barringer) using an AFM system.  The purpose was to measure adhesion by force deflection curves of maltodextrin attached to glass bead.  Potential collaboration possibility with TX (E. Castell-Perez) using UV polymerization to embed enzymes on food contact layer of packaging, e.g., glucose oxidase on triacrylate. 

KY: Fred Payne presenting 

Fred discussed the focus on food process automation, esp. in cheese making industry: cutting time, transition detection in piping system changing from water to milk using optical sensing and transmission in Hz; microbial detection using ultrasound transducers and collimated light (microbes congregate in ultrasound nodes); and syneresis monitoring.
LA: Cristina Sabliov and Kayanush (Kai) Aryana presenting 

Cristina discussed her work in MW extraction, vitamin E from rice bran; protection of bioactive components; controlled release of Vitamin E under external magnetic field.  She is open to comments and collaboration in these areas.
Kai discussed three areas of research that he is involved in: PEF using equipment purchased from OSU; optimizing kill to microbes in dairy products; and manufacture of dairy products and the effect of PEF (microbial, sensing).  He is open to comments and collaboration in these areas.
MD: Martin Lo presenting 
Martin discussed the joint venture University of MD with FDA: Food Safety and Applied Nutrition; also the Center for Food System Security.
Martin has a teaching and extension appointment with a focus in food bioprocess engineering.  He has worked in collaboration with NC (Chris Daubert) on the gelation in sheets.  In addition, he is working with farmers/processors to use soft wheat for baking bread (assistance from F. Hsieh and A. Rao).

Martin reported on several projects: bioluminescence pathway and detection of red tide in Chesapeake Bay; Integrated Food Safety Management with a goal to integrate into poultry industry (Martin gives HACCP training); and probiotic products using xanthan gum.
MN: Roger Ruan presenting 

Roger’s areas of research are: NMR/MRI- temperature mapping in ohmically heated food, heat transfer coefficient in ohmic heating; use of FEMLAB for modeling and experimental verification; and phase diagrams/state diagram using T2 (with example of caking of dry powder).  Institutional capabilities include: NMR Spectrometers (4.7T, 0.5T), NPT reactors, ozonated water generators, and PEF system.
MO: Fu-hung Hsieh presenting

Fu-hung reported on the method development of fiber formation in a meat analog.  The texture mimics poultry and steak, though taste is a current limitation.  Using a cooling die, there is a balance between fiber formation and increased viscosity; the method uses fluorescence polarization to characterize fiber formation.  The application is in-line control.
NASA: Michele Perchonok presenting

The vision of NASA is to improve life here, extend life to there, to find life beyond.  Michele discussed the Moon mission: Crew Launch Vehicle to moon and CEV that is larger, more powerful and safer with a capacity of 6; similar to Apollo with capability of landing on Earth; six months at a time on the moon.
She discussed the Mars mission and food needs in microgravity (prepackaged food en route) and hypogravity with planetary food system. The focus areas are: ready-to-eat foods, packaging and overpackaging issues; and galley procedures with scale-down of processing equipment, multi-functional equipment that operate in a low pressure environment. 

12:10 pm: Lunch

1:15-3:15 pm: Station reports resumed 
NE: Jeyam Subbiah presenting

Jeyam reported on the work in extrusion and bubble growth – see full station report for details.  In addition, Jeyam discussed research using PEF and medium conductivity to evaluate the effect of microbial inactivation. Curves of microbial load reduction vs. conductivity were shown.  Possible collaboration with Rutgers was suggested by M. Karwe.
NJ: Mukund Karwe presenting

Mukund discussed projects using jet impingement involving combination MW and conventional heating (Fujiak Super Jet oven). Circulation patterns are strongly affected by the fan, published in JFPE; the oven works more like strong convection oven; crumb and crust cooking of cookie of 2D baking is modeled using MatLab. Other projects include temperature and moisture distributions in potato and the effect of sequencing of MW and convection heating. 

Sean Liu is studying adsorption kinetics of beta-lactoglobulin in film. See full report.

Paul Takhistov is using PEF inactivation of E coli in OJ, conductivity as f(Hz)

NYI: Ashim Datta presenting

Ashim discussed research in modeling, specifically food as porous media.  Collaborative work was performed with LA (student of C. Sabliov’s worked with Ashim) and he welcomes further collaboration from other stations.

Model development with the goal of a consistent formulation for such varied products as chicory roots, bread, potato, strawberries in packages; Ashim’s modeling formulation draws on Whitaker’s volume averaging approach; for small pores use Darcy’s law for momentum balance, for large pores include Darcy and Forscheimer’s resistance in momentum equation; capillary pressure related to water content in unsaturated systems (soils literature) results in diffusion-type equation for water only (not vapor); Ashim gave an example of bread baking. 

The objective of collaborative efforts is to provide templates for processes to share with other stations.  Currently NYI has collaboration with METU, Turkey, Drs. Sumnu and Sahin.
NYG: Andy Rao presenting

Yield stress components of structured products using of vane viscometry; ketchup example; static yield stress values are affected by clusters/flocs of particles that contribute to bonding yield stress; other contributions are part of yield stress of the disrupted yield stress are due to network and the viscosity.
Collaboration: Andy is open to evaluating products of interest to station members.
OH: V. “Bala” Balasubramaniam presenting 

A combination pressure-thermal inactivation (to 700 MPa, 105C) for spore inactivation B. amyloliquefaciens in egg patties was presented.  High pressure release inactivation was accounted for; the process mimics the TDT approach; modeling with Weibull model.
Collaboration with WA, IL-ITT, OH (funded by Army) to evaluate of properties under pressure. 

Q/A: much discussion during the presentation by MO, OR, NJ, PA regarding tailing, inactivation as f(P,T),  injury/recovery and manufacture potential for high temperature units.
OR: Antonio Torres presenting

Antonio discussed the DMI-funded pressure processing to improve milk freshness.  The project has a flavor chemistry orientation; raw, pasteurized, and UHT milks are standards.  Results show that high pressure has better profile than UHT, plus longer shelf life.
The pressure vessel has been moved to area acceptable for pathogen studies; C. perfringens currently is being studied in collaboration with Mahfuz Sarker (OSU), spore microbiologist. 

Also in collaboration with Ohio State University, Tom Shellhammer is studying the inactivation of L. plantarum, specifically high pressure induced pH change (funded by CAPPS).
PA: Swamy Anantheswaran and Tanuj Motwani presenting

A number of collaborative studies were presented:

(1) Collaboration with CA to publish yield stress measurement in chocolate in special issue JTS

(2)
Continuing collaboration with Greg Ziegler (PSU) on chocolate

(3)
Collaboration on mechanism of inactivation and injury

(4)
Collaboration with NJ, Mukund’s student went to PA/Swamy’s lab to measure dielectric properties

Ongoing projects include: Dielectric properties of starch slurries (range of concentrations from 5-50%) and model development – effect of heating, extent of gelatinization; solvent defatting.
SD: K. “Muthu” Muthukumarappan presenting

Muthu reported on collaborative work with MN (L.Metzger) on a DMI-funded project; effect of micronutrients in cheddar cheese on processed cheese and study of melt profile characteristics of 8 cheeses.
3:15 -  3:35 pm
Group picture and break
3:35 -  5:00pm
Station reports resumed 
TN: Qixin “Q” Zhong presenting
As a new member of NC1023, Qixin described research areas of the TN station, specifically the food biopolymer program.  Faculty focus is in: (1) carbohydrate, (2) proteins, (3) physiocochemical properties e.g., extract of proteins using 2D electrophoresis. 

Qixin’s three areas of research are: microstructure and functionality; microencapsulation of nutraceuticals and antimicrobials; and proteomics and bioseparations.  He welcomes collaborations with other stations.
TX: Rosana Moreira presenting

Area: Dose distribution during irradiation 

Dosimetry used in industry is an average of many film dosimeters, but need to account for 3D structure, heterogeneous material.  Work incorporated use of Monte Carol simulation of electron simulation. Electron beam (1.35 MeV) provides surface penetration (5-7 cm) for chicken carcass; 10MeV provides more penetration, but not uniform dosage; Greater penetration with X-ray- irradiation and superior microbial kill to electron beam.
VA: Kumar Mallikarjunan presenting
A number of collaborative studies were presented:

(1) 
Collaboration with the oil quality ad hoc committee: VA, TX, ND, SD, IA, IN, NC

(2) 
Collaboration with HPP ad hoc committee

(3) 
Collaboration with mathematical modeling ad hoc committee

(4)
Collaboration with physical properties course  at VA, TX and NE 
Projects were reported under objectives:
Obj A: 
(1) Electron nose for oyster quality- two sensors (one developed by NASA), and 

(2) Use of ultrasound properties to detect “old maids” for popping corn; damage or too low/ high moisture prevents optimal popping; use of speed of sound and/or attenuation as f(moisture and cracks/air); Also correlation between textural properties with ultrasound properties for a number of products.
Obj. B: 
(1)
Textural changes due to hydrodynamic pressure in beef; impact of pressure wave of “explosion”.
WA: Daniela Bermudez-Aguirre presenting

Daniela discussed the use of ultrasound for alternative pasteurization process; sonication yields cavitation as treatment.  Project focuses on the use of microscopy to study effect of ultrasound on microstructure of microorganisms. Research results are consistent with H. Feng (2005) work; destruction of cell walls, breakage of cells; WA will use SEM, VPSEM (variable pressure scanning electron microscopy) in future.
WI: Rich Hartel presenting

Rich discussed structured fluids and potential food application.  The process and visualization: fat crystals into aqueous solution with use of surfactants; surface chemistry to partially draw fat crystals out of bulk (crystal de-wets from own oil); experiments with tristearin: heating and cooling on microscope slide; video over 4 s (rapid crystallization); use of decanol (not food grade) but allows droplets to elongate; modify cooling rates to “spued” – crystal comes out and is projected like a comet; 75 micron drop develops to crystal over 1 mm in length. 
Videos of crystallizing of trihydroxystearin (hair products).  
Potential applications: low fat salad dressings (rheology control); use of food grade surfactants this past summer; draws heavily on detergent industry; exciting area.

5:00   -    6:00 pm: Tour of Food Eng Lab, Dept. FSHN. 

6:30   -    9:30 pm: Dinner at Biaggi’s restaurant. 30th Anniversary Recognitions Program 

Speakers: Dr. Daryl Lund, Administrative Advisor; Dr. Robert Easter, Dean of the College of ACES, UIUC; Dr. Dennis Heldman, Steering Committee Member and President-Elect IFT; Dr. Mukund Karwe, 2005 Chair.
Monday, October 3:
8:00 -9:15 am: Business Meeting

1.
NC-136 Termination Report - K. “Muthu” Muthukumarappan presenting

Termination report follows SAES-422, Appendix D-1 format

Action item: Chair, Vice-chair and Secretary will ensure completion

Action item: request participants input on Accomplishments with focus on this year, focus on collaborations (per Daryl Lund); G. Padua suggest starting with rewrite for accomplishments, but with a backward spin. 


Daryl Lund: impact statements/examples

Columbus, OH test market; soup product with particulates (Campbell’s Select: brick pack with conventional heat exchange; John Larkin letter recognizing NC136 contributions)


Action item: to illustrate recognization of NC-136 research, collect citations for each stations publications.  


Publications: Daryl Lund reinforces the importance of focusing on publications with 2+ authors (2+ stations) and multi-station activities.

2.
Daryl Lund: nominated NC-136 for Secretary Award USDA; impact statements important.
3.
Future meetings


a. 2006: Virginia Tech, Blackburg, VA

Date: October 8-10, 2006; Sunday arrival with Monday-Tuesday meeting (due to a Saturday game)

Location: The Inn at Virginia Tech (Skelton Conf. Ctr)


Travel: Roanoke Regional Airport (ROA), 35 miles; United/ US Air/ Delta/ Northwest; Greensboro (GSO) 150 miles; Charleston (CRW) 140 miles


Ground: Smart Way Bus from Roanoke to Blackburg (http://www.smartwaybus.com)


b.
2007: Penn State – confirmed


c.
2008: possible host? 


Action item: follow up on offers from WA and TX
4.
Discussion about extending participation in NC1023 to industry and/or international researchers 
Chair Mukund Karwe summarized group consensus as agreement that we will not invite industry or other non-NC1023 researchers; maintain participants at member stations, and government.
5.
Procedure to add participating stations to Multistate (Regional) projects

a.
call to all station directors for interest in Regional projects; representation is open to interest

b. 
Administrative Advisor informs Chair of Project of interest from a station

c.
Project’s Executive committee reviews/ Chair invites researcher/station

d.
Researcher presents interest, expertise to bring to project
e.
Project members assess fit
f.
Write addendum to add station 
6.
Station reports in the future

a.
Long and short reports: E-mail only, before meeting
b.
Secretary posts reports on website after meeting
7.
Incoming secretary (2006): Mark Morgan, IN
8.
Discussion of presentation format for station reports for 2006
Action item: each station has 15 minutes to present; station can decide how to use the time

9:15- 10:45 am: Ad hoc committee reports

Action item: If a committee does not meet or does not meet objectives for two years in a row: disband

1. Gel committee – Lester Wilson presenting. Report submitted as Appendix B, appended at the end of these minutes.

2. Modeling committee - Ashim Datta, chair and presenting.

Objective: Resources for computer-aided food process engineering.


Progress: Collaborative effort among several stations (TX, CA, NY, OH); 6 unit operation models posted on Purdue website.  The next step is to add additional models, review, and publish.  Ashim proposed the following schedule: Volunteers for chapters/unit operations; Draft- 3/1/06; Review- 7/1/06; Author changes due-9/1/06; Final version to NC1023 meeting in October 2005; Publish


Assistance with editorship offered by: Mukund Karwe, Ashim Datta, Rosana Moreira

3. High pressure committee– Antonio Torres, chair and presenting. 
Participating stations: OH, IA, PA OR, WA, NJ, VA, GA

Objective: Compilation of resources

Progress: ongoing; VA – database of HP publications is being compiled; 

Action item: E-mail will be sent by A. Torres for HP/reaction kinetics interest to propose the following activities for 2005-06:

(1) Characterization of HPP equipment and summary of capabilities 

(2) Depository of HPP literature 

(3) Request for co-authors for joint publication 

(4) Preliminary plan for a collaborative proposal to NRI on reaction kinetics under high temperature/high pressure, impact on food safety and quality

4. Powder committee – Sheryl Barringer, chair and presenting.

Objective: Sample evaluation

Decision: Disband committee, sample evaluation not successful, reassess objective for future.

5.
Oil quality committee- Kumar Mallikarjunan, chair. Muthu presenting. 
Participating stations: VA, TX, SD, ND, IA, IN

Objective: evaluate oil quality by different methods

Progress: Kumar collected 4 qualities of oil; TX, SD, ND, VA, IA, IN evaluated by different methods; Muthu will send report when samples evaluated.
6.
Extrusion committee, M. Hanna chair – did not meet

7.
Impingement committee, R.P. Singh chair – did not meet

8. 
New ad hoc committee formed: Nanotechnology committee. 

Participating stations: MD, LA, DE,  TN, TX,  NE, IL, MO, IA, 

Others who may express interest: IN,NJ, NC


Action item: establish a mechanism for collaboration in nanotechnology for food applications; Chair Cristina Sabliov, Cristina will use e-mail listserve to contact stations to follow up.
New items/Old items:
Format of future meetings: Fu-hung Hsieh (MO) suggested possible 45 min presentation on focused topic, either from within the group or by invitation; general agreement by group, to be planned by hosting station and Chair. Maintain same length of meeting.
10:45 am: Chair Karwe thanked participants and adjourned the meeting.
Minutes submitted: 11/01/05
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__________________________



Kathryn McCarthy, NC-136 Secretary, 2005

Officers for 2006:


Chair: Kasiviswanathan Muthukumarappan


Vice Chair: Kathryn McCarthy


Secretary: Mark Morgan

APPENDIX A

Abbreviated Station Reports of NC-136 Committee

2005

CALIFORNIA

	Dr. R. Paul Singh

Dept. of Biological and Agricultural Engineering

University of California

One Shields Avenue

Davis, CA   95616
	Email:  rpsingh@ucdavis.edu

Phone:  530 752 0811




Objective A: 

Research continues to develop in-line measurement of rheological properties using ultrasonic Doppler velocimetry (UDV).  This technique combines measurements of a fluid velocity profile, obtained by UDV, and a simultaneous pressure drop to evaluate shear viscosity of fluids flowing in viscometric pipe flow.  Current work focuses on the evaluation of tomato concentrates during evaporation.

Objective C:  

Particle Image Velocimetry (PIV) is a powerful, non-intrusive technique for measuring fluid velocities. PIV can be used to study the airflow pattern during the cooling of packed beds of agricultural produce, in order to improve cooling rate and uniformity.  PIV is being used to obtain a detailed characterization of the flow field between and around transparent spheres. The influence of the flow rate in the velocity pattern was also investigated. The PIV measurements were used to elucidate the velocity profile inside and around this packed system as well as the presence of possible separation points from the spheres at higher Reynolds numbers.

Objective D: 

Mathematical models were developed to predict spatial variation in heat transfer coefficients in cylindrical shaped objects when subjected to impingement air. Use of inverse heat transfer technique was employed to predict heat transfer coefficients during impingement-air thawing of frozen foods. 

DELAWARE

	Dr. Catherine Davies

Department of Animal and Food Sciences

University of Delaware

Newark DE 19716
	Email: cdavies@udel.edu

Tel: 302-831-3029




The kinetics of the browning of glucose with amino acids in model systems was investigated to understand the role of the different amino acids in the Maillard reaction.  In addition to using the successful mathematical model of browning (A420 = at2 + bt), a model based on the supposed reaction mechanism was unsuccessfully tested.  Parameter a values mostly agreed with the reactivity of the amino acid and was in the order of:

lysine>histidine>taurine>tryptophan>phenylanine>methionine>valine>isoleucine> arginine>asparagine>leucine>glycine>threonine>serine>alanine>aspartic acid>glutamic acid >cysteine> glutamine>proline

This is not the same order of reactivity as reported previously raising interesting questions as to whether, and if so, why do, amino acids have different reactivity under different environmental conditions (temperature, pH, buffer type).

A laboratory exercise developed to teach students the importance of both sensory and objective analysis was published in the Journal of Food Science Education:

Davies, C. G. A. "Chips with everything": A laboratory exercise for comparing subjective and objective measurements of potato chips. Journal of Food Science Education 2005, 4, 35-40.



FLORIDA

	Dr. Arthur A. Teixeira

Agricultural and Biological Engineering Dept.

University of Florida

207 Rogers Hall

Gainesville, FL 32611-0570
	Email:  aateixeira@ifas.ufl.edu
Phone:  352-392-1864, x-207




Objective A: 

1. Work was completed on determination of bioconversion kinetics related to bioprocess operations applied to anaerobic digestion of organic solid waste feedstock into methane (biogas) and compost. Results were presented at the July, 200 IFT Meeting in New Orleans, and the July, 2005 ICES Conference in Rome, Italy.
2. Paper was published reporting on physical properties of Mucuna Beans (Applied Engineering in Agriculture of the ASAE. 2005. 21(3): 1-8).
Objective D:  

1. Work continues at the FL station in furthering the development of intelligent on-line computer-based control systems for retort operations in canned food sterilization. Key to this system is the integrated online use of heat transfer models developed earlier for thermal process simulation.
2. Work is near completion in modeling the complex heat generation and conduction phenomena occurring during ohmic thawing of foods.  
GEORGIA

	Dr. Romeo Toledo

Department of Food Science and Technology

University of Georgia

Athens, GA 30602
	Email: cmsromeo@uga.edu
Tel: 706-542-1079




Objective 2: Modeling Process-Dependent  Kinetic Parameters

Kinetics of Thermally Induced Color Changes in Eggs: Applications in Modeling High Temperature Thermal Process of Meals Ready to Eat Eggs

We hypothesized that carrying out the sterilization process at 130 C will lower the extent of heat-induced changes in the product compared to traditional processing at 122 C.  The packaging material for thermally processed military rations is approved for use at a maximum of 135 C (275 ) and  this limits the sterilizing temperature. 

Browning was the most easily observed quality change in the retorted egg product. When browning is extensive, the product also has a rubbery texture and a processed flavor  similar to that of a retorted luncheon meat like “Spam” becomes more pronounced. The kinetics of quality changes in eggs can be easily followed by measuring color change.

Browning was measured on a heated egg formulation thermally processed in cans at 100,  115 and 130 C. Gelled egg  color was measured with a Minolta Reflectance Colorimeter as  L*, b* and  a* values.  L* values decreased as more browning occurred but there was little change in b* values.  The biggest change was with a* values. At100 C it took over 8 hours of heating before the color change became apparent visually. Browning became visible by eye when the value of a* had a positive sign. a* values increased with increasing severity of the thermal process. a* values started from a high negative value and rose to 0 and eventually took a positive value. The time when a* values change from negative to positive can be used as an index of the reaction rate.  A plot of log time when a* values crossed 0 vs  the heating temperature was used to calculate the z value of the reaction   The z value for the browning reaction was 22.4 C and the reaction rate constant at 100 C was 0.0046 min-1. The D value for the reaction was 500 min. at 100 C.

The very slow reaction rate at 100 C suggested that when sterilizing eggs at 130 C an improvement in quality may be obtained if the process is conducted in two stages; a first stage at 100 C to set the gel and to bring the internal temperature to 90 C followed by raising the retort temperature to 130 C to the target Fo value.  

GUAM
	Dr. Jian Yang

Agricultural Experiment Station and Coop. Ext.

University of Guam

Mangilao, Guam  96923
	Email: jyang@guam.uog.edu
Tel: 671-735-2004




During the past year, the bioavailability of noni (Morinda citrifolia L) juice and powders during heat treatment and dehydration were investigated by assaying the water soluble antioxidant capacity and total phenols. Mild heat treatment such as pasteurization and hot air dehydration less than 50(C did not result in a substantial loss of the bioavailability of bioactive components in noni products.

IDAHO

	Dr. Pawan Singh Takhar

Food Science and Toxicology

University of Idaho

Moscow, ID  83844
	Email:  psingh@uidaho.edu
Phone:  208 885 9683


This year’s work has focused on analyzing NMR based data collected during the previous year; modifying the simulation program for solving multiscale transport equation during intermittent drying; determining viscoleastic properties of pasta; conducting simulations with the program to test various intermittent drying conditions; collecting preliminary data to validate the simulation results; and identifying dual-porosity transport mechanisms in corn kernel.  Collaboration was formed with the California station (McCarthy group) to model moisture transport in pasta during cooking.  A grant proposal was developed in collaboration with the Nebraska station to model expansion of biopolymers and multiphase transport occurring in material exiting the extruder.
ILLINOIS

	Dr. Graciela Padua

Department of Food Science and Human Nutrition

University of Illinois
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Urbana, IL  61801
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During the past year, (1) the effect of mechanical energy input on viscoelastic parameters of zein-oleic acid resins was investigated in collaboration with NJ Ag Experiment Station. An Advanced Rheometric Expansion System (ARES) was used in the study. It was concluded that mechanical energy input promoted network formation in zein doughs.  (2) A method using confocal laser scanning microscopy (CLSM) to determine surface roughness of fruits was developed. (3) The effect of manothermo-sonication (MTS) (400 kPa and 70oC for 30 sec) on the quality of orange juice during storage at 4oC was evaluated by comparing the quality of MTS treated juice with that of a thermal pasteurized counterpart. A newly developed laboratory scale continuous MTS treatment system was used. The MTS treated juice showed no pulp separation during a 49-day storage but recorded a little higher cloud stability and residual PME activity compared to the thermally treated samples.

INDIANA

	Dr. Mark Morgan

Agricultural and Biological Engineering

Purdue University
225 South University Street
West Lafayette, IN 47907
	Email:  mmorgan@purdue.edu

Phone:  (765) 494-1162



See long report

IOWA

	Dr. Lester A. Wilson
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Ames, IA 50011-1061
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The surface radiation of whole dry soybeans using electron beam or gamma rays at doses expected on Mars Missions (1-5 Gy) and pasteurization doses from 1-10kGy were evaluated for their influence on germination, vitamin E retention, oxidation, and quality of soymilk and tofu made from the irradiated soybeans. 1-10 kGy e-beam and gamma radiated soybeans significantly reduced microbial load, however these doses caused oxidative changes that resulted in soymilk and tofu with rancid aromas, higher TBAR’s, darker brown tofu, lower tofu yields, more solid waste, paste-like okara, and loss of the ability of the seeds to germinate (a problem if there are to be grown on Mars). While lower doses of 1-20 Gy reduce these problems, oxidative aromas were produced at levels at or above 1 Gy, tofu yield started to decreased at 3 Gy, and Vinton 81 tofu increased in redness. Hardness was not influenced by low doses, which is in contrast to discoloration, aroma, and textural changes observed with dose at or above 1 kGy . There was no effect of low doses (1-20 Gy) on vitamin E levels, but vitamin E concentrations were reduced at 1 kGy or higher. Stored bulk soybeans, and all foods, should be shielded from radiation on long-term missions. Likewise, the use of irradiation (1-30 kGy) as a CCP for microbial bioterrorism can provide protection to the consumer, but at the cost of nutritional value and quality of products made from these treated soybeans. An optimum No Effect Dose has not been identified at this time.  A shelf life study on toasted soy flakes (TSX) with different thickness and toasting levels was continued. All treatments were stored at 4 C, 25 C, 35 C, and 45 C for 84 days, as rancidity increased, with increasing temperature for all three types of TSX, the antioxidant potential (PhotoChem) decreased. The PhotoChem was able to follow these changes. PH and soymilk solids should be carefully selected when using HPP for research or commercialization. Iowa collaborated with Indiana, Texas, North Carolina, Virginia Tech, and NASA this year.
MARYLAND
	Dr. Y. Martin Lo
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See long report.
MICHIGAN

	James F. Steffe

Dept. of Agricultural Engineering

Michigan State University

209 Farrall Hall 
East Lansing, MI  48834
	E-mail: steffe@msu.edu

Phone: 517 353 4544




Optimizing multi-stage convection cooking systems for ready-to-eat meat and poultry products.  

A combined heat transfer, mass transfer (water and fat), microbial inactivation, and color development model has been developed for cooking of ground and formed patties in moist-air impingement ovens with condensing-convective boundary conditions.  Artificial neural network models have been trained from the original finite element solution of the model, to speed computation during optimization programming.  The optimization objective is to maximize product yield, with constraints of microbial safety and color development.  The control variables are air temperature, air humidity, impingement jet velocity, and cooking time.  Several global optimization techniques have been applied, using this model, to seek the best “infinitely-varying” (future generation) control profiles.  Many of the optimization protocols were not sufficiently robust to identify feasible solution, given the complexity of a process with four control variables; however, several hold promise as practical tools for improving process operations and the design of future oven systems.  Currently, sensitivity analyses are being conducted, and the optimization protocols are being evaluated as tools to identify the best operating conditions for specific test cases (e.g., single- or two-stage oven systems).
MINNESOTA
	Roger Ruan
Dept. of Biosystems and Agricultural Engineering

University of Minnesota
St. Paul, MN  55108
	E-mail: ruan001@umn.edu
Phone: 612-625-1710



See long report.
MISSOURI

	Dr. F. Hsieh

Dept. of Food Science

University of Missouri

Columbia, MO  65211
	Email:  hsiehf@missouri.edu
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Missouri Station developed a noninvasive method to quantify the fiber formation of extruded meat analogs based on fluorescence polarization spectroscopy. The new method showed good agreements with results obtained from visual inspection and digital imaging of the dissected samples.

NEBRASKA
	Dr. Milford Hanna

Industrial Agricultural Products Center

University of Nebraska

Lincoln, Nebraska  68583
	Email:  mhanna1@unl.edu
Phone: 402-472-1632



A dimensional analysis/rule-based fuzzy inference system (FIS) was developed to predict energy consumption and mean residence time in a twin-screw extruder.  The predicted mean residence time and energy had r2 values 0.7851 and 0.9627, respectively.

A mathematical model was developed to describe expansion phenomena in starch-based foams during extrusion.  Standard error of prediction of radius, density, and residual moisture of final extrudates were 16.7%, 11.2% and 39.3%, respectively.

A study was conducted to analyze the effect of medium conductivity on the inactivation of E. coli.  There were no significant differences in inactivation of E. coli at all levels of medium conductivity.  Inactivation in aerobic plate counts was lower than inactivation in E.coli plate counts indicating that PEF is causing cell injury in addition to microbial inactivation.

NEW JERSEY

	Dr. Mukund Karwe

Department of Food Science, Cook College

Rutgers, the State University of New Jersey

65 Dudley Road

New Brunswick, NJ 08901-8520
	Email:  karwe@aesop.rutgers.edu
Phone:  732 932 9611 x255




During the past year, the adsorption properties of β-lactoglobulin (a key component of dairy proteins) onto the polyethersulfone (PES) thin film were investigated using quartz crystal microbalance with dissipation monitoring (QCM-D) and tapping-mode atomic force microscopy (TM-AFM). The effect of processing such as puffing and extrusion on squalene concentration in amaranth was investigated.
 Three-dimensional numerical simulation of flow field and heat transfer in a jet impingement oven with multiple jets was carried out.  Mathematical modeling and numerical simulation of baking for a model cookie (potato) in jet impingement, microwave and hybrid jet impingement and microwave (JIM) ovens to predict moisture and temperature profiles, moisture loss, and crust formation, was carried out.

NEW YORK-ITHACA
	Dr. Ashim Datta

Cornell University

Dept. of Agricultural and Environmental Engineering

Riley-Rob Hall

Ithaca, New York 14853
	Email:  akd1@cornell.edu
Phone:  607 255 2482




Problem formulations (setting up governing equations, boundary conditions, properties, etc.) for different classes of food processes have been categorized in a systematic and comprehensive way using porous media based conservation equations.  These formulations are expected to speed up modeling of food processes in an accurate and fundamental-based manner.  A related issue is implementation (solving) of these models in commercial software.  For example, one class of problems involve intense evaporation (baking, drying, frying, etc.) that cannot be readily solved using a commercial software.  We have developed the modifications necessary to the mathematical formulations implement a porous media based model of frying using one commercial code.  Required properties data for such models, such as porosity, Darcy permeability, etc., have been collected on a baking process where bread is baked using a combination of heating modes. 

NORTH CAROLINA

	Dr. Brian Farkas

Department of Food Science

North Carolina State University

129 Schaub Hall 7624 

Raleigh, North Carolina  27695-7624
	Email:  befarkas@ncsu.edu
Phone:  919 513 2096



Physical properties were a strong aspect of this years research. Dielectric properties of pumpable food materials were measured up to 120 °C and the data used in numerical simulation and process development for continuous flow microwave processing. Mechanical properties of protein gels were studied over a range of protein and calcium cross-linker concentrations. By varying composition, a comprehensive understanding of the material's linear elastic and viscoelastic properties were mapped. Over the coming year a method for study of spectral dissipation coefficient will be developed for simulation studies in infrared heating.
NORTH DAKOTAH
	Dr. Dennis Wiesenborn

Department of Agri.  and Biosystems Eng.

North Dakota State University

Fargo, North Dakota 58105-5626
	Email:  D.Wiesenborn@ndsu.edu
Phone: 701 231 7277




Research works carried out at North Dakota State University, Fargo encompassed different objectives of the proposed regional project. Characterization of oilseeds (flax seed) was conducted using GC-MS and SPME.  The headspace volatiles form flaxseed oil was used. The sensory evaluation was also conducted. SPME-GC method showed promises as a tool for screening flaxseed lots for cold pressed oil production. Parallel study focused on identifying indicator compounds associated with the spoilage of packaged beef strip loin. GC-MS with SPME technique was used. 2-hydroxy-2-butanone and acetic acid were found as two indicator compounds. This information could be used for developing intelligent sensor for food quality evaluation. The study on thermal effects on soybean showed that both processing temperature and time had significant effect on the production of off-flavor of soymilk. In the study on the optimization of mechanical extraction of oil from flaxseed oil, oil recovery, product rates and temperatures were monitored. It was found that when kernels were separated by width, the larger sized kernels dehulled more efficiently than did the smaller kernels. Another study was conducted to use mathematical modeling to examine the influence of electron beam radiation on the safety and quality of Fusarium-infected malting barley.  The models developed were validated for levels of radiation ranging from 0-10 kGy and DON concentrations ranging from 0.10-1.27 ppm.  Maltsters utilizing mildly Fusarium-infected malting barley may use these models to predict the response of safety and quality attributes to electron beam radiation.

OHIO

	Dr. Sudhir K. Sastry

Dept. of Food Agri.  & Bio. Engineering

Ohio State University

590 Woody Hayes Drive

Columbus, Ohio 43210
	Email:  sastry.2@osu.edu
Phone:  614 292 3508




Objective A

We have determined the variability in the measured electrical conductivity of components of a military ration menu of chicken chow mein. Studies were also conducted to investigate optimal blanching conditions that will provide products with close to equal electrical conductivity of all phases.  Electrical conductivity of International Space Station menus and human waste were also investigated as part of a NASA project, and the measurement of electrical conductivity, thermal conductivity and pH of food systems under high pressure. The conditions and components that cause gelling of molasses were determined.  Positive and negative corona were compared to determine which produced better transfer efficiency, adhesion and dust during electrostatic coating.  Antimicrobials and coloring agents were coated onto food by electrostatic and nonelectrostatic means to determine under what conditions the more even coating produced improved functionality. The effects of high-pressure and irradiation  pre-treatments on hydration behavior of navy beans were studied. Moderate pressure (33 MPa) resulted in high initial moisture uptake and reduced loss of soluble materials. 
Objective B

Studies have been initiated on electrochemical reactions in an ohmic heating pouch for reheating and sterilization of foods for a space mission, to determine the best electrode materials for this purposeKinetics of bacterial growth under moderate electric fields is being studied. Thermal and pressure-assisted thermal processing (PATP) microbial inactivation kinetic parameters of various aerobic and anaerobic were estimated using linear and nonlinear models. Bacillus amyloliquefaciens spores were identified as one of the most PATP resistant spores.  
Objective C

We have developed a methodology for determination of residence time distribution of solid-liquid mixtures in continuous flow using Radio Frequency Identification (RFID) tags.  This approach will greatly reduce experimentation time, since RFID tags permit each particle to be uniquely identified, unlike previous methods.

Objective D

Models have been developed for optimization of electrode configurations in an ohmic heating pouch system.  

OREGON

	Dr. J. Antonio Torres

Dept. of Food Science and Technology

Oregon State University

100 Wiegand Hall

Corvallis, Oregon 97331-6602
	Email:  J_Antonio.Torres@oregonstate.edu
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Using commercial optical components, the Food Process Engineering Group (FPEG) and the Centro de Investigación en Ciencia Aplicada y Tecnología Avanzada (CICATA) in México designed, built and tested two almost identical systems measuring scattered light and the overall optical rotation (OR) of chiral compounds. The high sensitivity of optical measurements and the versatility of the system configuration demonstrated the potential of this method as an in-line/real-time tool for quality control and research. High hydrostatic pressures can lead to greater ionization in certain buffer systems resulting in a temporary decrease in pH while under pressure. This pH shift may lead to an increase in the effectiveness of antimicrobial compounds by shifting the equilibrium between the dissociated and undissociated forms of the antimicrobials towards the more effective undissociated form. The objective of this year was to determine how antimicrobials and pressure sensitive buffers interact to reduce microbial populations under pressure. The consolidation trend in the dairy industry will continue for the foreseeable future as processors seek to improve their competitive position in the market. As distribution chains become longer, dairy processors will need ways to extend shelf life to meet consumer expectations for freshness and safety. We are identifying HPP conditions combined with mild heating, to reduce the generation of off-flavors, and retain the fresh flavor of milk while extending shelf life. Sensory assisted instrumental analysis is being used to study the flavor chemistry of aroma-active components responsible for the freshness and cooked notes as well as deducing off-flavor formation mechanism.

PENNSYLVANIA

	Dr. R.C. Anantheswaran

Department of Food Science

Pennsylvania State University

116B Borland Laboratory

University Park, PA  16802
	Email:  rca3@psu.edu
Phone:  814 865 3004

Fax:      814 863 6132


The role of starch lipids on the dielectric properties of starch slurries and the dielectric properties of native starches with different lipid content were studied.   The dielectric constant of solvent-treated starch was significantly lower until the onset of gelatinization. The dielectric constant and the loss factor of slurries prepared from starches with different native lipid contents did not show any trend with lipid content, though the waxy-corn starch exhibited abrupt changes in the gelatinization temperature range.    

The effect of a wider range of growth temperatures (15, 25, 35 and 43°C) on the inactivation of L. monocytogenes in UHT whole milk by HPP at 400 Mpa was studied.  Furthermore, we investigated the effect of plating media (selective vs. non-selective) and growth phase (mid exponential, late-exponential/early stationary and late stationary).  The results demonstrated that when L. monocytogenes was grown at higher temperatures the rate of inactivation was lower.  The rate of inactivation decreased as growth phase changed from exponential to stationary.  Further work will investigate the mechanism(s) by which growth phase and growth temperature affect the sensitivity of L. monocytogenes to high pressure processing.

SOUTH DAKOTA

	Dr. K. Muthukumarappan

Dept. of Agri.and Biosystems Engr.

South Dakota State University

1400 North Campus Drive 

Brookings, SD 57007
	Email:  muthukum@sdstate.edu
Phone:  605 688 5661




SDSU Experiment Station participated in the Objective A of NC 136 multistate project. This study is a collaborative effort between South Dakota State University and University of Minnesota. The objective of this study was to determine the interaction effect of changing the levels of buffer, lactose and salt to moisture ratio on the melt profile characteristics of Cheddar cheese during storage. Three replications of Cheddar cheese were manufactured with high and low levels of buffer, lactose and salt to moisture ratio and stored at about 5 °C. The melt profile characteristics of the eight treatments of Cheddar cheese were determined at 0, 1, 2, 4, 6 and 8 months according to published methods. The interaction effect of the levels of buffer, lactose and salt to moisture ratio on the softening rate, cheese melt rate and flow rate were studied with three factorial designs with repeated measurements at different storage months. The data analysis showed significant interaction between salt to moisture ratio and the storage period on softening rate, melt rate and flow rate of Cheddar cheese. Significant decrease in softening rate was observed between 0 month and 2 months old samples for all the treatments at P<0.05. The Cheese melt rate was significantly decreased between 0 and 1 month for all the samples at P<0.05. No significant decrease in cheese melt rate was observed after 1 month for the low buffer cheeses. Significant increase in flow rate was observed for all the treatments between 0 and 1 month. No significant increase in flow rate was observed between 2 and 4 months for high buffer cheeses. The results are useful for cheese manufacturers for making Cheddar cheese with good softening, melting and flow properties during storage by adjusting the salt to moisture ratio during manufacturing.

TEXAS

	Dr. Rosana G. Moreira

Dept. of Biological & Agricultural Engr.

Texas A&M University

College Station, TX 77843
	Email:  rmoreira@tamu.edu
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The physical and functional properties of irradiated polyethylene films containing antimicrobial solutions were measured to determine the effect of dose on the ability of the film to release the solution due to cross-linking. We also investigated the formation of asparagine and glucose formation during vacuum frying and their role in acrylamide formation in potato chips. We evaluated the potential of vacuum frying as a means to reduce the formation of acrylamide in potato chips. We also determined the effect of pressure-temperature parameters on the rate of formation of acrylamide. We obtained detailed, high-resolution dose distributions of a complex-shaped, heterogeneous food product (chicken carcass) exposed to e-beam irradiation using Monte Carlo simulation and Computer Tomography (CT) techniques for high energy electrons and X-rays treatments. We evaluated the feasibility of developing a chemical dosimeter for accurate planning of food irradiation treatments. 

VIRGINIA

	Dr. Kumar Mallikarjunan

Dept. Biol. Systems Engr.

Virginia Tech.

312 Seitz Hall

Blacksburg, VA 24061
	Email:  kumar@vt.edu
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See long report
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Phone:  509 335 6188




In the last year, some studies were conducted in minimally processed foods using edible coatings in apples; the antioxidant activity and some phenolic compounds were studied in asparagus juice. Furthermore some improvements have been done in biosensors developed at WSU using specific conditions in platinization process.

The area of nonthermal technologies was widely studied. High hydrostatic pressure was applied in eggs patties, vegetables products such as mango nectar and dairy products. Physicochemical characteristics, shelf-life, sensorial evaluation, microbiological and enzymatic kinetics and microstructure studies were conducted in these products after the treatments. Another area of nonthermal technologies is ultrasound which is being applied in milk. Studies in microbial inactivation, physicochemical characteristics, nutritional properties, shelf-life and microscopy analysis have been performed. Ultraviolet was studied as an alternative in microbial and enzymatic inactivation. In thermal technologies, microwave drying in grapes is being studied under vacuum conditions, evaluating the energy requirements.

WISCONSIN

	Dr. Richard Hartel

Department of Food Science, University of Wisconsin

1605 Linden Drive, Madison, Wisconsin  53706 
	Email:  rwhartel@wisc.edu 

Phone:  608 263 1965




Progress continues on studies of phase transitions of lipids, sugars and ice.  This year, we completed a preliminary study on various formulation and process effects on ice formation in a scraped surface freezer.  Work also continues on studying moisture penetration into sugar glasses and crystallization of fats during formation of water-in-oil emulsions.  A new collaborative project with Chris Daubert at NC State began this year to study protein-lipid interactions during processing and how those interactions impact processed cheese rheology.

APPENDIX B

Report to the Gels Committee of the NC-136 Project, 2005

Improvement of Thermal and Alternative Processes for Foods

Date of Report: September 29, 2005

At the 2004 October meeting of NC -136, the gels ad hoc committee members agreed to evaluate the problem of high variability of results related to the rheological measurement of gel properties. The North Carolina station (Daubert) was to send a sample of a starch-based gel to the participating stations (IA, MI, NYG, SD, TX and WA).  Each station was to measure gel properties using different instruments, and results were to be compiled for evaluation.  A second activity consisted of the same station sending a procedure for sample preparation to the participating stations.  Each station was to prepare the samples and then send them to the NC station for rheological testing.  The results were to give an indication of the problem of variability due to sample preparation procedures as well as instrument use and operation.

Initial testing – NC Station 

October - February  

Initial work on this project included the identification of a starch which would be easy-to-prepare and display stability for a two week period of time while being insensitive to temperature changes (during shipping and during testing).  Various samples were obtained and initially screened, and Ultra-sperse®M (National Starch, Bridgewater, NJ), a cold water swelling (CWS) modified food starch was selected.  This modified starch is derived from waxy maize and is used for instant food preparations subjected to severe processing.  It exhibits good dispersibility and smoothness and is not extremely temperature sensitive.  

March – April 

Work ensued to refine the testing protocol, and a ten percent (10%) concentration (w/w) was chosen for the project.  Gel preparations were tested using the StressTech stress-controlled rheometer (ATS Rheosystems, Bordentown, NJ)  equipped with a cone (4°, 40 mm) and plate geometry.  Viscosity measurements were run at shear rates from 0.1 – 100 /sec on samples at 24 hrs, 48 hrs, and 7 days at 25°C to ascertain the stability of the gel sample.  Some samples were left at room temperature for several days to simulate non-refrigerated shipping, and there was no detectable change in the samples during these tests.  

Small-amplitude oscillatory shear testing was also performed.  A shear stress sweep was performed to identify the linear viscoelastic region of the sample, and then the gel properties were tested at a several stress levels within the region.  A stress of 3 Pa (equal to a strain of 0.31%) through a frequency sweep from 0.01-10 Hz was chosen for the project.  

Kit preparation – NC Station

May-June 

Kits were mailed to all participating stations.  To minimize testing and reporting for each of the labs, both activities for the project were incorporated into one test kit.  These kits included a solution (Sample A) that would be the standard for the study.  The solution, commercial corn syrup (Karo® Light Corn Syrup, ACH Food Companies, Memphis, TN), was prepared by mixing 4, 16-oz. bottles and pouring aliquots of approximately 50 mL into labeled sample containers.  Two sample bottles were prepared for each kit to contain 10.00 grams of starch powder.  These bottles were labeled Sample B1 and Sample B2.  One thousand grams of 10% starch solution was mixed and allowed to equilibrate for 24 hours at 5°C.  Aliquots of the solution were placed into labeled containers (Sample C).

Detailed instructions and data sheets were formulated and included in each kit.  Each kit also contained two CDs, one including the instructions for testing, the second with an Excel spreadsheet format for all tests.  Also included were a packing check sheet (to verify date of arrival and that samples were intact after shipping), written instructions for preparation of all samples, testing protocol sheet for all samples, and data sheets for all samples.  Also included in the kit were prepared, prepaid return shipping labels.

On June 17, an e-mail request was sent to participating stations concerning the testing and project need, and kits were mailed within a week.  A second set of samples were made and sent to two labs in early September.  

Results and observations

Several observations can be made from data collected to date.  The labs participating in this project utilized different equipment with slightly different attachments.  There was a large variation between stations in time since calibration (one month to over one year).  Very slight differences were detected in the viscosity of Sample A between labs (1.86 vs. 2.05 Pa s at a shear rate of approximately 50/sec) (Figure 1).  Samples A, B and C  displayed similar trends from all labs.  The starch gel small amplitude test results from the labs exhibited similar trends, with no discernable differences between labs in any of the data (Figure 2).

Due to the low rate of participating stations, very few strong conclusions may be drawn from the data, however one objective of the project – to prepare and test gel samples in labs with similar results, was accomplished.  The kits that were prepared contained directions that were easily followed and detailed to ensure consistent results obtained from different stations.  In this study, a protocol was prepared that participating stations could follow easily and make similar gel samples at various sites.  Instrumental variation was within a reasonable range for these samples. For future work, we now have a platform and a system for completing projects containing more advanced gel rheology.

STANDARD TESTING KIT
PACKING SHEET

CONTENTS OF KIT:

   Packed/unpacked

( ( Sample A, Viscous liquid

( ( Sample B (1 and 2), powder

( ( Sample C, gel

( ( Empty Container for Sample B, gel

( ( Instruction sheet

( ( Data Sheets and CD

( ( Return shipping label

    Packed and checked by________ date________

Unpacked and checked by________ date________

Noted shipping damage/leakage? No_____

Yes (please identify item)_______________

ADDITIONAL EQUIPMENT NEEDED: 

· Stir bar (2)

· Stir plate

· Stir rod or spatula

· 250 mL Beaker (2)

· Scale

· Rheometer

· Parafilm

ADDITIONAL REAGENTS NEEDED:

· Deionized (DI) water 
INSTRUCTIONS

1. IMPORTANT****** Check packing form to ensure receipt of all materials.

2. Keep box and packing sheet to return with data sheets.

3. Place sample A and C in refrigerator until testing.

4. Perform preparation and testing as instructed.

5. Return completed data sheets, data CD, packing sheet, and container B (gel) to NC State using the shipping label enclosed.

6. Any problems please contact Sharon Ramsey at (919) 513-7674 or email at sharon_ramsey@ncsu.edu


PREPARATION OF SAMPLES FOR TESTING:

Day 1

Sample A, C – no further preparation needed

Sample B

1. Place label B1 and B2 on separate 250 mL beakers.

2. Place stir bars in beakers.

3. Record weight of beaker + stir bar on data sheet B for each sample (B1, B2).

4. Add approximately 85 mL DI water to each beaker.

5. Place a beaker or both beakers on stir plate and set speed so that vortex forms.

6. Gradually add Sample B1 or B2 powder to beaker near vortex and allow powder to gradually disperse.  Adjust speed of stir plate as needed.

7. When gel thickness becomes too great for stir plate, manually incorporate all powder gradually with stir rod or spatula.  Care must be taken to minimize sample loss during this step.  

8. Place beaker on scale.  Add DI water by drops to increase weight to equal [beaker+stirbar+100 grams].  

9. Record final weight of beaker, stir bar, powder and water on data sheet.

10. Cover with parafilm and refrigerate for at least 24 hrs. prior to testing.

Day 2

Sample A, B, C

1. Remove sample (A, B, and C) from refrigeration. 

2. Fill empty container B (gel) with sample from Beaker B1, seal with tape supplied and return to refrigerator.

3. Allow remaining samples to equilibrate to room temperature.  

4. Test samples following protocols provided in attached pages.  Refrigerated samples may be tested over several days.  Make sure to note date of testing on data sheet.
TESTING PROTOCOL

Sample A:  

Shear Rate Sweep (viscosity) at 25°C

1. Use cone and plate geometry.  Record type of equipment used (company, model, cone diameter and angle) and results on attached data sheet.

2. Pre-shear sample at a rate of 10/sec for 1 minute.

3. Shear rate sweep 1-100/sec, test duration is 100 sec.  Collect 20 data points. 

4. Copy and save data to the Excel file supplied on the template CD.  

5. Run duplicate test with fresh sample.  

6. Copy and save data to the Excel file supplied on the template CD.

Sample B, C:

Shear Rate Sweep (Viscosity) at 25°C


Same procedure as for Sample A

Frequency Sweep testing at 25°C

1. Cone and plate geometry- record data as above.

2. Pre-shear sample as above.

3. Oscillation testing at Stress = 3 Pa (controlled stress rheometers) or Strain = 0.31% (controlled strain rheometers), Perform frequency sweep from 0.01 Hz-10 Hz in 30 logarithmic increments. 

4. Copy and save data to the Excel file supplied on the template CD.

5. Run duplicate test with fresh sample.

6. Copy and save data to the Excel file supplied on the template CD.

DATA SHEET A

Operator position:                               Institution name:                                  .

Date sample arrived:_____________
Date of test:__________________

Rheometer:  Company________________  Model______________________

(check one)  ____ Controlled Stress    ____Controlled Strain

Attachment used:   Cone diameter              (mm)    Cone angle __________°

If cone not available, describe attachment used for test________________

_______________________________________________________________

Date of last calibration_________________

Type of calibration________________________________________________

DATA

Please attach a spreadsheet of test data (hardcopy), or if possible return the enclosed blank CD containing all spreadsheet files in a Microsoft Excel or compatible format with your data entered.  The CD labeled template CD contains an Excel template for your data.

TEST -
SHEAR RATE SWEEP  

DATA SHEET B

Operator position:                               Institution name:                                  .

Date sample arrived:_____________
Date of test:__________________

Rheometer:  Company________________  Model______________________

(check one)  ____ Controlled Stress    ____Controlled Strain

Attachment used:   Cone diameter              (mm)    Cone angle __________°

If cone not available, describe attachment used for test________________

_______________________________________________________________

Date of last calibration_________________

Type of calibration________________________________________________

DATA

Please attach a spreadsheet of test data (hardcopy), or if possible return the enclosed blank CD containing all spreadsheet files in a Microsoft Excel or compatible format with your data entered.  The CD labeled template CD contains an Excel template for your data.

TEST (check one) : 


_____SHEAR RATE SWEEP   



_____ FREQUENCY SWEEP

Weight Data










B1

B2
Beaker and Stir bar weight (g): 





	
	

	
	


Final weight of beaker, stir bar, powder, and water: 
       
DATA SHEET C

Operator position:                               Institution name:                                  .

Date sample arrived:_____________
Date of testing:__________________

Rheometer:  Company________________  Model______________________

(check one)  ____ Controlled Stress    ____Controlled Strain

Attachment used:   Cone diameter              (mm)    Cone angle __________°

If cone not available, describe attachment used for test________________

_______________________________________________________________

Date of last calibration_________________

Type of calibration________________________________________________

DATA

Please attach a spreadsheet of test data (hardcopy), or if possible return the enclosed blank CD containing all spreadsheet files in a Microsoft Excel or compatible format with your data entered.  The CD labeled template CD contains an Excel template for your data.

TEST (check one) : 


_____VISCOSITY   



_____ FREQUENCY SWEEP
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Small amplitude testing - Sample B 
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Viscosity

		1.189		1.212										1.231

		1.446		1.414										1.417

		1.864		1.77										1.769

		2.26		2.26										2.259

		2.783		2.903										2.898

		3.474		3.597										3.559

		4.393		4.713										4.496

		5.527		6.218										6.127

		7.035		8.404										7.925

		8.782		9.241										12.95

		11		12.26										12.07

		13.84		15.65										15.32

		17.51		19.89										19.59

		22.01		25.63										24.71

		27.72		31.99										30.87

		34.89		39.66										38.63

		43.94		49.57										48.82

		55.34		63.83										62.42

		69.68		81.34										79.98

		87.63		102.2										100.8

																9.556

																4.851

																9.564

						8.086		9.763								15.2

						5.719		4.745								20.58

						11.1		9.997								26.07

						16.16		15.32								31.28

						21.38		20.73								36.64

						26.69		26.04								41.87

						31.72		31.42								47.17

						36.9		36.75								52.27

						42.18		41.92								57.66

						47.34		47.06								62.9

						52.81		52.47								68.11

						57.73		57.68								73.48

						63.19		62.9								78.77

						68.16		68.12								83.69

						73.49		73.31								89.47

						78.54		78.62								94.13

						84.21		83.87								99.46

						89.05		88.93

						94.24		94.28

						99.7		99.48



A Lab 1

C  lab 1

A lab 2

C lab 2

B lab 1

B lab 2

shear rate (sec-1)

Viscosity (Pa s)

Viscosity of Kit Samples

1.825

91.57

114.1

1.84

86.75

113.4

1.866

74.01

96.93

1.845

61.81

81.46

1.852

51.5

68.33

1.853

44.82

60.38

1.855

36.25

51.97

1.858

28.59

44.16

1.852

22.13

35.36

1.852

22.9

27.3

1.855

18.86

25.93

1.854

16.02

22.05

1.855

13.49

18.45

1.857

11.33

15.97

1.857

9.762

13.14

1.858

8.41

11.86

1.858

7.64

10.17

1.859

6.427

8.586

1.859

5.526

7.333

1.862

4.708

6.176

29.4

46.2

29.6

2.01

22.6

22

2.41

36.3

18.2

2.48

22.4

15.7

2.39

17.1

14.1

2.28

14.2

12.8

2.28

12.3

11.8

2.19

11

10.9

2.11

9.98

10.3

2.06

9.2

9.63

2.05

8.57

9.12

2.03

8

8.67

2.04

7.54

8.26

2.02

7.14

7.88

2.02

6.78

7.58

2

6.47

7.25

1.96

6.19

7.02

1.99

5.93

6.74

2

5.71

2

5.5

1.97

5.31



Chart1

		1.231		1.25		0.04267		0.003342

		1.417		1.423		0.16		0.138

		1.769		1.775		0.283		0.223

		2.259		2.261		0.567		0.409

		2.898		2.864		1.301		1.028

		3.559		3.544		2.594		2.329

		4.496		4.436		3.9		3.87

		6.127		5.627		5.434		5.229

		7.925		7.381		6.483		6.512

		12.95		9.975		7.502		7.597

		12.07		11.86		8.078		8.277

		15.32		15.29		8.659		8.728

		19.59		19.44		9.046		9.147

		24.71		24.48		9.306		9.363

		30.87		30.92		9.511		9.568

		38.63		38.52		9.646		9.676

		48.82		48.24		9.748		9.779

		62.42		62.45		9.829		9.842

		79.98		79.05		9.861		9.881

		100.8		100		9.898		9.915

						9.929		9.938

						9.941		9.955

						9.956		9.971

						9.967		9.98

						9.976		9.989

						9.986		9.993

						9.988		9.995

						9.996		9.999

						9.999		9.996

						10		9.999

						10.01		9.997

						10.01		9.998

						10.01		10

						10.01		9.999

						10.01		10

						10.01		10

						10.01		10

						10.01		10

						10		9.998

						10.01		9.999

						10.01		9.998

						10.01		9.995

						10.02		9.995

						10.01		9.992

						10.02		9.994

						10.01		9.989

						10.01		9.99

						10.01		9.992

						10		9.992

						10		9.989

						10		9.991

						9.999		9.993

						9.994		9.997

						9.994		9.999

						9.994		10

						9.998		10.01

						9.997		10.01

						9.999		10.01

						10		10.01

						10.01		10.01

						10.01		10

						10.01		10

						10.02		10

						10.01		10

						10.01		10

						10.01		10

						10.01		9.999

						10		10

						10		10

						10		9.997

						10		9.996

						10		9.994

						10		9.997

						10		9.993

						10.01		9.993

						10.01		9.991

						10		9.993

						10		9.996

						10		9.991

						10		9.996

						9.998		9.996

						9.994		10

						9.994		10

						9.993		10

						9.995		10.01

						9.995		10.01

						9.993		10.01

						9.995		10.01

						9.997		10.01

						10		10.01

						10.01		10.01

						10.01		10.01

						10.01		10.01

						10.01		10.01

						10.01		10.01

						10.01		10

						10.01		10.01

						10		10

						9.998		9.999

						10		10

						9.556		9.782

						4.851		4.795

						9.564		9.585

						15.2		15.12

						20.58		20.46

						26.07		25.87

						31.28		31.21

						36.64		36.39

						41.87		41.79

						47.17		47.04

						52.27		52.37

						57.66		57.57

						62.9		62.78

						68.11		68.08

						73.48		73.34

						78.77		78.52

						83.69		83.9

						89.47		89.85

						94.13		93.7

						99.46		99.56



B1-1 lab 1

B1-2 lab 1

B1-1 lab 2

B1-2 lab 2

117.3

114.1

65.4

24.7

114.6

113.4

291

278

98

96.93

312

338

82.03

81.46

219

272

67.87

68.33

121

144

59.99

60.38

72.9

76.4

50.99

51.97

54.6

52.8

38.87

44.16

43.3

42.7

32.63

35.36

38.3

36.6

19.13

27.3

34.7

33

25.69

25.93

33.1

31.2

21.68

22.05

31.6

30.2

18.36

18.45

30.7

29.2

15.62

15.97

30.2

28.8

13.68

13.14

29.7

28.4

11.8

11.86

29.5

28.2

10

10.17

29.3

28

8.54

8.586

29.1

27.9

7.246

7.333

29.1

27.9

6.08

6.176

29

27.8

29

27.8

28.9

27.7

28.9

27.7

28.9

27.7

28.9

27.7

28.9

27.7

28.9

27.6

28.8

27.6

28.8

27.7

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.6

28.8

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.8

27.7

28.7

27.7

28.8

27.7

28.8

27.7

28.8

27.7

28.8

27.7

28.8

27.7

28.8

27.7

28.8

27.6

28.8

27.6

28.8

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.7

28.7

27.6

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7

27.7

28.7
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28.7

27.7

28.7
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27.7

28.7

27.7

28.7

27.7
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27.7

28.7

27.6

28.7

27.6

28.8

27.6

28.8

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

28.7

27.6

29.4

27.9

46.2

44.7

29.6

28.5

22

21.3

18.2

17.6

15.7

15.2

14.1

13.5

12.8

12.3

11.8

11.3

10.9

10.5

10.3

9.83

9.63

9.27

9.12

8.78

8.67

8.34

8.26

7.95

7.88

7.58

7.58

7.25

7.25

6.83

7.02

6.72

6.74

6.46



Sample A

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque

		s		ºC		Pa		1/s		Pa s				Nm

		#0				9/23/05 11:57

		2.5		25		2.17E+00		1.19E+00		1.83E+00		2.65E+00		3.64E-05

		7.5		25.1		2.66E+00		1.45E+00		1.84E+00		9.06E+00		4.46E-05

		12.5		25		3.48E+00		1.86E+00		1.87E+00		1.75E+01		5.83E-05

		17.5		25		4.17E+00		2.26E+00		1.85E+00		2.79E+01		6.99E-05

		22.5		25		5.16E+00		2.78E+00		1.85E+00		4.05E+01		8.64E-05

		27.5		25		6.44E+00		3.47E+00		1.85E+00		5.64E+01		1.08E-04

		32.5		25		8.15E+00		4.39E+00		1.86E+00		7.62E+01		1.37E-04

		37.5		25		1.03E+01		5.53E+00		1.86E+00		1.01E+02		1.72E-04

		42.5		24.9		1.30E+01		7.04E+00		1.85E+00		1.33E+02		2.18E-04

		47.5		25		1.63E+01		8.78E+00		1.85E+00		1.73E+02		2.73E-04

		52.5		25		2.04E+01		1.10E+01		1.86E+00		2.23E+02		3.42E-04

		57.5		25		2.57E+01		1.38E+01		1.85E+00		2.85E+02		4.30E-04

		62.5		25		3.25E+01		1.75E+01		1.86E+00		3.65E+02		5.44E-04

		67.5		25		4.09E+01		2.20E+01		1.86E+00		4.64E+02		6.85E-04

		72.5		25		5.15E+01		2.77E+01		1.86E+00		5.89E+02		8.63E-04

		77.5		25		6.48E+01		3.49E+01		1.86E+00		7.47E+02		1.09E-03

		82.5		25		8.16E+01		4.39E+01		1.86E+00		9.46E+02		1.37E-03

		87.5		25		1.03E+02		5.53E+01		1.86E+00		1.20E+03		1.72E-03

		92.5		25		1.30E+02		6.97E+01		1.86E+00		1.51E+03		2.17E-03

		97.5		25		1.63E+02		8.76E+01		1.86E+00		1.91E+03		2.73E-03

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque

		s		ºC		Pa		1/s		Pa s				Nm

		#0				9/23/05 12:08

		2.5		25		2.11E+00		1.19E+00		1.77E+00		2.65E+00		3.53E-05

		7.5		25		2.58E+00		1.45E+00		1.78E+00		9.10E+00		4.32E-05

		12.5		25		3.36E+00		1.85E+00		1.82E+00		1.75E+01		5.64E-05

		17.5		25		4.05E+00		2.26E+00		1.79E+00		2.78E+01		6.78E-05

		22.5		25		4.98E+00		2.78E+00		1.79E+00		4.05E+01		8.34E-05

		27.5		25		6.24E+00		3.49E+00		1.79E+00		5.63E+01		1.05E-04

		32.5		25		7.87E+00		4.39E+00		1.79E+00		7.62E+01		1.32E-04

		37.5		25		9.93E+00		5.53E+00		1.80E+00		1.01E+02		1.66E-04

		42.5		24.9		1.25E+01		6.97E+00		1.79E+00		1.33E+02		2.09E-04

		47.5		25		1.57E+01		8.77E+00		1.79E+00		1.73E+02		2.63E-04

		52.5		25		1.97E+01		1.10E+01		1.79E+00		2.22E+02		3.30E-04

		57.5		25		2.49E+01		1.39E+01		1.79E+00		2.85E+02		4.16E-04

		62.5		25		3.13E+01		1.75E+01		1.79E+00		3.64E+02		5.25E-04

		67.5		25		3.93E+01		2.20E+01		1.79E+00		4.64E+02		6.59E-04

		72.5		25		4.96E+01		2.77E+01		1.79E+00		5.89E+02		8.31E-04

		77.5		25.1		6.24E+01		3.49E+01		1.79E+00		7.47E+02		1.05E-03

		82.5		25		7.87E+01		4.40E+01		1.79E+00		9.46E+02		1.32E-03

		87.5		25		9.90E+01		5.53E+01		1.79E+00		1.20E+03		1.66E-03

		92.5		25		1.25E+02		6.97E+01		1.79E+00		1.51E+03		2.09E-03

		97.5		25		1.57E+02		8.77E+01		1.80E+00		1.91E+03		2.64E-03

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque

		s		ºC		Pa		1/s		Pa s				Nm

		#0				9/23/05 12:19

		2.5		25		2.12E+00		1.19E+00		1.78E+00		2.73E+00		3.55E-05

		7.5		25		2.67E+00		1.45E+00		1.85E+00		9.21E+00		4.47E-05

		12.5		25		3.40E+00		1.86E+00		1.82E+00		1.74E+01		5.69E-05

		17.5		25		4.14E+00		2.26E+00		1.83E+00		2.80E+01		6.94E-05

		22.5		25		5.11E+00		2.78E+00		1.83E+00		4.06E+01		8.55E-05

		27.5		25		6.39E+00		3.50E+00		1.83E+00		5.64E+01		1.07E-04

		32.5		25		8.05E+00		4.40E+00		1.83E+00		7.63E+01		1.35E-04

		37.5		25		1.01E+01		5.54E+00		1.83E+00		1.01E+02		1.70E-04

		42.5		25		1.27E+01		6.94E+00		1.83E+00		1.33E+02		2.13E-04

		47.5		25		1.61E+01		8.80E+00		1.83E+00		1.73E+02		2.69E-04

		52.5		25.1		2.02E+01		1.11E+01		1.83E+00		2.23E+02		3.38E-04

		57.5		25		2.54E+01		1.39E+01		1.83E+00		2.86E+02		4.26E-04

		62.5		25		3.20E+01		1.75E+01		1.83E+00		3.64E+02		5.36E-04

		67.5		25		4.03E+01		2.20E+01		1.83E+00		4.64E+02		6.75E-04

		72.5		25		5.07E+01		2.77E+01		1.83E+00		5.89E+02		8.50E-04

		77.5		25		6.40E+01		3.49E+01		1.83E+00		7.47E+02		1.07E-03

		82.5		25.1		8.05E+01		4.40E+01		1.83E+00		9.46E+02		1.35E-03

		87.5		25		1.01E+02		5.53E+01		1.83E+00		1.20E+03		1.70E-03

		92.5		25		1.28E+02		6.97E+01		1.83E+00		1.51E+03		2.14E-03

		97.5		25.1		1.61E+02		8.77E+01		1.83E+00		1.91E+03		2.69E-03





Sample B2

		Viscosity																		Frequency

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note				Title/general heading

		s		ºC		Pa		1/s		Pa s				Nm						Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		#0				9/26/05 12:12														s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		2.5		25		1.54E+02		1.13E+00		1.36E+02		2.38E+00		2.58E-03		0.00E+00				#0				9/26/05 12:43

		7.5		25		1.74E+02		1.43E+00		1.22E+02		8.78E+00		2.91E-03		0.00E+00				55.1		25		1.00E-02		3.00E+00		5.75E-03		14		5.22E+02		5.06E+02		1.27E+02		8.31E+03		5.03E-05		0.00E+00

		12.5		25		1.86E+02		1.79E+00		1.04E+02		1.68E+01		3.11E-03		0.00E+00				216.2		25		1.44E-02		3.00E+00		4.73E-03		11.3		6.35E+02		6.22E+02		1.25E+02		7.02E+03		5.03E-05		0.00E+00

		17.5		25		1.99E+02		2.27E+00		8.80E+01		2.69E+01		3.34E-03		0.00E+00				337		25		2.07E-02		3.00E+00		4.55E-03		8.4		6.60E+02		6.53E+02		9.64E+01		5.08E+03		5.03E-05		0.00E+00

		22.5		25		2.13E+02		2.93E+00		7.27E+01		3.96E+01		3.56E-03		0.00E+00				431.5		25		2.98E-02		3.00E+00		4.35E-03		8.1		6.90E+02		6.83E+02		9.73E+01		3.69E+03		5.03E-05		0.00E+00

		27.5		25		2.30E+02		3.57E+00		6.44E+01		5.60E+01		3.85E-03		0.00E+00				505.9		25		4.29E-02		3.00E+00		4.22E-03		6.9		7.11E+02		7.06E+02		8.54E+01		2.64E+03		5.03E-05		0.00E+00

		32.5		25		2.49E+02		4.49E+00		5.55E+01		7.60E+01		4.17E-03		0.00E+00				567.1		25		6.16E-02		3.00E+00		4.11E-03		6.4		7.30E+02		7.25E+02		8.18E+01		1.89E+03		5.03E-05		0.00E+00

		37.5		25		2.69E+02		5.66E+00		4.75E+01		1.01E+02		4.50E-03		0.00E+00				619.4		25		8.86E-02		3.00E+00		4.01E-03		6.1		7.48E+02		7.44E+02		7.93E+01		1.34E+03		5.03E-05		0.00E+00

		42.5		25		2.91E+02		7.12E+00		4.09E+01		1.33E+02		4.88E-03		0.00E+00				664.7		25		1.28E-01		3.00E+00		3.92E-03		6.3		7.66E+02		7.61E+02		8.40E+01		9.52E+02		5.03E-05		0.00E+00

		47.5		25		3.15E+02		8.95E+00		3.52E+01		1.73E+02		5.28E-03		0.00E+00				703.3		25		1.84E-01		3.00E+00		3.84E-03		6.2		7.81E+02		7.76E+02		8.38E+01		6.75E+02		5.03E-05		0.00E+00

		52.5		24.9		3.42E+02		1.13E+01		3.03E+01		2.23E+02		5.73E-03		0.00E+00				735.5		25		2.64E-01		3.00E+00		3.77E-03		6.6		7.95E+02		7.90E+02		9.18E+01		4.80E+02		5.03E-05		0.00E+00

		57.5		25		3.71E+02		1.42E+01		2.61E+01		2.86E+02		6.22E-03		0.00E+00				763		25		3.80E-01		3.00E+00		3.65E-03		6.5		8.23E+02		8.18E+02		9.32E+01		3.45E+02		5.03E-05		0.00E+00

		62.5		25		4.03E+02		1.79E+01		2.25E+01		3.66E+02		6.75E-03		0.00E+00				789.2		25		5.46E-01		3.00E+00		3.56E-03		6.7		8.44E+02		8.39E+02		9.78E+01		2.46E+02		5.03E-05		0.00E+00

		67.5		25.1		4.37E+02		2.36E+01		1.85E+01		4.69E+02		7.32E-03		0.00E+00				810.7		25		7.85E-01		3.00E+00		3.47E-03		7		8.66E+02		8.59E+02		1.05E+02		1.76E+02		5.03E-05		0.00E+00

		72.5		25		4.63E+02		3.08E+01		1.51E+01		6.02E+02		7.77E-03		0.00E+00				829.1		25		1.13E+00		3.00E+00		3.39E-03		7.1		8.90E+02		8.83E+02		1.10E+02		1.25E+02		5.03E-05		0.00E+00

		77.5		25		4.92E+02		3.87E+01		1.27E+01		7.77E+02		8.24E-03		0.00E+00				847.5		25		1.62E+00		3.00E+00		3.31E-03		7.5		9.16E+02		9.08E+02		1.20E+02		8.97E+01		5.03E-05		0.00E+00

		82.5		25		5.41E+02		4.83E+01		1.12E+01		9.95E+02		9.06E-03		0.00E+00				862.6		25		2.34E+00		3.00E+00		3.23E-03		7.9		9.47E+02		9.38E+02		1.31E+02		6.45E+01		5.03E-05		0.00E+00

		87.5		25		5.84E+02		6.20E+01		9.42E+00		1.27E+03		9.79E-03		0.00E+00				877.6		25		3.36E+00		3.00E+00		3.17E-03		8.1		9.85E+02		9.75E+02		1.40E+02		4.67E+01		5.03E-05		0.00E+00

		92.5		25		6.26E+02		7.83E+01		8.00E+00		1.62E+03		1.05E-02		0.00E+00				890.3		25.1		4.83E+00		3.00E+00		3.19E-03		8.8		1.02E+03		1.01E+03		1.56E+02		3.36E+01		5.03E-05		0.00E+00

		97.5		25		6.68E+02		9.94E+01		6.72E+00		2.06E+03		1.12E-02		0.00E+00				903.3		25		6.95E+00		3.00E+00		3.32E-03		9.1		1.07E+03		1.05E+03		1.68E+02		2.44E+01		5.03E-05		0.00E+00

																				913.9		25		1.00E+01		3.00E+00		3.82E-03		9.1		1.12E+03		1.11E+03		1.76E+02		1.78E+01		5.03E-05		0.00E+00

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note

		s		ºC		Pa		1/s		Pa s				Nm

		#0				9/26/05 12:24														Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		2.5		24.9		1.53E+02		1.27E+00		1.20E+02		2.39E+00		2.56E-03		0.00E+00				s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		7.5		25		1.74E+02		1.43E+00		1.21E+02		8.80E+00		2.91E-03		0.00E+00				#0				9/26/05 13:07

		12.5		25		1.86E+02		1.77E+00		1.05E+02		1.69E+01		3.11E-03		0.00E+00				55.1		25		1.00E-02		3.00E+00		4.63E-03		13.9		6.48E+02		6.29E+02		1.55E+02		1.03E+04		5.03E-05		0.00E+00

		17.5		25		1.99E+02		2.26E+00		8.78E+01		2.69E+01		3.33E-03		0.00E+00				216.3		25		1.44E-02		3.00E+00		3.82E-03		11		7.84E+02		7.70E+02		1.50E+02		8.67E+03		5.03E-05		0.00E+00

		22.5		25		2.11E+02		2.89E+00		7.30E+01		4.01E+01		3.54E-03		0.00E+00				337		25		2.07E-02		3.00E+00		3.58E-03		9		8.37E+02		8.27E+02		1.31E+02		6.44E+03		5.03E-05		0.00E+00

		27.5		25		2.30E+02		3.53E+00		6.53E+01		5.62E+01		3.86E-03		0.00E+00				431.5		25		2.98E-02		3.00E+00		3.49E-03		7		8.61E+02		8.55E+02		1.05E+02		4.60E+03		5.03E-05		0.00E+00

		32.5		25		2.49E+02		4.42E+00		5.62E+01		7.62E+01		4.16E-03		0.00E+00				505.9		25		4.29E-02		3.00E+00		3.38E-03		6.7		8.87E+02		8.81E+02		1.04E+02		3.29E+03		5.03E-05		0.00E+00

		37.5		25		2.56E+02		6.10E+00		4.20E+01		1.02E+02		4.29E-03		0.00E+00				567.1		25		6.16E-02		3.00E+00		3.29E-03		6		9.13E+02		9.08E+02		9.53E+01		2.36E+03		5.03E-05		0.00E+00

		42.5		25		2.88E+02		7.34E+00		3.91E+01		1.36E+02		4.82E-03		0.00E+00				619.3		25		8.86E-02		3.00E+00		3.20E-03		5.7		9.37E+02		9.32E+02		9.27E+01		1.68E+03		5.03E-05		0.00E+00

		47.5		25		3.11E+02		9.54E+00		3.26E+01		1.78E+02		5.21E-03		0.00E+00				664.6		25		1.28E-01		3.00E+00		3.13E-03		4.5		9.58E+02		9.55E+02		7.56E+01		1.19E+03		5.03E-05		0.00E+00

		52.5		25		3.31E+02		1.19E+01		2.78E+01		2.33E+02		5.55E-03		0.00E+00				703.2		25		1.84E-01		3.00E+00		3.17E-03		6.5		9.46E+02		9.40E+02		1.07E+02		8.18E+02		5.03E-05		0.00E+00

		57.5		25		3.63E+02		1.52E+01		2.39E+01		3.01E+02		6.08E-03		0.00E+00				735.4		25		2.64E-01		3.00E+00		3.06E-03		7.1		9.82E+02		9.75E+02		1.22E+02		5.92E+02		5.03E-05		0.00E+00

		62.5		25		3.87E+02		1.93E+01		2.01E+01		3.87E+02		6.48E-03		0.00E+00				763		25		3.80E-01		3.00E+00		2.94E-03		6.3		1.02E+03		1.02E+03		1.12E+02		4.28E+02		5.03E-05		0.00E+00

		67.5		25		4.19E+02		2.44E+01		1.72E+01		4.98E+02		7.03E-03		0.00E+00				789.2		25		5.46E-01		3.00E+00		2.85E-03		6.8		1.05E+03		1.05E+03		1.24E+02		3.07E+02		5.03E-05		0.00E+00

		72.5		25		4.37E+02		3.13E+01		1.40E+01		6.40E+02		7.33E-03		0.00E+00				810.8		25		7.85E-01		3.00E+00		2.81E-03		6.9		1.07E+03		1.06E+03		1.30E+02		2.17E+02		5.03E-05		0.00E+00

		77.5		25.1		4.90E+02		3.85E+01		1.27E+01		8.18E+02		8.22E-03		0.00E+00				829.2		25		1.13E+00		3.00E+00		2.72E-03		7		1.11E+03		1.10E+03		1.34E+02		1.56E+02		5.03E-05		0.00E+00

		82.5		25.1		5.37E+02		4.93E+01		1.09E+01		1.04E+03		9.00E-03		0.00E+00				847.6		25		1.62E+00		3.00E+00		2.66E-03		7.6		1.14E+03		1.13E+03		1.50E+02		1.12E+02		5.03E-05		0.00E+00

		87.5		25		5.72E+02		6.22E+01		9.19E+00		1.32E+03		9.58E-03		0.00E+00				862.7		24.9		2.34E+00		3.00E+00		2.60E-03		7.9		1.17E+03		1.16E+03		1.60E+02		7.99E+01		5.03E-05		0.00E+00

		92.5		24.9		6.20E+02		7.88E+01		7.88E+00		1.67E+03		1.04E-02		0.00E+00				877.7		25		3.36E+00		3.00E+00		2.57E-03		8.1		1.20E+03		1.19E+03		1.69E+02		5.71E+01		5.03E-05		0.00E+00

		97.5		25		6.60E+02		9.98E+01		6.61E+00		2.13E+03		1.11E-02		0.00E+00				890.4		25		4.83E+00		3.00E+00		2.58E-03		8.6		1.24E+03		1.23E+03		1.86E+02		4.08E+01		5.03E-05		0.00E+00

																				903.3		25		6.95E+00		3.00E+00		2.69E-03		9.3		1.28E+03		1.26E+03		2.06E+02		2.92E+01		5.03E-05		0.00E+00

																				914		25		1.00E+01		3.00E+00		3.09E-03		9.7		1.31E+03		1.29E+03		2.19E+02		2.08E+01		5.03E-05		0.00E+00





Small Amplitude

		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		0.0144		0.0144		0.0144		0.0129		0.0144		0.0144		0.0129		0.0144		0.0129

		0.0207		0.0207		0.0207		0.0167		0.0207		0.0207		0.0167		0.0207		0.0167

		0.0298		0.0298		0.0298		0.0215		0.0298		0.0298		0.0215		0.0298		0.0215

		0.0429		0.0429		0.0429		0.0278		0.0429		0.0429		0.0278		0.0429		0.0278

		0.0616		0.0616		0.0616		0.0359		0.0616		0.0616		0.0359		0.0616		0.0359

		0.0886		0.0886		0.0886		0.0464		0.0886		0.0886		0.0464		0.0886		0.0464

		0.128		0.128		0.128		0.0599		0.128		0.128		0.0599		0.128		0.0599

		0.184		0.184		0.184		0.0774		0.184		0.184		0.0774		0.184		0.0774

		0.264		0.264		0.264		0.1		0.264		0.264		0.1		0.264		0.1

		0.38		0.38		0.38		0.13		0.38		0.38		0.13		0.38		0.13

		0.546		0.546		0.546		0.17		0.546		0.546		0.17		0.546		0.17

		0.785		0.785		0.785		0.22		0.785		0.785		0.22		0.785		0.22

		1.129		1.129		1.129		0.28		1.129		1.129		0.28		1.129		0.28

		1.624		1.624		1.624		0.36		1.624		1.624		0.36		1.624		0.36

		2.336		2.336		2.336		0.46		2.336		2.336		0.46		2.336		0.46

		3.36		3.36		3.36		0.6		3.36		3.36		0.6		3.36		0.6

		4.833		4.833		4.833		0.77		4.833		4.833		0.77		4.833		0.77

		6.952		6.952		6.952		1		6.952		6.952		1		6.952		1

		10		10		10		1.29		10		10		1.29		10		1.29

								1.67						1.67				1.67

								2.15						2.15				2.15

								2.78						2.78				2.78

								3.59						3.59				3.59

								4.64						4.64				4.64

								5.99						5.99				5.99

								7.74						7.74				7.74

								10						10				10



Phase lab 1

G'  lab 1

G"  lab 1

G" lab 2

G' (sample B gel from lab 2 run at lab 1)

G" (sample B gel from lab 2 run at lab 1)

phase lab 2

Phase (sample B gel from lab 2 run at lab 1)

G' lab 2

frequency (Hz)

G', G" (Pa)

Phase Angle

Figure 2. 
Small amplitude testing - Sample B
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6.2

783.7

85.01

86.25

725

81.75

7.099

6.4

697.8

5.6

807.6

79.42

87.49

744.2

79.34

7.077

6.1

710.1

6.6

816.6

94.52

84.61

761.1

83.96

6.705

6.3

724.7

6

845.9

89.57

88.13

776.3

83.84

6.855

6.2

738.4

6

862.6

90.08

81.94

790.1

91.77

6.268

6.6

750.5

6.4

884.8

99.63

81.53

817.5

93.21

6.115

6.5

765.4

6.5

900.8

102.5

84.6

838.5

97.82

6.253

6.7

776.7

7.3

925.4

118.5

88.09

859.3

105.3

6.401

7

790.1

7.2

956.2

119.9

91.77

883.2

110.4

6.56

7.1

803.2

7.7

980.4

132.3

95.53

907.8

120

6.712

7.5

817.4

7.8

1013

138.6

100.6

938

130.9

6.945

7.9

832

8.2

1045

151

103.4

975.3

139.5

7.011

8.1

846.9

8.5

1078

161.5

110.1

1008

156

7.307

8.8

865.4

9

1122

177.6

117.1

1051

168.1

7.562

9.1

889.8

9.2

1162

189.1

124.1

1106

176.3

7.878

9.1

905.6

130.4

8.108

924.5

140.3

8.488

950.6

150.9

8.936

971.6

160.3

9.258

996.6

166.3

9.415

1016

157.7

8.701

1043

180.6

9.736

1068

186.1

9.848

1088



Sample B1

		Viscosity																		Frequency

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque						Title/general heading

		s		ºC		Pa		1/s		Pa s				Nm						Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		2.5		25.1		1.45E+02		1.23E+00		1.17E+02		2.38E+00		2.42E-03						s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		7.5		25		1.63E+02		1.42E+00		1.15E+02		8.72E+00		2.72E-03						55.1		25		1.00E-02		3.00E+00		5.38E-03		14		5.57E+02		5.41E+02		1.35E+02		8.87E+03		5.03E-05		0.00E+00

		12.5		25		1.73E+02		1.77E+00		9.80E+01		1.68E+01		2.91E-03						216.3		25.1		1.44E-02		3.00E+00		4.52E-03		10.4		6.64E+02		6.53E+02		1.20E+02		7.34E+03		5.03E-05		0.00E+00

		17.5		25		1.85E+02		2.26E+00		8.20E+01		2.69E+01		3.11E-03						337		25		2.07E-02		3.00E+00		4.18E-03		8.8		7.18E+02		7.10E+02		1.09E+02		5.52E+03		5.03E-05		0.00E+00

		22.5		25		1.97E+02		2.90E+00		6.79E+01		4.02E+01		3.30E-03						431.5		25		2.98E-02		3.00E+00		4.04E-03		7.6		7.42E+02		7.35E+02		9.87E+01		3.96E+03		5.03E-05		0.00E+00

		27.5		25		2.14E+02		3.56E+00		6.00E+01		5.64E+01		3.58E-03						506		25		4.29E-02		3.00E+00		3.91E-03		7		7.68E+02		7.63E+02		9.33E+01		2.85E+03		5.03E-05		0.00E+00

		32.5		25		2.29E+02		4.50E+00		5.10E+01		7.64E+01		3.84E-03						567.1		25		6.16E-02		3.00E+00		3.81E-03		6.2		7.88E+02		7.84E+02		8.50E+01		2.04E+03		5.03E-05		0.00E+00

		37.5		25		2.38E+02		6.13E+00		3.89E+01		1.03E+02		3.99E-03						619.4		25		8.86E-02		3.00E+00		3.70E-03		5.6		8.11E+02		8.08E+02		7.94E+01		1.46E+03		5.03E-05		0.00E+00

		42.5		25		2.59E+02		7.93E+00		3.26E+01		1.37E+02		4.33E-03						664.6		25		1.28E-01		3.00E+00		3.65E-03		6.6		8.22E+02		8.17E+02		9.45E+01		1.02E+03		5.03E-05		0.00E+00

		47.5		25		2.48E+02		1.30E+01		1.91E+01		1.97E+02		4.15E-03						703.3		25		1.84E-01		3.00E+00		3.53E-03		6		8.51E+02		8.46E+02		8.96E+01		7.36E+02		5.03E-05		0.00E+00

		52.5		25		3.10E+02		1.21E+01		2.57E+01		2.50E+02		5.20E-03						735.5		25		2.64E-01		3.00E+00		3.46E-03		6		8.67E+02		8.63E+02		9.01E+01		5.23E+02		5.03E-05		0.00E+00

		57.5		25		3.32E+02		1.53E+01		2.17E+01		3.20E+02		5.57E-03						763		24.9		3.80E-01		3.00E+00		3.37E-03		6.4		8.90E+02		8.85E+02		9.96E+01		3.73E+02		5.03E-05		0.00E+00

		62.5		25.1		3.60E+02		1.96E+01		1.84E+01		4.10E+02		6.03E-03						789.2		25		5.46E-01		3.00E+00		3.31E-03		6.5		9.07E+02		9.01E+02		1.03E+02		2.64E+02		5.03E-05		0.00E+00

		67.5		25		3.86E+02		2.47E+01		1.56E+01		5.21E+02		6.47E-03						810.8		25		7.85E-01		3.00E+00		3.22E-03		7.3		9.33E+02		9.25E+02		1.19E+02		1.89E+02		5.03E-05		0.00E+00

		72.5		25		4.23E+02		3.09E+01		1.37E+01		6.60E+02		7.08E-03						829.2		25		1.13E+00		3.00E+00		3.13E-03		7.2		9.64E+02		9.56E+02		1.20E+02		1.36E+02		5.03E-05		0.00E+00

		77.5		25		4.56E+02		3.86E+01		1.18E+01		8.35E+02		7.64E-03						847.6		25		1.62E+00		3.00E+00		3.06E-03		7.7		9.89E+02		9.80E+02		1.32E+02		9.70E+01		5.03E-05		0.00E+00

		82.5		25		4.88E+02		4.88E+01		1.00E+01		1.05E+03		8.18E-03						862.7		25		2.34E+00		3.00E+00		2.99E-03		7.8		1.02E+03		1.01E+03		1.39E+02		6.97E+01		5.03E-05		0.00E+00

		87.5		25		5.33E+02		6.24E+01		8.54E+00		1.34E+03		8.93E-03						877.7		25		3.36E+00		3.00E+00		2.95E-03		8.2		1.06E+03		1.05E+03		1.51E+02		5.00E+01		5.03E-05		0.00E+00

		92.5		25		5.80E+02		8.00E+01		7.25E+00		1.71E+03		9.71E-03						890.4		25		4.83E+00		3.00E+00		2.97E-03		8.5		1.09E+03		1.08E+03		1.62E+02		3.59E+01		5.03E-05		0.00E+00

		97.5		25		6.13E+02		1.01E+02		6.08E+00		2.15E+03		1.03E-02						903.3		25		6.95E+00		3.00E+00		3.08E-03		9		1.14E+03		1.12E+03		1.78E+02		2.60E+01		5.03E-05		0.00E+00

																				914		25		1.00E+01		3.00E+00		3.56E-03		9.2		1.18E+03		1.16E+03		1.89E+02		1.87E+01		5.03E-05		0.00E+00

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note

		s		ºC		Pa		1/s		Pa s				Nm						Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		2.5		25.1		1.43E+02		1.25E+00		1.14E+02		2.39E+00		2.39E-03		0.00E+00				s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		7.5		25		1.61E+02		1.42E+00		1.13E+02		8.80E+00		2.71E-03		0.00E+00				55.1		25		1.00E-02		3.00E+00		5.17E-03		13.9		5.81E+02		5.64E+02		1.39E+02		9.24E+03		5.03E-05		0.00E+00

		12.5		25		1.72E+02		1.78E+00		9.69E+01		1.68E+01		2.88E-03		0.00E+00				216.3		25		1.44E-02		3.00E+00		4.38E-03		10.6		6.84E+02		6.73E+02		1.26E+02		7.56E+03		5.03E-05		0.00E+00

		17.5		25		1.84E+02		2.26E+00		8.15E+01		2.69E+01		3.09E-03		0.00E+00				337		25		2.07E-02		3.00E+00		4.06E-03		8.9		7.40E+02		7.31E+02		1.14E+02		5.69E+03		5.03E-05		0.00E+00

		22.5		25		1.96E+02		2.86E+00		6.83E+01		4.00E+01		3.28E-03		0.00E+00				431.5		25.1		2.98E-02		3.00E+00		3.94E-03		7.4		7.62E+02		7.55E+02		9.86E+01		4.07E+03		5.03E-05		0.00E+00

		27.5		25		2.14E+02		3.54E+00		6.04E+01		5.61E+01		3.59E-03		0.00E+00				506		25		4.29E-02		3.00E+00		3.83E-03		6.8		7.84E+02		7.79E+02		9.31E+01		2.91E+03		5.03E-05		0.00E+00

		32.5		25		2.31E+02		4.44E+00		5.20E+01		7.62E+01		3.86E-03		0.00E+00				567.2		25		6.16E-02		3.00E+00		3.74E-03		6.4		8.03E+02		7.98E+02		8.95E+01		2.08E+03		5.03E-05		0.00E+00

		37.5		24.9		2.49E+02		5.63E+00		4.42E+01		1.02E+02		4.16E-03		0.00E+00				619.4		25		8.86E-02		3.00E+00		3.66E-03		6.9		8.21E+02		8.15E+02		9.82E+01		1.47E+03		5.03E-05		0.00E+00

		42.5		25		2.61E+02		7.38E+00		3.54E+01		1.34E+02		4.37E-03		0.00E+00				664.7		25		1.28E-01		3.00E+00		3.55E-03		5.6		8.46E+02		8.42E+02		8.29E+01		1.05E+03		5.03E-05		0.00E+00

		47.5		25		2.72E+02		9.98E+00		2.73E+01		1.77E+02		4.56E-03		0.00E+00				703.3		25		1.84E-01		3.00E+00		3.49E-03		6.2		8.61E+02		8.56E+02		9.24E+01		7.44E+02		5.03E-05		0.00E+00

		52.5		25		3.08E+02		1.19E+01		2.59E+01		2.33E+02		5.15E-03		0.00E+00				735.5		25		2.64E-01		3.00E+00		3.32E-03		5.3		9.04E+02		9.00E+02		8.32E+01		5.45E+02		5.03E-05		0.00E+00

		57.5		25		3.37E+02		1.53E+01		2.21E+01		3.00E+02		5.65E-03		0.00E+00				763		25		3.80E-01		3.00E+00		3.30E-03		6.5		9.09E+02		9.04E+02		1.02E+02		3.81E+02		5.03E-05		0.00E+00

		62.5		25		3.59E+02		1.94E+01		1.85E+01		3.87E+02		6.01E-03		0.00E+00				789.2		25		5.46E-01		3.00E+00		3.23E-03		6.8		9.29E+02		9.23E+02		1.10E+02		2.71E+02		5.03E-05		0.00E+00

		67.5		25		3.91E+02		2.45E+01		1.60E+01		5.00E+02		6.55E-03		0.00E+00				810.9		25		7.85E-01		3.00E+00		3.13E-03		7.1		9.59E+02		9.52E+02		1.18E+02		1.95E+02		5.03E-05		0.00E+00

		72.5		25		4.06E+02		3.09E+01		1.31E+01		6.42E+02		6.81E-03		0.00E+00				829.2		25		1.13E+00		3.00E+00		3.05E-03		7.1		9.87E+02		9.79E+02		1.22E+02		1.39E+02		5.03E-05		0.00E+00

		77.5		25		4.57E+02		3.85E+01		1.19E+01		8.17E+02		7.66E-03		0.00E+00				847.6		25		1.62E+00		3.00E+00		2.98E-03		7.7		1.02E+03		1.01E+03		1.36E+02		9.95E+01		5.03E-05		0.00E+00

		82.5		25		4.91E+02		4.82E+01		1.02E+01		1.04E+03		8.23E-03		0.00E+00				862.7		25		2.34E+00		3.00E+00		2.91E-03		7.7		1.05E+03		1.04E+03		1.41E+02		7.14E+01		5.03E-05		0.00E+00

		87.5		25		5.36E+02		6.25E+01		8.59E+00		1.32E+03		8.99E-03		0.00E+00				877.6		24.9		3.36E+00		3.00E+00		2.88E-03		8.2		1.08E+03		1.07E+03		1.54E+02		5.11E+01		5.03E-05		0.00E+00

		92.5		25		5.80E+02		7.91E+01		7.33E+00		1.67E+03		9.71E-03		0.00E+00				890.3		24.9		4.83E+00		3.00E+00		2.88E-03		8.6		1.12E+03		1.11E+03		1.68E+02		3.69E+01		5.03E-05		0.00E+00

		97.5		25		6.18E+02		1.00E+02		6.18E+00		2.13E+03		1.03E-02		0.00E+00				903.3		25		6.95E+00		3.00E+00		3.01E-03		8.8		1.16E+03		1.14E+03		1.78E+02		2.65E+01		5.03E-05		0.00E+00

																				914		25		1.00E+01		3.00E+00		3.47E-03		9.2		1.20E+03		1.18E+03		1.93E+02		1.91E+01		5.03E-05		0.00E+00





Small amplitude sample c

		0.01		0.01		0.01		0.01		0.01		0.01

		0.0144		0.0144		0.0144		0.0129		0.0129		0.0129

		0.0207		0.0207		0.0207		0.0167		0.0167		0.0167

		0.0298		0.0298		0.0298		0.0215		0.0215		0.0215

		0.0429		0.0429		0.0429		0.0278		0.0278		0.0278

		0.0616		0.0616		0.0616		0.0359		0.0359		0.0359

		0.0886		0.0886		0.0886		0.0464		0.0464		0.0464

		0.128		0.128		0.128		0.0599		0.0599		0.0599

		0.184		0.184		0.184		0.0774		0.0774		0.0774

		0.264		0.264		0.264		0.1		0.1		0.1

		0.38		0.38		0.38		0.13		0.13		0.13

		0.546		0.546		0.546		0.17		0.17		0.17

		0.785		0.785		0.785		0.22		0.22		0.22

		1.129		1.129		1.129		0.28		0.28		0.28

		1.624		1.624		1.624		0.36		0.36		0.36

		2.336		2.336		2.336		0.46		0.46		0.46

		3.36		3.36		3.36		0.6		0.6		0.6

		4.833		4.833		4.833		0.77		0.77		0.77

		6.952		6.952		6.952		1		1		1

		10		10		10		1.29		1.29		1.29

								1.67		1.67		1.67

								2.15		2.15		2.15

								2.78		2.78		2.78

								3.59		3.59		3.59

								4.64		4.64		4.64

								5.99		5.99		5.99

								7.74		7.74		7.74

								10		10		10



Phase - lab 1 C

G' -lab 1

G" - lab 1

Phase - lab 2

G' - lab 2

G" - lab 2

Frequency (Hz)

G', G" (Pa)

Variation in testing gel by lab

15

422.5

112.8

29.72

144.4

71.57

11.1

508.5

99.77

13.89

265.1

63.62

9

539.2

84.96

11.35

278.8

54.86

8.4

568.9

84.27

10.36

287.9

51.78

7.6

590.7

78.91

9.813

295.1

50.3

7

607

74.02

9.394

301.1

49.15

7

623.3

76.38

9.218

306.8

49.14

6.5

638.9

72.43

9.431

311.7

51.07

7.2

645.3

81.03

8.902

318.8

49.33

7.4

668

86.96

8.635

324.4

48.71

7.3

690.8

88.22

8.868

331.6

51.12

7.6

711.5

94.85

8.961

338.5

52.72

7.7

731.7

99.51

9.163

345

54.95

8.1

754

107.5

9.312

352.8

57.09

8.3

781.5

114.2

9.499

360.7

59.53

8.7

806.7

123.8

9.77

368.6

62.54

9.1

838.5

133.7

9.887

377.9

64.89

9.5

869.2

145.6

10.14

388.5

68.36

9.9

906.9

157.9

10.59

400.4

73.59

10.1

950

170

10.78

410.4

76.79

11.17

422

81.73

11.61

437.2

87.96

11.94

450.5

93.24

12.3

465.2

99.13

12.64

480.2

105

11.77

496.7

101.3

12.76

514.8

113.7

12.99

532.1

119.6



Sample C

		Viscosity																		Frequency Sweep

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note				Title/general heading

		s		ºC		Pa		1/s		Pa s				Nm						StressTech

		#0				9/23/05 13:44														REOLOGICA Instruments AB

		2.5		25		1.11E+02		1.21E+00		9.16E+01		2.37E+00		1.86E-03		0.00E+00				Oscillation

		7.5		25		1.23E+02		1.41E+00		8.68E+01		8.72E+00		2.06E-03		0.00E+00				9/26/05 9:36

		12.5		25		1.31E+02		1.77E+00		7.40E+01		1.67E+01		2.19E-03		0.00E+00				FlowCurve C25 Sample vol 15.9cc

		17.5		25		1.40E+02		2.26E+00		6.18E+01		2.69E+01		2.34E-03		0.00E+00				This template is designed  to perform a dynamic oscillatory time sweep on low to intermediate viscosity fluids. Don't forget to set the temperature manually, and to use a coating of silicone oil, cover or solvent trap for volatile samples where appropriat

		22.5		25		1.50E+02		2.90E+00		5.15E+01		4.02E+01		2.51E-03		0.00E+00				C 40 4 ETC

		27.5		25		1.61E+02		3.60E+00		4.48E+01		5.63E+01		2.70E-03		0.00E+00				Sample loading method: To gap

		32.5		25		1.71E+02		4.71E+00		3.63E+01		7.75E+01		2.86E-03		0.00E+00				Maximum loading force  3.183E+4  Pa  Proceed when force is below  1.591E+4  Pa  or when waiting more then  1.000E+3  s

		37.5		25.1		1.78E+02		6.22E+00		2.86E+01		1.04E+02		2.98E-03		0.00E+00				Limit loading speed below 3.000  mm  to 0.300 mm/s

		42.5		25		1.86E+02		8.40E+00		2.21E+01		1.40E+02		3.12E-03		0.00E+00				Pause for sample trimming at 0.100  mm  above target gap.

		47.5		25		2.12E+02		9.24E+00		2.29E+01		1.88E+02		3.55E-03		0.00E+00				Set temperature 25.0  ºC Equilibrium time 60.0  s

		52.5		25		2.31E+02		1.23E+01		1.89E+01		2.45E+02		3.87E-03		0.00E+00				Prompt for rotor release

		57.5		25		2.51E+02		1.57E+01		1.60E+01		3.15E+02		4.20E-03		0.00E+00				Preshear Shear rate   1.000E+1  1/s  for  60.0  s

		62.5		25		2.68E+02		1.99E+01		1.35E+01		4.05E+02		4.50E-03		0.00E+00				Manual control  Number of measurements 1   Measurement interval  2.000E+1  s

		67.5		25		2.90E+02		2.56E+01		1.13E+01		5.24E+02		4.87E-03		0.00E+00				Frequency table  Frequency  1.000E-2 -  1.000E+1  Hz  Delay time  2.000E+0 -  5.500E+1  s  Integration periods 1 - 30   Stress  3.000E+0  Pa  FFT size 512

		72.5		25		3.12E+02		3.20E+01		9.76E+00		6.68E+02		5.23E-03		0.00E+00				Collect Lissajous

		77.5		25		3.34E+02		3.97E+01		8.41E+00		8.52E+02		5.59E-03		0.00E+00				Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		82.5		25		3.79E+02		4.96E+01		7.64E+00		1.07E+03		6.35E-03		0.00E+00				s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		87.5		25		4.10E+02		6.38E+01		6.43E+00		1.35E+03		6.87E-03		0.00E+00				#0				9/26/05 9:11

		92.5		25		4.50E+02		8.13E+01		5.53E+00		1.72E+03		7.53E-03		0.00E+00				55.1		25		1.00E-02		3.00E+00		6.86E-03		15		4.37E+02		4.23E+02		1.13E+02		6.96E+03		5.03E-05		0.00E+00

		97.5		25		4.81E+02		1.02E+02		4.71E+00		2.19E+03		8.06E-03		0.00E+00				216.3		25		1.44E-02		3.00E+00		5.79E-03		11.1		5.18E+02		5.09E+02		9.98E+01		5.73E+03		5.03E-05		0.00E+00

																				337		25		2.07E-02		3.00E+00		5.50E-03		9		5.46E+02		5.39E+02		8.50E+01		4.20E+03		5.03E-05		0.00E+00

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note				431.5		25		2.98E-02		3.00E+00		5.22E-03		8.4		5.75E+02		5.69E+02		8.43E+01		3.07E+03		5.03E-05		0.00E+00

		s		ºC		Pa		1/s		Pa s				Nm						506		25		4.29E-02		3.00E+00		5.03E-03		7.6		5.96E+02		5.91E+02		7.89E+01		2.21E+03		5.03E-05		0.00E+00

		#0				9/23/05 13:52														567.1		25		6.16E-02		3.00E+00		4.91E-03		7		6.12E+02		6.07E+02		7.40E+01		1.58E+03		5.03E-05		0.00E+00

		2.5		25		1.22E+02		1.13E+00		1.08E+02		2.38E+00		2.04E-03		0.00E+00				619.4		25		8.86E-02		3.00E+00		4.78E-03		7		6.28E+02		6.23E+02		7.64E+01		1.13E+03		5.03E-05		0.00E+00

		7.5		25		1.36E+02		1.43E+00		9.51E+01		8.80E+00		2.27E-03		0.00E+00				664.6		25		1.28E-01		3.00E+00		4.67E-03		6.5		6.43E+02		6.39E+02		7.24E+01		8.00E+02		5.03E-05		0.00E+00

		12.5		24.9		1.45E+02		1.80E+00		8.08E+01		1.68E+01		2.43E-03		0.00E+00				703.3		25		1.84E-01		3.00E+00		4.61E-03		7.2		6.50E+02		6.45E+02		8.10E+01		5.63E+02		5.03E-05		0.00E+00

		17.5		25		1.55E+02		2.26E+00		6.86E+01		2.69E+01		2.60E-03		0.00E+00				735.4		25		2.64E-01		3.00E+00		4.46E-03		7.4		6.74E+02		6.68E+02		8.70E+01		4.06E+02		5.03E-05		0.00E+00

		22.5		25		1.65E+02		2.95E+00		5.58E+01		3.96E+01		2.76E-03		0.00E+00				763		25		3.80E-01		3.00E+00		4.31E-03		7.3		6.96E+02		6.91E+02		8.82E+01		2.92E+02		5.03E-05		0.00E+00

		27.5		25		1.78E+02		3.60E+00		4.96E+01		5.61E+01		2.99E-03		0.00E+00				789.2		25		5.46E-01		3.00E+00		4.19E-03		7.6		7.18E+02		7.12E+02		9.49E+01		2.09E+02		5.03E-05		0.00E+00

		32.5		25		1.93E+02		4.49E+00		4.30E+01		7.62E+01		3.24E-03		0.00E+00				810.8		25		7.85E-01		3.00E+00		4.07E-03		7.7		7.39E+02		7.32E+02		9.95E+01		1.50E+02		5.03E-05		0.00E+00

		37.5		25		2.08E+02		5.66E+00		3.68E+01		1.01E+02		3.49E-03		0.00E+00				829.2		25		1.13E+00		3.00E+00		3.96E-03		8.1		7.62E+02		7.54E+02		1.08E+02		1.07E+02		5.03E-05		0.00E+00

		42.5		25		2.25E+02		7.13E+00		3.15E+01		1.33E+02		3.77E-03		0.00E+00				847.6		25		1.62E+00		3.00E+00		3.84E-03		8.3		7.90E+02		7.82E+02		1.14E+02		7.74E+01		5.03E-05		0.00E+00

		47.5		25		2.43E+02		9.14E+00		2.65E+01		1.73E+02		4.06E-03		0.00E+00				862.7		24.9		2.34E+00		3.00E+00		3.76E-03		8.7		8.16E+02		8.07E+02		1.24E+02		5.56E+01		5.03E-05		0.00E+00

		52.5		25		2.60E+02		1.22E+01		2.13E+01		2.27E+02		4.36E-03		0.00E+00				877.7		25		3.36E+00		3.00E+00		3.70E-03		9.1		8.49E+02		8.39E+02		1.34E+02		4.02E+01		5.03E-05		0.00E+00

		57.5		25		2.80E+02		1.55E+01		1.81E+01		2.95E+02		4.69E-03		0.00E+00				890.4		25		4.83E+00		3.00E+00		3.74E-03		9.5		8.81E+02		8.69E+02		1.46E+02		2.90E+01		5.03E-05		0.00E+00

		62.5		25		3.04E+02		1.96E+01		1.55E+01		3.84E+02		5.09E-03		0.00E+00				903.3		25		6.95E+00		3.00E+00		3.95E-03		9.9		9.21E+02		9.07E+02		1.58E+02		2.11E+01		5.03E-05		0.00E+00

		67.5		25		3.19E+02		2.55E+01		1.25E+01		4.92E+02		5.34E-03		0.00E+00				914		25		1.00E+01		3.00E+00		4.74E-03		10.1		9.65E+02		9.50E+02		1.70E+02		1.54E+01		5.03E-05		0.00E+00

		72.5		25		3.57E+02		3.15E+01		1.13E+01		6.38E+02		5.98E-03		0.00E+00

		77.5		25		3.75E+02		3.93E+01		9.54E+00		8.19E+02		6.28E-03		0.00E+00				Time		Temperature		Frequency		Stress		Strain		Phase		G*		G'		G"		Viscosity*		Torque		Note

		82.5		25.1		4.18E+02		5.00E+01		8.36E+00		1.04E+03		7.01E-03		0.00E+00				s		ºC		Hz		Pa				degree		Pa		Pa		Pa		Pa s		Nm

		87.5		25		4.51E+02		6.28E+01		7.19E+00		1.31E+03		7.56E-03		0.00E+00				#0				9/26/05 9:51

		92.5		25		4.93E+02		8.08E+01		6.10E+00		1.68E+03		8.26E-03		0.00E+00				55.1		25		1.00E-02		3.00E+00		6.38E-03		15.3		4.70E+02		4.53E+02		1.24E+02		7.48E+03		5.03E-05		0.00E+00

		97.5		25		5.20E+02		1.02E+02		5.09E+00		2.13E+03		8.71E-03		0.00E+00				216.2		25		1.44E-02		3.00E+00		5.27E-03		11.5		5.69E+02		5.58E+02		1.13E+02		6.29E+03		5.03E-05		0.00E+00

																				337		25		2.07E-02		3.00E+00		4.96E-03		9.3		6.05E+02		5.97E+02		9.83E+01		4.65E+03		5.03E-05		0.00E+00

		Time		Temperature		Stress		Shear rate		Viscosity		Strain		Torque		Note				431.5		25		2.98E-02		3.00E+00		4.76E-03		8.6		6.30E+02		6.23E+02		9.38E+01		3.36E+03		5.03E-05		0.00E+00

		s		ºC		Pa		1/s		Pa s				Nm						505.9		25		4.29E-02		3.00E+00		4.67E-03		7.3		6.43E+02		6.38E+02		8.17E+01		2.39E+03		5.03E-05		0.00E+00

		#0				9/23/05 14:29														567.1		25		6.16E-02		3.00E+00		4.49E-03		7		6.69E+02		6.64E+02		8.13E+01		1.73E+03		5.03E-05		0.00E+00

		2.5		25		1.14E+02		1.31E+00		8.73E+01		2.39E+00		1.91E-03		0.00E+00				619.3		25		8.86E-02		3.00E+00		4.40E-03		7.5		6.81E+02		6.75E+02		8.89E+01		1.22E+03		5.03E-05		0.00E+00

		7.5		25		1.26E+02		1.44E+00		8.80E+01		8.78E+00		2.12E-03		0.00E+00				664.6		25		1.28E-01		3.00E+00		4.27E-03		7.1		7.03E+02		6.97E+02		8.68E+01		8.74E+02		5.03E-05		0.00E+00

		12.5		25		1.36E+02		1.79E+00		7.61E+01		1.70E+01		2.28E-03		0.00E+00				703.2		25		1.84E-01		3.00E+00		4.15E-03		7		7.23E+02		7.18E+02		8.77E+01		6.26E+02		5.03E-05		0.00E+00

		17.5		25.1		1.46E+02		2.28E+00		6.41E+01		2.71E+01		2.44E-03		0.00E+00				735.4		25		2.64E-01		3.00E+00		4.06E-03		7.4		7.39E+02		7.33E+02		9.57E+01		4.46E+02		5.03E-05		0.00E+00

		22.5		25		1.55E+02		2.87E+00		5.38E+01		4.01E+01		2.59E-03		0.00E+00				762.9		25		3.80E-01		3.00E+00		3.93E-03		7.4		7.64E+02		7.57E+02		9.79E+01		3.20E+02		5.03E-05		0.00E+00

		27.5		25		1.67E+02		3.66E+00		4.57E+01		5.64E+01		2.80E-03		0.00E+00				789.1		25		5.46E-01		3.00E+00		3.83E-03		7.6		7.85E+02		7.78E+02		1.04E+02		2.29E+02		5.03E-05		0.00E+00

		32.5		25		1.79E+02		4.74E+00		3.78E+01		7.75E+01		3.01E-03		0.00E+00				810.7		25		7.85E-01		3.00E+00		3.72E-03		7.8		8.08E+02		8.01E+02		1.10E+02		1.64E+02		5.03E-05		0.00E+00

		37.5		25		1.80E+02		6.49E+00		2.77E+01		1.05E+02		3.01E-03		0.00E+00				829.1		25		1.13E+00		3.00E+00		3.60E-03		8		8.37E+02		8.29E+02		1.17E+02		1.18E+02		5.03E-05		0.00E+00

		42.5		25		1.99E+02		7.84E+00		2.54E+01		1.42E+02		3.33E-03		0.00E+00				847.5		25		1.62E+00		3.00E+00		3.50E-03		8.4		8.65E+02		8.56E+02		1.26E+02		8.48E+01		5.03E-05		0.00E+00

		47.5		25		2.22E+02		9.74E+00		2.28E+01		1.85E+02		3.72E-03		0.00E+00				862.6		25		2.34E+00		3.00E+00		3.42E-03		8.8		8.96E+02		8.86E+02		1.37E+02		6.11E+01		5.03E-05		0.00E+00

		52.5		25		2.39E+02		1.22E+01		1.96E+01		2.41E+02		4.01E-03		0.00E+00				877.6		25		3.36E+00		3.00E+00		3.38E-03		9.1		9.26E+02		9.15E+02		1.47E+02		4.39E+01		5.03E-05		0.00E+00

		57.5		25		2.61E+02		1.56E+01		1.68E+01		3.13E+02		4.38E-03		0.00E+00				890.3		25		4.83E+00		3.00E+00		3.41E-03		9.6		9.58E+02		9.45E+02		1.60E+02		3.16E+01		5.03E-05		0.00E+00

		62.5		25		2.80E+02		2.00E+01		1.40E+01		4.02E+02		4.69E-03		0.00E+00				903.2		25		6.95E+00		3.00E+00		3.62E-03		10		9.91E+02		9.76E+02		1.73E+02		2.27E+01		5.03E-05		0.00E+00

		67.5		25		3.06E+02		2.50E+01		1.22E+01		5.16E+02		5.13E-03		0.00E+00				913.9		25		1.00E+01		3.00E+00		4.37E-03		10.6		1.02E+03		1.00E+03		1.87E+02		1.62E+01		5.03E-05		0.00E+00

		72.5		25		3.28E+02		3.15E+01		1.04E+01		6.59E+02		5.49E-03		0.00E+00

		77.5		25		3.55E+02		4.03E+01		8.80E+00		8.46E+02		5.94E-03		0.00E+00

		82.5		25		3.99E+02		5.00E+01		7.98E+00		1.06E+03		6.68E-03		0.00E+00

		87.5		25		4.28E+02		6.36E+01		6.72E+00		1.35E+03		7.16E-03		0.00E+00

		92.5		25		4.70E+02		8.07E+01		5.83E+00		1.71E+03		7.88E-03		0.00E+00

		97.5		25		5.06E+02		1.02E+02		4.98E+00		2.18E+03		8.49E-03		0.00E+00






