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SUMMARY OF MINUTES

The annual meeting of NC-1023 was held at the Skelton Conference Center, Virginia Tech, Blacksburg, VA during October 8-10, 2006.  The meeting was chaired by K. Muthukumarappan (S. Dakota) and hosted by K. Mallikarjunan (Virginia).  

Most participants arrived on Sunday (10/08/06).  Four ad-hoc committees (nanotech, oil quality, high pressure processing and modeling) held their meetings from 3:00 to 5:00 pm.  Afterwards the Steering committee met to discuss the future of CoFE meetings. In the evening, there was a dinner reception at Seitz Hall.  

The formal meeting started at 8:00 am on Monday 10/09/06 with a welcome address from Dr. Saied Mostaghimi, Professor and Department Head, Biological Systems Engineering and Dr. Sharron Quisenberry, Dean of the College of Agriculture and Life Sciences. 

Introductions: All the attendees introduced themselves. 

Welcome by BSE Dept head: Kumar introduced Dr. Saied Mostaghimi (Head, BSE) to the group. Mostaghimi talked about the department’s faculty and enrollments; there are 30 faculty and 20 staff members, 180 undergrads, 50 grads). 
Administrative Advisor Report (D. Lund): Talked about the importance of change and transformations for the future.  He also discussed NIMSS and the importance of keeping email addresses current in NIMSS.  We should use NIMSS as a repository for the annual reports, three people can be given permission to post information on NIMSS. He will also check on the possibility of creating a message board/chat room on NIMSS. He is considering nominating this committee for a secretaries award.  He discussed the CREATE21 committee with the goal of doubling the Ag. funding in seven years.  We really need to capture the impact of this committee.  Finally, Daryl announced that he will be stepping down as AA due to his retirement in January.  Please send nominations to Daryl for replacement AA.

USDA Rep Report: Chen announced that there will only be one panel for 71.1 this year. Average 150 proposals each year, average success rate is 13-14 percent. Chen talked about USDA-NRI integrated proposal involving teaching/ research/extension in 71.1. He indicated that there are few participants in the integrated category which can include a component in technology transfer, industrial participation and extension.

Future of CoFE: Dennis Heldman and Kumar, Karwe discussed the future of CoFE meetings.  Last year was the 9th CoFE meeting.  The initial need was the fact that many of the food engineers were from a wide range of disciplines and wanted to foster networking, secondly to get a large group of industry representatives together to discuss food engineering research.   A proposal was put forward with four objectives: 1. NC-1023 serve as owner of CoFE, 2. a subcommittee serve as technical program, 3. create an industrial advisory group, and 4. a second subcommittee which will be responsible for the meeting site.

Three options were proposed for the future meetings in conjunction with: ASABE, IFT, or NC-1023.  Focus is primarily invited speakers to discuss research and applications interface.  Deadlines are October 19 and 22 for ASABE and January for IFT for a 2007 CoFE conference.  
Action item: A motion was made to determine if NC-1023 should take the leadership role to host CoFE (votes 10 yes, and 6 against, remaining abstain).  No support for CoFE 2007, support for 2009 was 14 yes votes. 

STATION REPORTS (presented alphabetically).  (Abbreviated Station Reports are attached as Appendix)

· CA: K. McCarthy reported on Obj. A & D.  A permanent magnet for inline measurements will be arriving soon.  Singh’s work on CFD modeling of fluid flow for cooling of clamshell packages of berries.  McCarthy, McCarthy & Datta will be collaborating on moisture transport models.  Potential for collaboration in extrusion subcommittee incorporating fruit and vegetables pomace into grain products. IMPACT: Journal of Textural studies coming out soon.

· DE: no report

· FL: A. Teixeira presented news on new textbook titled: Food Physics: measurement of physical properties from Springer Press.   

· GA: W. Kerr reported on physical and rheological properties in nuts and R. Toledo’s work on high pressure processing of soy products. 
· GUAM: Yang is the first food scientist at U. of Guam.  Discussed the background of Noni as a folk medicine, juice, soaps, sprays, etc.  Traditionally it is fermented juice.  Studying the effect of light on antioxidant activity, measuring the effect process and storage on kinetics of degradation.  Next year he will work towards measuring the kinetic parameters.
· ID: Singh moved to Texas Tech.

· IL: G. Padua reported on zein, corn protein to develop biodegradable packaging films.  Zein creates lamellar structures and tubes due to liquid crystalline phases.  These various structures can be used for protection of bioactive compounds, controlled release, and novel food formulations.

· IN: M. Morgan reported on collaboration with IL, CA, OH on a Higher Education challenge grant for virtual experiments in food processing.  He also reported on a future collaboration with TX (R. Moreira) using UV and E-beam polymerization to embed enzymes or antimicrobials onto food contact layer of packaging.

· KY: F. Payne discussed the automation of coagulation and syneresis of cheese during processing. The goal is to develop a sensor to identify the end-point of the syneresis step. Predictions include whey fat losses, curd yield and moisture during syneresis. This work was in infrared region at 980 nm.

· LA:  C. Sabliov discussed modeling of a continuous microwave heating system and then the targeted, controlled-release of bioactive components via polymeric nanoparticles.  Magnetic particles can be included in particles to manipulate the particles and control release of active ingredient.  The main method of creating nanoparticles is the evaporation of microemulsions.

· MD: Not present
· MI: K. Dolan presented the estimation of kinetic parameters for dynamic processes using varying temperature methods and nonlinear regression with integral form.  China has twin-screw extruders for $14k.

· MN:  R. Ruan reported on Obj. A: NMR measurement of physicochemical properties of foods.  Relaxation times vary with temperature and moisture and can be used to predict stability of products.  Non-thermal plasma for disinfection of almonds, continuous, pulsed electric field for treatment of milk with no contact.  Obj. C; study of water distributions in cheese and bread for stability analysis.

· MO: Not present

· NASA:  M. Perchonok reported on the goal to go to Mars, 6 months travel, 18 months on surface and 6 months return.  Moon landing is planned for 2020.  Habitat will be built on the moon in 2023 – 2028.  Looking at food packaging to eliminate foil overwrap.  Also looking at effects of irradiation on products as a collaboration between Purdue and ISU.

· NC: C. Daubert reported that he and Steffe (MI) published a book, and their grad level rheology course will be available soon via distance education.  Chris discussed the microstructure and functionality of processed cheese: the role of milkfat (Obj. B) in collaboration with Hartel and Wisconsin.  The effect of cooling rate and pH on processed cheese, lipid-protein interactions.  The goal is to optimize cooling schedules to get best quality attributed in processed cheese. 

· ND: S. Panigrahi presented intelligent quality sensors for food safety.  (Obj A) By analyzing the headspace over meat samples, quantifying the indicator compounds and using this to sense salmonella contamination.  Other applications include fusarium in grain and spoilage of soymilk.

· NE:   J. Subbiah reported on hyperspectral imaging for predicting beef tenderness.  (Obj A).  Forty parameters are extracted from the hyperspectral images including reflectance and textural features.  Results show good results 96.4 % accuracy for categorizing the samples into three categories. 

· NJ: M. Karwe presented extrusion puffing of amaranth grain and the analysis of squalene antioxidant.  Obj D:  temperature and pressure distribution of material in a high pressure processing system. Kokeini’s work on bubble formation.  

· NYI: (Obj. D) A. Datta discussed the steps towards making simulation of food processes a design tool.

· NYG: Not present
· OH:  G. Kaletunc presented the science and engineering of ice cream.  This is an experiment that is used in classes for looking at mass and energy balances during freezing along with a torque and Reynolds number calculation.

· OR: A. Torres discussed HPP-moderate temperature effects on pressure assisted pasteurization of milk.  Identifying the effects of high pressure on the reaction kinetics of quality attributes of milk.  Most products had a negative slope with respect to increasing pressure.  Also discussed the studying the effect of chemical germinants on spore germination.   

· PA: S. Anantheswaran presented results of yield stress measurements in chocolate using a vane shear method.  Results were compared to the NCA/CMA method. 

· SD: K. Muthukumarappan discussed.

· TN:  Q. Zhong reported on the superstabilization of foams and emulsions by hydrophobic cellulose particles.  Microrods can increase the stability of foams up to 20 days instead of hrs.  Results showed that particles are good foam stabilizers but the individual macromolecules are not.  Cellulose particles could be used as a delivery system since they are stable at low pH and not at higher pH.  F. Harte reported on structure and function of casein micelle and effects of high pressure homogenization.  He also discussed protein - polysaccharide interactions and quaternary structure and high pressure homogenization as a food safety treatment.  He recommends that everyone submit proposals to National Labs as a source of support.

· TX: P. Takhar (Texas Tech) reported on a Fractional Differential Equations based approach to modeling of microbial inactivation kinetics.  A two term FDE model can fit the microbial data better than Weibull.

· VA:  K. Mallikarjunan reported on (Obj A and B).  OBJ. A: Use of ultrasound for detecting “old maids” in popcorn has been completed.  Low attenuation of low velocity indicates poor popping.  Grape maturity evaluation using electronic noses. (OBJ B):  nitrogen pressure and vacuum frying.  Vacuum frying results in more juicy and higher moisture crust. Extraction of polyphenols and antioxidants with microwave assisted temperature and pressure control.  Needs equipment for extraction.
· WI:  R. Connelly reported (Objs A & C, D) on work with food mixing and process simulation.  Modeling of a mixer matched very well with experimental results. Also reported on simulation of lactose crystallization during mixing in a crystallizer.  

MEETING RECONVENED AT 8:00 AM ON TUESDAY 10-10-06

AD-HOC COMMITTEE REPORTS

· Oil Quality committee: Kumar reported that the work is completed and the results should be coming out soon.
· Nanotech committee:  C. Sabliov reported on the nanotechnology subcommittee.  There are 15 members of the committee. Several areas of common interest were identified.  The goal is to collaborate, publish, and hold a workshop or student exchange.  Students are welcome to visit LA to learn her methods.
· Impingement committee: Kumar nothing to report.

· HPP committee: A. Torres reported that the plan is to test samples in one vessel next year to study reation kinetics for thermal degradation and write a joint NRI proposal.

· Modeling Committee: A. Datta reported that problem formulation is the main bottleneck in the modeling process, i.e. getting from the physical to the mathematical description.  The website has several examples of models formulated for several operations.  More are needed.  What is the mechanism for distribution.  Datta suggested a wiki format for food process modeling.  

· Gels Committee: C. Daubert (NC), described results of a gel comparison study to look at the repeatability of creating the same gel at different stations and determining if measurements were comparable across machines at different stations.  A report was submitted and the committee work is done. (report available from NC State)
NEW AD-HOC COMMITTEE: S. Panigrahi proposed a new ad hoc committee on international food systems research.  India has money available for research projects.  Any interested stations should contact Suranjan.
BUSINESS MEETING: Graciela Padua  was nominated as Secretary of NC1023 committee.

Penn State Meeting:  The next meeting will be from Sept. 30 - Oct 2, 2007 at Penn State University.  Local host would be S. Anantheswaran.    Sunday afternoon start, some ad hoc committees will meet before and after the social.  Monday will be all station reports.   Group dinner, Tuesday discussion on ad hocs and next years meeting.  Send ideas for meeting to Swamy and Kathryn.  Our own folks will be selected for dinner and keynote talks.

Muthu will determine the limit on size of attachments that can be sent via NIMSS and let people know the status of the listserv.

The venue for future meetings are identified and they are 2008 – Tennessee; 2009 - 

________________________________________________________________________

Officers for the coming year:


Chair: Kathryn McCarthy


Vice Chair: Mark Morgan

Secretary: Graciela Padua
Minutes submitted: 11/17/2006
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Mark Morgan



Dr. Daryl Lund

NC-1023 Secretary, 2006


Administrative Advisor, 2006
APPENDIX A

Abbreviated Station Reports of NC-1023 Committee

CALIFORNIA

	Dr. 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

Fax:      530 752 5293


Scientists: R. Paul Singh, Michael J. McCarthy, Kathryn L. McCarthy

Objective A: 

Research continues to develop in-line measurement of rheological properties using magnetic resonance imaging (MRI).  This technique combines measurements of a fluid velocity profile, obtained by MRI, and a simultaneous pressure drop to evaluate shear viscosity of fluids flowing in viscometric pipe flow.  Current work focuses on the miniaturization of the MRI-based in-line viscometer, which has promising applications in process control and quality assurance.

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 agricultural produce, in order to improve cooling rate and uniformity.  Production of ready-to-eat boiled eggs is rapidly expanding. The cooling of boiled eggs before peeling is a significant part of the production. Use of water immersion is a traditional way for faster cooling. Utilization of water causes waste water problems with potential cross-contamination. Air impingement systems could be an effective way for cooling purposes.

Objective D: 

Continuing our work to study fluid flow and heat transfer in clam shell packages used for berry fruit, a transparent set up suitable for PIV measurements of a typical 0.5 kg strawberry package structure, scaled to 1/2, was developed. The fruits were modeled using 22 fused silica spheres of 1.6 cm diameter, arranged in a cubic centered distribution. An improved characterization of fluid flow in packages provides new information to design the next generation of packages that minimizes non uniform heat transfer during cooling of packaged berries.
DELAWARE

	Dr. Cathy Davies

Assistant Professor

Department of Animal and Food Sciences

University of Delaware

Newark DE 19717
	Email: cdavies@udel.edu

Tel: 302-831-3029

Fax: 302-831-2822




Nothing reported
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

Fax:      352-392-4092


A. A. Teixeira, Station Representative, M. O. Balaban and B. A. Welt, Station Participants

Objective A  (Measurement of Properties)

Textbook on Physical Properties of Foods: 

While on sabbatical leave in Germany, co-authored English translation of new German textbook entitled “Food Physics: Physical Properties, Measurement and Application”. Authors are Ludger O. Figura from University of Apllied Sciences in Bremerhaven, Germany and Arthur A. Teixeira from the University of Florida in Gainesville, FL, USA. Contents include water activity, sorption phenomena, mass and density, size and shape, mechanical properties, rheological properties, surface phenomena, mass transfer, thermal properties, electrical properties, magnetic properties, electromagnetic properties, optical properties, color measurement, acoustic properties, radioactivity, and on-line sensing and automation.

Objective B  (Measurement of Kinetics)

Bioprocess Conversion Kinetics: 

Initiated new project on conversion of biomass (sugar beet tailings) into energy (natural gas) and compost through anaerobic digestion, as an opportunity for commercial application of NASA space-based technology to benefit the beet sugar industry. American Crystal Sugar generates 400 tons of sugar beet tailings daily. These tailings are a waste by-product of the raw sugar beet receiving, handling and washing operations. Currently, the company pays to have this material hauled away. At the same time the company purchases millions of cubic feet of natural gas daily to fire the rotary kiln dryers used in processing the spent beet pulp into animal feed pellets. Anaerobic digestion of the sugar beet tailings into methane and compost could substantially reduce the cost of energy and waste management for American Crystal Sugar. Measurement of conversion kinetics at different temperatures and feedstock pretreatments is currently underway.

Objective D  (Modeling)

1.
Thermal Processing:

Work continues at the FL station in furthering the development of improved heat transfer models for thermal process simulation. Work accomplished during the past year focused on participation in FDA/USDA workshops and short courses in South America (Peru and Columbia) to help foreign manufacturers of canned foods learn how to comply with FDA Low-acid Canned Food Regulations in order to successfully export their products to markets in the USA.

2.
Development of an Ohmic Thawing Model for Frozen Food Blocks 

Work is nearly completed in modeling the complex heat generation and conduction phenomena occurring during ohmic thawing of frozen foods.  A three-dimensional mathematical model for ohmic thawing of a rectangular frozen food block is being developed.  Voltage field distribution will be calculated.  Resistance will be a function of phase and temperature, resulting in a current density distribution upon which heat generation will depend.  A finite difference heat generation and conduction model is being developed.  Heat generated will be used in either increasing the temperature of a control volume, or in changing the phase of the frozen food.
Publications:  

1. Figura, L.O. and Teixeira, A.A. “Food Physics: Physical Properties, Measurement and Application”, Springer Press, Heidelberg, Germany (in-press).

2. Teixeira, A. A. & Balaban, M. O.  "Computer software for on-line correction of process deviations in batch retorts." in Sandeep, K. P.. "Thermal Processing Control and Automation." Ames, Iowa, USA: Blackwell Publishers.

3. Teixeira, A. A.  "Simulating Thermal Food Processes Using Deterministic Models." in Sun, D.. "Thermal Food Processing: Modeling, Quality Assurance and Innovation." Boca Raton, Florida, USA: Francis Taylor Group, LLC.

4. Teixeira, A. A.  "Mechanistic models of microbial inactivation behavior." in Brul, S., Zwietering, M. & Gerwen, S. v.. "Modeling Microorganisms in Foods." Cambridge, England, UK: Woodhead Publishing Limited.

5. Teixeira, A. A., Simpson, R. & Almonacid, S. 2005  "Advances with intelligent on-line retort control in thermal processing of canned foods.."  Food control.  Submitted.

6. Teixeira, A. A., *Flood, S. J. & Burks, T. F. 2006.  "Physical properties of oranges in response to applied gripping forces for robotic harvesting.."  Transactions of the ASABE.  Submitted.

7. Teixeira, A. A., *Khurana, A. & Chynoweth, D. P. 2006.  "Ozone treatment to prevent microbial growth in air handling systems for controlled environments in agricultural, home and commercial applications."  Journal of Agricultural Safety and Health.  Submitted.

8. Teixeira, A. A., Simpson, R., *Figeroa, I. & *Llanos, D. 2006  "On-line correction of process deviations without extending process time in batch retorting of canned foods"  Food control.  Submitted.
9. Teixeira, A. A., Simpson, R. & Almonacid, S. 2006  "What happened to botulism from canned foods? IFT Food Technology "Perspective".  Institute of Food Technology (IFT).  April 2006 Issue of Food Technology.

10. Teixeira, A. A. 2006  "Food Engineering Supporting Space Mission to Mars."  Cover feature in March 2006 issue of Food Science and Technology, London, UK.

GEORGIA

	Dr. Romeo Toledo

Professor

Department of Food Science and Technology

University of Georgia

Athens, GA 30609
	Email: cmsromeo@uga.edu
Tel: 706-542-1079

Fax: 706-542-1050




Objective A:

1. Rheological


The rheological properties of several food materials have been examined at UGA.  Abegaz and Kerr examined changes in texture/rheology and microstructure in peanut pastes as a function of moisture content.  They found that water produces a harder, less cohesive peanut butter and that this was related to disruption of the oil phase and aggregation of protein bodies.  As part of continuous high pressure processing Sivanandan and Toledo studied the changes in rheology of soymilk made from whole de-hulled beans subject to a continuous high-pressure throttling.  Wicker, Chakrabandu, and Singh studied the rheological properties of coarse food suspensions in tube flow at high temperatures.  This consisted of a non-Newtonian carrier fluid (1.5% CMC) with 15-30% v/v green peas.

2. Thermal and thermodynamic


Patel and Toledo measured fluid to particle heat transfer coefficients in holding tubes having circular non-circular cross-section. This was accomplished using finite-difference modeling of inactivation of Bacillus stearothermophilus immobilized in aqueous gellan particles.  Kerdpiboon and Kerr have used fractal analysis combined with artificial neural-network models to predict the physical properties of vegetables undergoing hot-air, low-pressure superheated steam, and freeze drying models.  These models were quite good for predicting shrinkage and rehydration properties of dried products.
6. Volatiles


Abegaz and Kerr used SPME fibers to isolate roasted peanut flavors that develop during roasting, and how these are related to moisture and other process ingredients.  They found that water incorporated or migrating during processing causes diminished alkylpyrazines that contribute to roasted flavor, but may diminish lipid oxidation byproducts.
Objective B: 

2. Chemical reactions


Rincon and Kerr examined the loss of Vitamin C in dehydrofrozen mango, and found that additives used to control the glass transition Tg’ could be useful for controlling the loss of Vitamin C in freezing and storage.  Kerr and Abegaz have also been developing statistically-based quantitative structure-property (QSPR) models to predict the differential solubility and volatility of alkylpyrazines that contributed to roasted flavors and aromas.

3. Microbial kinetics

Doyle et al studied inactivation kinetics of clove oil used to treat the surface of RTE refrigerated poultry products.  They found that 1 or 2% clove oil inhibited growth of Listera monocytogenes on frankfurters stored at 5 and 15°C.  Hung and Russell studied the efficacy of alkaline and acidified electrolyzed water in preventing and removing faecal contaimants and killing Campylobacter jejuni on poultry carcasses.  They tested immersion and spraying techniques, and found that post-spraying and immersion were useful processes for educing microbial population.  Hung and Frank have also examine the use of EO water to treat Listeria monocytogenes biofilms on stainless steel surfaces.  they found that acidic EO water was useful for reducing the viable bacterial populations in te biofilms.  Frank et al developed a predictive model for heat inactivation of Listeria monocytogenes in monoculture.  This model may be useful in the selection of hot water sanitation processes for rubber surfaces.

4. Enzyme kinetics

Chinnan and Phillips studied the effects of temperature on the thermal inactivation kinetics of phytase in cowpea meal, as a function of moisture content.  This work was aimed at preventing or reducing hard-to-cook defect in legumes.  

Objective D: 

1. Thermal processes


Toledo and Kerr have been investigating higher temperature retort processing for retortable pouches.  This has resulted in an MRE egg product developed for military rations, with improved color, texture and flavor.  Kerdpiboon, Devahastin and Kerr have been studying the use of low-pressure superheated steam as a drying process for vegetables.  Work with carrot and potatoes show that better flavor, less shrinkage, and better rehydration can be achieved with this approach.

2. Alternative processes


Work continues with continuous high-pressure throttling as an alternative or supplement to thermal processing of beverages.  Peck and Toledo developed a shelf stable blueberry-whey beverage by CHPT.  Savindandan and Toledo are working on CHPT processed soil milk, which provides a smooth whole bean soymilk.  Kerr and Cavender are investigating cold pasteurization of milk to be used for artisan cheeses.  Hung and coworkers have further investigated electrolyzed water for microbial inactivation of products and surfaces.  This includes the use of various application techniques, and the use of alkaline or acidic EO water.


Research is also ongoing on the use of hydrodynamic cavitation for inactivation of microorganisms.  Milly and Toledo have found that cavitation works synergistically to produce up to 5 log reduction in vegetative cells in apple and orange juice.  They are currently building a system to combine cavitation with ultraviolet radiation for further microbial destruction, and to ensure reduction of spores.  Finally, Nelson and Singh have been studying the use of a submerged ultrafiltration system for the treatment of chiller water in poultry processing wastewater, as well as the use of a membrane bioreactor system for the treatment and reuse of effluent from poultry processing wastewater.
Guam

	Dr. Jian Yang

University of Guam


	Email:  jyang@guam.uog.edu

Phone:  671-735-2004

Fax:     


I.
Progress of Work and Principal Accomplishments

Objective B – To measure and model process dependent kinetic parameters which affect food quality and safety attributes

Noni (Morinda citrifolia L), a tropical medicine plant, has been traditionally used as a folk medicine to treat a broad range of diseases for over 1000 years. The unsubstantiated claims of noni products include immune system stimulant, anti-tumor/anti-cancer activity, menstrual cycle regulation, blood cleanser, and health benefit to internal disorder, kidney problems and nervous system. Some biological chemicals such as glycosides and polysaccharides isolated from noni fruits, roots and leaves demonstrate free radical scavenging activity and anti-cancer effects. Noni products are suggested as a supplemental agent in cancer treatment. Noni fruit possesses an antioxidant capacity at the level of 1880 ORAC unit. Processing and storage affect functional quality of noni products. The objective of this research is to study the effect of light on the antioxidant activity of noni juice and noni powders.  

II.
Usefulness of Finding

The light treated noni juice exhibited a loss of antioxidant activity significantly faster than non-light treated noni juice within 1 month. Light treated noni powder exhibited a loss of antioxidant activity significantly faster than non-light treated noni powder after two months. After storage for 11 weeks, noni juice lost a fast kinetic reaction to DPPH radicals, while noni powder retained the fast kinetic reaction to DPPH radicals. Antioxidant degradation in noni juice was about 3 times greater than in noni powder during storage for 2 months. 

III.
 Work Planned for the Next Year

The planned work for the next year is to calculate the kinetic parameters of previous data of noni juice and noni powder as affected by heat and light.  

IV.
Publications and Presentations

Yang J, Paulino R.J., Gadi, R.L. 2006. Anti-radical activity and total phenolics of Noni (Morinda citrifolia, L.) products affected by light during storage. The 2006th IFT Annual Meeting & Food Expo, Technical Program: 54F-30.
ILLINOIS

	Dr. Graciela Padua

University of Illinois

1304 W. Pennsylvania Avenue

Urbana, IL  61801
	Email:  gwpadua@uiuc.edu
Phone:  217 333 9336

Fax:      217 333 9329


Alternative Virtual Experiments for Food Processing Education,  Hao Feng

In this multi-institutional project, University of Illinois is in charge of developing three virtual laboratory modules, concentration of sugar solution, microwave and fluidized bed combined drying of diced apples, and power ultrasound inactivation of Escherichia coli K12 in apple cider. 

In the past six months, we have conducted evaporation experiments with a falling film evaporator (Compact falling film evaporator, Anhydro) using sugar solution as a model food. Sucrose solution was prepared at room temperature from granulated white sugar (sucrose) and deionized water.  The initial concentration of the sugar solution was 10 % (w/w).  Three temperatures (51, 60, and 70oC) were used in evaporation.  The flow rate was set at 6.2 kg/min for all samples. The evaporator was working under the close-circulation mode.  A series of samples were collected with 5 min interval for sugar concentration determination and color evaluation.  The collected samples were cooled down to the room temperature before sucrose concentration and color evaluation.  Sugar concentrations were measured using a refractometer (Baush Lome) and color was measured using a Hunter colormeter (Hunter lab scan, Hunter laboratory) to obtain L, a, and b values.  A simple analysis was conducted to obtain evaporation rate as a function of temperature and time. The color changes during evaporation were also linked to temperature and evaporation time with regression equations. A document used for virtual lab has been prepared. 

The data collection for the microwave drying module has been finished in this summer. Evaporated apples (31% moisture content, dry basis) were used in the drying tests. The microwave power densities were 1.2, 1.4, and 1.6 W/g. The weight loss data as a function of drying time were obtained. Quality changes of apple samples dried with different drying conditions were also collected that include color readings, bulk density, and rehydration capacity. 

The data collection for ultrasound inactivation module will be conducted in the next six months. 

Zein Nanofabricated Biomaterials, Graciela W. Padua

Micro and nanopatterning of proteins and other biomolecules on to various surfaces is currently a focus of attention, linked to the development of biosensors and tissue scaffolding. Patterning is expected to produce templates that control the spatial distribution of attaching biochemicals and cells.  Dip-pen nanolithography (DPN) is a novel technique used to form patterns of chemical compounds with nanoscale precision. In this work, zein was used to produce a layer of protein of hybrid of hydrophilic/ hydrophobic surface. Patterned protein layers are expected to find application in the construction of self-assembled structures. Zein self-assembly properties, biocompatibility, and biodegradability make it a promising material for construction of tissue scaffolding and drug delivery vehicles. 

Zein adsorption on nanopatterned templates containing hydrophilic and hydrophobic regions was investigated. Nanopatterns consisting of lines, dots, and grids were generated by dip-pen nanolithography using 16-mercaptohexadecanoic acid as primary ink and 18-octadecanethiol as backfill ink. Zein was allowed to adsorb on patterned surfaces from ethanol-water solutions. The topography of zein deposits was observed by atomic force microscopy. Zein followed closely the template of nanopatterned surfaces and self-assembled into high raised structures on -COOH surfaces but showed low laying coverage on -CH3 surfaces. Resulting zein patterns showed a high degree of edge definition resulting from effective nanopatterning and the ability of zein molecules to orient themselves and self-assemble according to the ink character. Zein supramolecular structures may find application in construction of cell growth scaffolding.
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Objective A: 

A1:  Dr. Mauer:  High Pressure Processing effects on beta-casein:

β-casein is the second most abundant, most hydrophobic protein in milk. Its functions (e.g. emulsifying, cheese ripening, foaming) are dependent on its structure and location in dairy products. Temperature governs β-casein migration to and from the casein micelle as well as self association. Although many studies have focused on β-casein, information is limited on the effects of high pressure processing (HPP) or temperature sequences on structure and location of β-casein. 

The objectives of this study were to: 1) develop a protocol for isolating β-casein from fresh milk, 2) determine the effects of temperature and HPP on the secondary structure and micellization of β-casein, and 3) determine the effects of temperature and HPP on the location of β-casein.

Pure gram quantities of β-casein were isolated using solubility characteristics in calcium chloride buffer, and the isolated β-casein had less impurities (e.g. β-casein hydrolysis) compared to commercially available β-casein. Data from Circular Dichroism and Fourier Transform Infrared Spectroscopy indicated that heat treatment (4-80˚C) significantly affected the structure of β-casein. The β-sheet, β-turn, and α-helix structures of β-casein increased significantly (29% at 4˚C to 40% at 80˚C) at the expense of the random structure, and these changes were reversible. On the other hand, HPP did not significantly affect the structure of β-casein. Data from Analytical Ultracentrifugation indicated that temperature affected the micellization of β-casein. A fluorescent labeling method was developed to track and quantify the location of labeled β-casein in a model dairy system. Using Urea-PAGE and the fluorescence labeling method, β-casein was found to be more soluble in the supernatant fraction at low temperature (4.5% at 80˚C to 13% at 4˚C), and this solubility was reversible. HPP (100-450 MPa) increased the amount of β-casein in the non-sedimented casein fraction from skim milk; however, amounts of fluorescently labeled β-casein in fractions of model systems (casein micelle, non-sedimented casein, and supernatant) were not affected by HPP (100-300 MPa). Overall this research contributed to the understanding of the structural properties and location of β-casein with respect to heat treatments and HPP. The isolation and fluorescent labeling methods developed will be useful for future studies.

A2:  Dr. Mauer: NASA Food System:

Food must be safe, nutritious, and acceptable throughout a long duration mission to maintain the health, well-being, and productivity of the astronauts. In addition to a pre-packaged food supply, the ALS NSCORT proposes to utilize crops to provide food and oxygen for astronauts.  Research is required to better understand the ability to convert edible biomass into safe, nutritious, and acceptable food products in a closed system with many restrictions (mass, volume, power, crew time, etc.). An understanding of how storage conditions encountered in a long-term space mission will impact food quality is also needed. High levels of radiation encountered on a mission to Mars will provide a threat not only to human health but also to the stability of the food, hence radiation is one of the top three concerns for a Mars mission (Wald, 2003). The focus of this project is to provide the highest quality food possible for the duration of a mission by combining shelf-stable extended shelf-life foods and bulk ingredients with crops grown in space, to characterize the impact of space-relevant radiation doses on food quality and antioxidant capacity, and to provide quantitative measures of ESM components related to the food system when possible. 

Research efforts for 2005-2006 focused on: 1) characterizing the effects of space-relevant radiation doses of gamma-radiation on select foods, food ingredients, and dietary supplements and identifying threshold radiation levels for quality changes, and 2) characterizing the impact plant cultivars and growth conditions have on nutrient profiles, antioxidant capacity, functionality, and acceptability of foods.

Radiation Effects on Oils

Radiation can initiate a process known as autoxidation, where an initiator species reacts with the lipid, removes a hydrogen, and produces a lipid free radical. This lipid free radical can then react with other fatty acids and produce an accelerating chain reaction of similar events during propagation.  Products of this oxidation of fatty acids include peroxides, alcohols, aldehydes, and carbonyls. Further reactions with these products lead to off odors and flavors accustomed to rancid fats. Additionally, essential fatty acids may be oxidized, and this could compromise the long-term health status of the astronauts depending on the magnitude of the essential fatty acid loss. Studies using soybean and peanut oils (with and without added antioxidant, irradiated at 0, 3, 10, 100, 200, 400, 600, 800, and 1000Gy, and stored at 65ºC) found that addition of 0.02% TBHQ (antioxidant) reduces total oxidation and delays oxidation maxima from 7 months to 42 months for soybean oil and from 21 to 49 months for peanut oil. The presence of the antioxidant and the length of storage overshadowed any impact of radiation (0 – 1000Gy) on the stability of the isolated oils. Appropriate selection of antioxidant additives as well as packaging systems likely will provide oils stable for at least 40 months in long-duration mission habitats. However, preliminary results indicate that oils in soybeans and peanuts are not as stable to radiation as the isolated oils and thus are more likely to develop off-aromas and flavors at lower radiation doses.

Radiation Effects on Antioxidants

Radiation doses during transit and on the surface of Mars are expected to be as high as 3 sieverts (approx. equivalent to 3 Gy), excluding solar events. Studies have shown that antioxidants may provide long term health protection from oxidative stress caused by radiation exposure; therefore, to counteract the impact of elevated radiation exposure on astronaut health, consumption of antioxidants will be important. In addition to vitamin supplements, antioxidants within foods will also provide protection. It is important to identify how storage conditions and elevated radiation will impact the antioxidant capacity and stability in both nutritional supplements and foods. While radiation dose significantly affected the stability of vitamin C in solution, vitamin C in dry formulations (vitamin C supplements, multivitamins, and ascorbic acid powder) was stable following radiation doses of up to 1000 Gy.

Radiation Effects on Fruits and Vegetables 

Due to the high costs associated with shipping pre-packaged foods into space, onsite edible biomass production must be considered for long-duration missions. Thus, determination of appropriate cultivars for not only growth but also food use are important to the success of a sustainable human habitat. Preliminary studies have shown that cultivar selection and growth conditions impact the composition and acceptability of crops such as sweet potato and carrot. Other studies investigated the impact of radiation (0, 1Gy, 5Gy, 10Gy, and 10kGy) on proximate and nutrient profiles as well as antioxidant capacities of carrots, tomatoes, strawberries, and apples. While moisture, ash, protein, total sugar, water activity, calcium, magnesium, sodium, and potassium were relatively constant upon exposure to all radiation doses, total extractable fat, vitamin C, carotenoids, and lycopene were significantly affected by radiation doses. The finding that radiation exposure may increase the extractability of fats from plant tissues could be utilized for further food processing development and commercial applications.

Radiation Effects on Wheat 

Wheat is the most studied candidate crop and has the highest priority.  Apogee and Perigee cultivars of wheat were developed at Utah State University to yield high amounts of wheat berries with a minimum amount of inedible crop waste. While growth conditions have been characterized, further analysis of these cultivars must be conducted to characterize the protein, lipid, and starch functionalities related to food quality, as well as antioxidant capacities, and to compare the food-functionality of these cultivars to common cultivars used in the food industry. Because wheat can be shipped as a bulk ingredient and/or grown in space, additional studies investigated the effects of radiation exposure on the quality and functionality of wheat. 

For a Mars mission, results indicate that Apogee is a more suitable candidate cultivar than Perigee due to its overall stability and nutritional properties. Apogee has a protein profile indicative of better dough properties as well as lipids and starches that were more resistant to degradation. The antioxidant capacity of the Apogee cultivar was the highest of those tested (12.43 μmol Trolox Equivalent /g wheat), which could be beneficial to astronauts in a high radiation environment.  Compared to terrestrial cultivars, the Apogee and Perigee cultivars had elevated levels of protein, crude lipids, and crude ash while having lower levels of carbohydrates. Expected radiation doses for a Mars mission (0-10Gy) appear to have minimal influence on the functional and nutritional properties of wheat; however, radiation levels at or above 100 Gy (regardless of the number of radiation treatments applied or dose rate to achieve this total dose) have a detrimental effect on the protein, starch, lipid, and antioxidant characteristics of wheat. This indicates that total exposed dose has an effect on wheat characteristics while the dose rate does not. No differences were indicated by a sensory panel on the appearance, texture, or aroma of bread made from wheat exposed to 0, 10, 100, or 1000Gy, and loaf volume may even be improved at 10 Gy.

Objective B: 

B1:  Dr. Morgan’s group is studying two technologies, flash vacuum expansion for extraction grape juice and development of novel methods to activate the surface of food contact packaging material. In the first project the effect of flash vacuum expansion and ohmic heating as substitutes to enzymatic processing for grape juice extraction is being studied with regards to improvements in yield and quality. In the former technique, plant material is heated to 60-90°C and then instantly introduced in a vacuum chamber (1-10 kPa) of a much higher volume where it expands or disintegrates due to formation of micro channels inside the tissues and instantaneous evaporation of water.

Initial experiments carried out indicate that flash vacuum expansion increases the juice yield on an absolute basis by only 0-5%. However, during flash vacuum treatment, some water is lost from the juice and when this water is re-added to the juice, the increase in yield is between 10-15%. The anthocyanin concentration of the juice is also found to increase by 25%-150% (in some cases above 100%) while the total anthocyanins extracted increase up to 168%.

Presently a study is being carried out on Sunbelt grapes to model this improvement in juice extraction. Factors considered are yield, pH, ° Brix, anthocyanin content and profile, total polyphenols and antioxidant capacity. 

B2:  Carlos Corvalan’s group has studied several kinetic processes related to quality and safety. His research interests include model process dependent kinetic parameters which affect (a) the conjugated forms of Genistin and Daidzin isoflavones, and (b) Listeria monocytogenes detection and inactivation.

References: 

Mathias, K., Ismail, B., Corvalan, C. M., Hayes, K. D. 2006. Heat and pH Effects on the Conjugated Forms of Genistin and Daidzin Isoflavones, Journal of Agricultural and Food Chemistry, 54, 20, 7495-7502.

T.L. Selby, A. Berzins, D.E. Gerrard, C.M. Corvalan, A.L. Grant and R.H. Linton. 2006. Microbial heat resistance of Listeria monocytogenes and the impact on ready-to-eat meat quality after post-package pasteurization, Meat Science, 74, 3, 425-434.

Banerjee P., M. Morgan, J. Rickus, K. Ragheb, C. Corvalan, J. Robinson and A. Bhunia. 2006. Hybridoma Ped-2E9 cells cultured under modified conditions can sensitively detect Listeria monocytogenes and Bacillus cereus, Applied Microbiology and Biotechnology, article in press.

B.3. Dr. Keener: Eliminating pathogens in food products using non-thermal, atmospheric plasma. (Kevin Keener – Purdue University, Brian Sheldon – North Carolina State University,)

Salmonella enteritidis and Listeria innocua were inoculated onto agar (model food) and treated with non-thermal, atmospheric plasma under a range of conditions. Results found that Listeria and Salmonella could be reduced 5 log10 in a few seconds of treatment. These results suggest non-thermal, atmospheric plasma may be a viable treatment method to eliminate pathogens from ready to eat meat products. On-going research is examining the efficacy of non-thermal, atmospheric plasma on real foods contaminated with pathogens.

Objective C: 

C.1. Carlos Corvalan has studied various free surface flow related topics. His interests include characterization of Newtonian and non-Newtonian interfacial flows coupled to surfactant effects with applications ranging from spray drying to micro-emulsions and encapsulation.

References: 

Dravid, V., S. Songsermpong, Z. Xue, C. Corvalan and P. Sojka. 2006. Two-dimensional modeling of the effects of insoluble surfactant on the breakup of a liquid filament. Chemical Engineering Science, 61, 3577-3585. 

C.2. Dr. Corvalan’s group has studied transport mechanisms relevant to targeted drug delivery systems. Carlos Corvalan interests include the fundamental understanding of the transport mechanisms occurring during the controlled release of active substances in the gastrointestinal tract in which it is critical to track the moving boundary of the drug carrier due to dissolution-reaction-diffusion on the particle interface.

References: 

Haddish-Berhane N., C. Nyquist, K. Haghighi, C. Corvalan, O. Campanella, J. Rickus and A. Farhadi. 2006. A multi-scale stochastic drug release model for polymer-coated targeted drug delivery systems, Journal of Controlled Release, 110, 2, 314-322. 

Objective D: 

D1:  Dr. Corvalan’s research includes developing mathematical models for simulation, design and improvement of thermal food processes.

References: 

Chen G., C. Corvalan, T. Haley and O. Campanella. 2006. A numerical algorithm for calculating microbial survival curves during thermal processing, Food Research International, article in press. 

D2:  Dr. Keener: Mathematical Model of Radiant Frying (Brian Farkas- North Carolina State University, Kevin Keener – Purdue University)

Ms. Yifat Yaniv completed her M.S. Degree in Food Science at North Carolina State University under joint supervision of Dr. Brian Farkas and Dr. Kevin Keener (Purdue University) on radiant frying. She developed a mathematical model to predict temperature change and crust formation during high intensity infrared heating of a food matrix, and to perform parametric analysis of process variables. This model will be used by food scientists in the development of radiant fried foods. Radiant fried foods contain 30 to 50% less fat than immersion fried foods.

Presentations:

S.A. Shore, K.M. Keener, B.W. Sheldon, and J.J. Cuomo. 2005. Atmospheric Plasma Treatment to Eliminate Food Pathogens. Undergraduate Poster Session. ASAE Annual International Meeting. July 17-20, 2005. Tampa, FL.\
D3:M. Okos, and O. Campanella:  A Mathematical Model for the Isothermal Growth of Bubbles in Wheat Dough

Bubble dynamics in different materials has attracted considerable attention over the past several decades. The process involves heat, mass and momentum transfer between bubbles and between bubbles and their surroundings; each of these affecting the other. The complexity of the problem led several authors to use assumptions to simplify the resulting complexity. A common approach is to consider some of the transport phenomena negligible for certain bubble size ranges . However, this raises issues as to how one can identify the pertinent size ranges. The problem is compounded even further when one considers analysis of bubble growth in non-Newtonian fluids.  

In the food industry, puffing processes, by which release or expansion of gas inside a material causes the appearance of porous internal structure, have been commonly applied. Even though this structure is created mostly through growth and merging of bubbles in the material, the former has mostly been considered from the standpoint of the size of the final product and how it changes with time. Even when growth of individual bubbles is considered, there is relatively little work done on expansion of bubbles in bread dough after a sudden release of pressure; seen in puffing and a common food processing method called Extrusion Cooking. 

In this work, the need for an inclusive and more complete bubble growth model is addressed by the development of a bubble growth model that considers the dynamics of a bubble growing in an isothermal viscoelastic fluid medium (bread dough) saturated with a volatile material while the fluid mass is expanding after compression. 

Good correlation was found with experimental results for a similar system. The growth regimes identified in previous work were observed. In addition, a methodology was developed to circumvent the previous assumption of dominant phenomena which can be applied for other systems of the same nature. 

The objective of this research is to develop a set of mathematical relations that can describe the dynamics of a bubble inside an expanding viscoelastic fluid mass. The specific case of isothermal growth of a CO2 bubble in bread dough as the dough exits an extruder with a circular die and expands is modeled. Inertia, mass transfer to the bubble, mass transfer to the atmosphere, viscoelasticity and surface tension were considered. The cell model proposed by Amon and Denson (1984) to consider the growth of a bubble in close proximity to other bubbles was modified and applied. The mathematical relations developed were solved by a commercial solver and the result compared to the model and experimental results of Alavi et al. (2003). During the solution process, a characteristic time was defined in terms of system parameters. It was found that the model developed in this research fit the available data better while considering more phenomena in a manner amenable to analysis.

D4:  M. Okos Computer-Aided Design on Developing Methodology to Develop a Zero Discharge Food Processing Plant.

             Recent trends in increasing costs of potable water and wastewater treatments propel the need of food processors to address water recovery opportunities correctly. In many cases, waster is unnecessarily discarded when it could be reused elsewhere in the plant. More importantly, many food processors, including our case study, are not completely aware of how much water is being discarded in each process at their plants, which limits their ability to identify opportunities and capture usable water for recycle purposes.

            We approached the problem by figuring out how much water is being discarded for each process. Beans processing takes up an estimated 412,500 lbs of water discarded daily, with Bean Washer and Soak Tank accounted for 38% and 46% of the wastewater. The rest of the unit operations make up for the remaining 16% of water discharge. Hominy processing is the most water-intensive process for this study and generates approximately 1.3 million lbs of wastewater per day, with Scrubber 1 and Scrubber 2 accounted for 42.19% and 46.04% of the total wastewater produced. Soups processing generates approximately 479,500 lbs of wastewater, mainly produced by the Blancher.

            The use of Computer Aided Design (CAD) simulation tool is greatly efficient for reducing the process development time. Potential proposed design generated by using CAD simulation can decrease the amount of water consumed in the process. For beans processing, process retrofitting design could be done by the addition of storage tank. The addition of one storage tank could potentially decrease the water usage by 30%, resulted.
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Abstract:

Soybeans, enzymes, spices, and other ingredients have been chosen, or suggested, to be shipped in bulk for Lunar and Mars missions. Long-term storage of bulk foods and ingredients during these missions may result in food degradation through radiation-induced oxidation reactions influencing nutrients, shelf life, and the quantity/quality of the foods produced from them. Wilson (2004, 2005) found that radiation of whole dry soybeans using electron beam or gamma rays from 1 to 30 kGy, as part of a HACCP plan to ensure that the soybeans do not bring food-borne illness organisms into contact with the astronauts, provided microbial safety for the astronauts, but produced unacceptable soymilk and tofu. Soybeans irradiated at levels expected on Mars missions (1-5 Gy) decreased the quality and yield of tofu (Wilson, 2005). The objective of this study was to determine the influence of low dose radiation (1-5 Gy) on enzyme performance, food packaging performance, and the effects of storage on 1-5 Gy irradiated soybeans. Rennet (enzyme), used in cheese production, was gamma irradiated (1-5 Gy) in different flexible packages. Control samples were shipped with each treatment, but not irradiated. Rennet activity was measured by determining the time necessary for the enzyme to start curd formation. Soymilk and tofu were produced using the method of Wilson (2004, 2005). Color, texture, aroma, yield, and composition of the tofu were determined. Vinton 81 (industry standard) and IA 2032 LS (lipoxygenase-null) soybeans that were irradiation (0-5 Gy) and stored at 20 C in 2005 were used with Vinton 81 control beans from 2003. Radiation decreased rennet activity, 12.5 to 28%. Tofu had altered color, yield, texture, and increased beany/oxidized aroma (sensory and GC) after storage. Higher amounts of rennet can reduce crew time during cheese manufacture, and produce firmer curds. Bulk soybeans and ingredients should be protected from radiation during Mars missions.

Impact of High Pressure Processing (HPP) on soymilk components have been investigated. Kinetics of inactivation of lipoxygenase, -glucosidase and trypsin inhibitors have been determined.  Impact of protein content and pH values on pressurized soymilk properties has been investigated.  Sol formation can be avoided when adequate pH and soybean-to-water ratio were selected.  We have shown an impact of pressure level on isoflavone extractability and observed change in isoflavone profile when combined pressure/temperature treatment was applied to soymilk.

I. Progress of work and principal accomplishments

Objective A:  To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

1. Influence of irradiating whole soybeans on their usefulness on Mars Missions. Wilson, Perchonok, and French (Iowa, NASA - JSC)

Soybeans, enzymes, spices, and other ingredients have been chosen, or suggested, to be shipped in bulk for Lunar and Mars missions. Long-term storage of bulk foods and ingredients during these missions may result in food degradation through radiation-induced oxidation reactions influencing nutrients, shelf life, and the quantity/quality of the foods produced from them. Wilson (2004, 2005) found that radiation of whole dry soybeans using electron beam or gamma rays from 1 to 30 kGy, as part of a HACCP plan to ensure that the soybeans do not bring food-borne illness organisms into contact with the astronauts, provided microbial safety for the astronauts, but produced unacceptable soymilk and tofu. Soybeans irradiated at levels expected on Mars missions (1-5 Gy) decreased the quality and yield of tofu (Wilson, 2005). The objective of this study was to determine the influence of low dose radiation (1-5 Gy) on enzyme performance, food packaging performance, and the effects of storage on 1-5 Gy irradiated soybeans. Rennet (enzyme), used in cheese production, was gamma irradiated (1-5 Gy) in different flexible packages. Control samples were shipped with each treatment, but not irradiated. Rennet activity was measured by determining the time necessary for the enzyme to start curd formation. Soymilk and tofu were produced using the method of Wilson (2004, 2005). Color, texture, aroma, yield, and composition of the tofu were determined. Vinton 81 (industry standard) and IA 2032 LS (lipoxygenase-null) soybeans that were irradiation (0-5 Gy) and stored at 20 C in 2005 were used with Vinton 81 control beans from 2003. Radiation decreased rennet activity, 12.5 to 28%. Tofu had altered color, yield, texture, and increased beany/oxidized aroma (sensory and GC) after storage. Higher amounts of rennet can reduce crew time during cheese manufacture, and produce firmer curds. Bulk soybeans and ingredients should be protected from radiation during Mars missions.

(Contact Lester Wilson for figure)
Figure 1.  Rennet curding/Viscosity System.
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· Soymilk aroma 

· Significant cultivar and dose effects.

· Hexanal (Vinton>IA 2032LS; 4.47X larger).

· Vinton 03 < Vinton 06.

· Vinton has significantly higher numbers and amounts of volatiles than IA 2032LS (p<0.0001).

· Hexanal was from 2.8-5.2 X higher after 1 yr storage.

· Similar patterns were observed for both years.

· Volatiles in Vinton Soymilk > IA2032LS
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Figure 2. Peak area of hexanal detected by gas chromatography in soymilk from (a) stored Vinton 81 and IA2032LS irradiated and control soybeans (2005); (b) Vinton 81 and IA2032LS irradiated and control soybeans (2006).

Sensory: 

· Panelists were able to tell the difference (p<0.05) between cultivar tofu color. (2 out of 5 test)

· Panelists were not able to distinguish tofu color differences between radiation doses.

· Panelists found that the beany/oxidized aroma increased at 1 Gy for the IA 2032LS.

· Panelists found that IA 2032LS was significantly less beany/oxidized than Vinton. (Intensity Scaling)

· It was easy to differentiate between IA2032LS whey and Vinton whey: IA 2032 LS whey was a clear lighter yellow vs. semi-opaque light orange Vinton whey.
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Figure 3. 2-out-of 5 test on tofu from 
Figure 17. Line scale test of tofu from 

Vinton 81 and IA2032LS irradiated 

Vinton 81 and IA2032LS irradiated and

and control soybeans (2006). 


control soybeans (2006). 

· Rennet: milk (cow) coagulation times and rennet concentration.

· Viscosity increased with time until curds broken.

· In general, radiated rennet took from 12.5-28% more time to coagulate the milk (specific viscosity)

· Using 0.2 or 0.5 grams vs. 0.04 grams decreased coagulation time from 84 to 96.8% respectively.

· Insufficient data on packaging type at this time.

Conclusions

· Soybean storage and irradiation influences soymilk and tofu quality and yield.

· Soybean cultivar and crop year influenced yield and quality of soyfoods, and

         sensory panels and instrumental methods can follow these changes.

· Low doses and length of stowage, expected to be encountered on a Mars mission, will influence sensory properties and yields of tofu.

· Soybeans exposed to 1-5 Gy doses of gamma radiation and stored for 1 year can be used for soymilk and tofu production, but a flavor/aroma masking agent may be needed to hide the oxidized aroma. 

· Radiation seems to have a negative effect on rennet activity.

· Increased rennet concentration can decrease crew time during cheese manufacture.

A trade study is recommended.
Recommendations and Usefulness of Findings:

· Bulk soybeans that are going to be shipped to Mars should be protected from radiation, just like the astronauts, in order to maintain maximum sensory, functionality, and yield (reduced waste) characteristics.

· The choice of soybeans for Mars missions must include cultivar, crop year, storage conditions/time, presence of stone beans, composition, and packaging requirements.

· Whey must be utilized where color is not important.

· Sensory panels should be used to evaluate texture and flavor changes for preference (Show-Stopper) decisions. This will require Human Subjects approval.

· This study only covers the first year of a 3 yr mission. A longer shelf life study is needed

2) High hydrostatic pressure process parameters on soy components extractability and characteristics. 

Effect of HPP on soymilk trypsin inhibitors, enzymes and isoflavone profile and extractability. The objective of this research work was to investigate whether high pressure processing (HPP) could qualify as an alternative to the conventional thermal treatment of soymilk based on its effects on some nutritional and quality aspects.

Thermal and pressure inactivation of lipoxygenase, -glucosidase and trypsin inhibitors (Kunitz, KTI, and Bowman-Birk, BBI) in buffer solutions was described by a first order kinetic model.  -Glucosidase was more thermostable than lipoxygenase (55-65(C), but less pressure stable (450 and 500 MPa).  While at 95 and 100(C KTI was more thermolabile than BBI, at 120(C their inactivation rate constants were similar.  BBI was more pressure stable than KTI at 600-800 MPa and 75(C.  The differences in stability of the enzymes and inhibitors may be attributed to their different disulfide bonds content.  The enzymes behavior under thermal and HPP treatments differed due to different mechanisms of action of temperature and pressure on proteins.

Raw soymilk was pressurized at 100-700 MPa and room temperature for 10 min.  Above 400 MPa, -glucosidase was more pressure stable than lipoxygenase.  Pressure alone did not inactivate the inhibitors and combined pressure/temperature (75(C) treatments had to be applied.  After soymilk was heated at 120(C for 10 min, the total trypsin inhibitory activity was 11% and that of BBI was 22%, suggesting that most of the activity left was due to BBI.  The behavior of enzymes and inhibitors in soymilk and in buffer was different due to differences in environmental factors.

Neither change in color nor in rheological properties of pressurized soymilk was observed.  Native electrophoresis showed changes in proteins at ≥ 300 MPa, suggesting dissociation into subunits and aggregation.  Pressure denaturation occurred at 200 MPa for -conglycinin and 300 MPa for glycinin.

When soymilk was pressurized at 75(C, there was a shift in the distribution of isoflavones from 6(-O-malonylglucosides towards -glucosides, which was related to the effect of adiabatic heating.  HPP of soaked soybeans increased the total isoflavone concentration of soymilk by 19% at 700 MPa.  However, 6(-O-malonylglucosides and -glucosides decreased at 300 MPa.  The decrease in aglucons content at ≥ 400 MPa might be related to the decrease in protein extractability.

3) Enzyme assisted aqueous extraction of soybean oil.

Destabilization of cream obtained during enzyme assisted aqueous extraction of soybean oil is a key parameter for the development of this technology. We investigated the potential of several enzymes and identified conditions allowing total release of free oil.  Physico chemical parameters were also identified leading to the same results.

4) Potential of a natural antioxidant, Rosemary extract, to delay color and lipid changes of pressurized meat.

The combination of high pressure and a natural antioxidant (rosemary extract) on the quality of beef and chicken patties was studied during refrigerated storage for up to 9 days.  Efficiency of rosemary extract was compared to a chemical antioxidant, BHA/BHT.  Addition of rosemary extract has shown some promising results such as improvement in redness and reduction in lipid oxidation in pressurized samples along with storage effect.


[image: image4]
TBARS values of pressurized chicken and beef patties after 1 and 9 days of storage. RE: Rosemary Extract

Objective C:
To identify and characterize transport mechanisms occurring in food processes.

III. Work planned for next year:

General:
We will continued to work with starch, soy proteins (IA, ND), isoflavones, soybean oil, soybeans (IA, ND), soyfoods, and antioxidants. New areas include High Pressure (IA, MI, OH, OR), irradiation (IL, IN, TX, NASA), and old and new aqueous extraction methods for soybean oil. Food safety, quality, and composition will be emphasized. The SafTest system will be used to evaluate oxidized soybean oils and irradiated soybeans for FFA, TBARS, and PV. Objectives A, B, and C will be addressed.

Work planned for the next year

Work on the influence of low dose radiation on rennet and soybeans will continue with NASA and Indiana Station.

We will continue to investigate potential of HPP for soy products. Sensory profile of pressurized soymilk, impact of treatment on vitaminB6 and shelf life of soymilk will be determined.

Investigations will also be performed on tofu products.

Further investigations will be performed on extractability of soy isoflavones under high pressure.

Investigation on process to obtain free oil during enzyme assisted extraction of soybean oil will be continued.

Publications

Lakshmanan, R., de Lamballerie-Anton, M., Jung, S. Effect of water-to-soybean ratio and pH on pressurized soymilk properties, In Press, Journal of Food Science

Lamsal, B.P., Jung S., Johnson L.A. Rheological properties of soy protein hydrolysates obtained from limited enzymatic hydrolysis, In Press, Journal of Food Technology

Horvatovich, P., Werner, D, Jung, S., Miesch, M. Delincee H., Hasselmann, C., Marchioni, E. Determination of 2-alkylcyclobutanones with electronic impact and chemical ionization gas chromatography/mass spectrometry (GC/MS) in irradiated foods J. Agric. Food Chem. 2006, 54, 1990-1996

Jung, S., Lamsal, B.P., Stepien, V., Johnson, L.A., and P.A. Murphy. Functionality of soy protein produced by enzyme-assisted extraction. J. Am Oil Chem. Soc., 83: 71-78, 2006

Presentations: 7 poster presentations at national IFT meeting in Florida; 1 Oral presentation at Habitation Conference.
Thesis

Effects of high pressure processing on soymilk enzymes, proteins, and isoflavones, Ileana Sala, M.S. Thesis, May 2006, 146p

Influence of radiation encountered on Mars missions on the yield and quality of soymilk and tofu from bulk soybeans. Chiew-Ling Chai. M.S. Thesis . August, 2006. 131p.

Collaboration within NC-136:

Ad-Hoc committees:

Gel committee: Samples received and analyzed. Data to NC Station.See Ad-Hoc

committee report.

Oil Quality:Second set of samples received and analyzed. Data sent to Virginia

Station.

HHP Ad-Hoc Committee activities continued.

Research Collaboration:

Collaboration between Iowa Station (IA), Indiana Station (IN) and NASA continued on influence of radiation on soybean and rennet functionality.

Book Chapter: Food Systems (WA, IA) submitted/in review.
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Progress of Work and Principal Accomplishments

OBJECTIVE A: To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

OBJECTIVE B:  To measure and model process dependent kinetic parameters which affect food quality and safety attributes.

OBJECTIVE C:  To identify and describe transport mechanisms occurring in food processes. 

OBJECTIVE D:  To develop mathematical models for simulation, prediction, design and improvement of food processes.  

A laboratory system with a seven-liter, temperature-controlled cheese vat was set up to test different syneresis sensors for monitoring both milk coagulation and syneresis. A consistent cutting and stirring system was developed to reproduce industrial cheese making conditions. A fiber optic backscatter sensor and a large field of view (LFV) light backscatter sensor were compared for simultaneous monitoring  milk coagulation and gel syneresis under different coagulation conditions (temperature, calcium chloride concentration) and cutting times. A three-factor factorial, central composite rotatable design with two star points (alpha = 1.682) and six replicates of the central point was used. The first replication of the experiment (20 trials) was run to select the most suitable range for the experimental factors. After selection of the adequate levels for the experimental factors, the experiment was randomly replicated three more times (60 trials). This design allows for the estimation of curvature and hence provides levels at which the independent variables will minimize or maximize a dependent variable (curd moisture content, curd yield, whey fat concentration, etc.).  

Preliminary results showed that the LFV sensor responded in a similar manner to the backscatter sensor during milk coagulation and with a much lower degree of scatter than the backscatter sensor (or the light extinction sensor) during syneresis. The LFV sensor signal increased sigmoidally during coagulation by 30%. After cutting, the signal of the LFV sensor was found to decrease logarithmically between 25% and 61%. It was also observed that this decreasing response during syneresis increased with increasing temperatures, suggesting that the LFV sensor might be sensitive to the changes in syneresis kinetics with temperature. Equations were developed for the prediction of the whey fat losses, the curd moisture content and yield. 

It was found that rheological properties of the curd at cutting are dominant factors determining whey fat losses. Curd moisture content and yield were both predicted using one LFV parameter representing milk coagulation reactions (tmax) and a second LFV parameter representing the syneresis kinetics (DDS). The results of this study suggest a potential application for the LFV sensor for the monitoring of both coagulation and syneresis during cheese manufacture that could allow improving cheese making process control. 

Publications and Manuscripts (6/1/05 to 11/1/06):

1.
Wang, T., Lucey, J.  A., Castillo, M., Payne, F. A. 2005. Predicting cottage cheese cutting time using a light backscatter sensor  Milchwissenschaft 60, 164-167.

2.
Castillo, M., González, R., Payne, F. A., Laencina, J., López, M. B. 2005. Optical monitoring of milk coagulation and inline cutting time prediction in Murcian al Vino cheese. Applied Engineering in Agriculture 21 465-471.

3.
Jordán, M. J., Kevin, L. Goodner, Castillo, M., Laencina, J. (2005). Comparison of two HS-SPME fibers for the detection of volatile chemical concentration changes due to industrial processing. Journal of the Science of Food and Agricultural 85:1065-1071.

4.
Castillo, M., Payne, F. A., López, M. B., Ferrandini, E., Laencina, J. 2005. Optical sensor technology for measuring whey fat concentration in cheese making. Journal of Food Engineering 71, 354-360.

5.
Castillo, M., Payne, F. A., López, M. B., Ferrandini, E., Laencina, J. 2005. Preliminary evaluation of an optical method for modeling the dilution of fat globules in whey during syneresis of cheese curd. Applied Engineering in Agriculture v21(2) pp 265-269.

6.
Castillo, M., Payne, F. A., López, M. B., Laencina, J. 2005. Optical sensors to monitor and control the processing of goat cheese. Special Issue of the International Dairy Federation 0501/Part4. Pp. 250-256.

7.
Castillo, M., Lucey, F. A., Wang, T., Payne, F. A. (2006). Effect of temperature and inoculum concentration on gel microstructure, permeability and syneresis kinetics. Cottage cheese-type gel. International Dairy Journal 16, 153-163.

8.
Castillo, M., Payne, F. A., Wang, T., Lucey, J. A. (2006). Effect of temperature and inoculum concentration on prediction of both gelation time and cutting time. Cottage cheese-type gel. International Dairy Journal 16, 147-152.

9.
Castillo, M., Lucey, J. A., Payne, F. A. (2006). The effect of temperature and inoculum concentration on rheological and light scatter properties of milk coagulated by a combination of bacterial fermentation and chymosin. Cottage cheese-type gels. International Dairy Journal 16, 131-146.

LOUISIANA

	C.M. Sabliov

Louisiana State University

104J Efferson Hall

Baton Rouge, LA 70894
	E-mail: csabliov@lsu.edu
Phone: 225-578-4181
FAX:   


Objective 2  (Measurement of Kinetics)

Bioactive food components delivery via polymeric nanoparticles

The goal of the project was to produce polymeric nanoparticles (with or without a core of magnetite) using the emulsion evaporation method for encapsulation and delivery of bioactive components (i.e. vitamin E). Several issues of importance were addressed, such as selection of the magnetic core, selection of the polymeric shell, and choice of processing parameters to control the nanoparticle size and size distribution. 

Surface modification of magnetite with oleic acid (MOA) was a useful approach to ensure the entrapment of magnetite into a hydrophobic polymer Poly(DL-Lactide-co-Glycolide) (PLGA) with high entrapment efficiency by single emulsion evaporation method. Magnetic polymeric nanoparticles (MPNPs) with a final mean size less than 100 nm were obtained at 4% w/w MOA theoretical loading. When MOA theoretical loading was increased to 8% w/w, the nanoparticle size was less than 120 nm. The entrapment efficiency was highly different for the low (57.4%) and high PLGA molecular weight (91.9%). 

PLGA nanoparticles with entrapped alpha-tocopherol were also synthesized by emulsion evaporation method. The morphology, size and size distribution of the nanoparticles were determined by transmission electron microscopy and dynamic light scattering. Alpha-tocopherol entrapment efficiency and release profile were measured by Reverse Phase- High Pressure Liquid Chromatography. Results showed that emulsion evaporation was an adequate method for the entrapment of alpha-tocopherol in PLGA nanoparticles less than 100 nm in size.  The release profile revealed a low initial burst, as a result of the liberation of T attached to the surface, followed by a more sustained time-release. The release behavior of -tocopherol in a specific food system makes the objective of future studies. 

Objective 4  (Modeling)

The goal of this project was to numerically predict the temperature of a liquid product heated in a continuous flow focused microwave system by coupling high frequency electromagnetism, heat transfer, and fluid flow. A finite element numerical model was developed in ANSYS multiphysics (ANSYS Inc, Pittsburgh, PA) and used to determine the temperature change in liquid materials processed in a 5 kW continuous microwave unit at 915 MHz under steady-state conditions, assuming constant dielectric and physical properties. The behavior of liquid materials subject to heating in high-frequency fields while flowing in a system of defined geometrical dimensions was evaluated as a function of dielectric properties and flow rates. The present analysis can be a valuable tool in providing guidelines on the optimum system and processing conditions required for production of high quality products using a continuous microwave food processing system.

II.    WORK PLANNED FOR NEXT YEAR 

A.
Release of fluorophore from magnetic-polymeric nanoparticles under an oscillating magnetic field. 

B.
Controlled-release of -tocopherol in a specific food system (TBA).

C.
Validation and improvement of the microwave heating model. 

III.
PUBLICATIONS

Chapters or essays in books

1.
Boldor D. and C. M. Sabliov. Thermal Processing: Control and Automation. Editor K. P. Sandeep. Chapter 11:  Instrumentation, control, and modeling of continuous flow microwave processing. Blackwell publishing.  Submitted.

Articles in refereed journals or bulletins

1.
Sabliov, C. M. and D. Salvi. Numerical modeling of continuous microwave heating of liquid products.  Journal of Microwave Power & Electromagnetic Energy. Submitted.

2.
Sabliov, C. M. Continuous flow focused microwave assisted extraction. On-line Food Engineering issue on Modeling of Food Processes. Submitted.

3.
Astete, C. and C. M. Sabliov. 2006. Synthesis of poly(DL-lactide-co-glycolide) nanoparticles with entrapped magnetite in the polymeric matrix by emulsion evaporation. Particulate Science and Technology. 24(3):321-329.

4.
Astete, C. and C. M. Sabliov. 2006. Synthesis and Characterization of PLGA nanoparticles: A review. Journal of Biomaterial Science. Polymer Edition. 17(3):247-289.

5.
Bento, L., P. Rein, C. M. Sabliov, D. Boldor and P. Coronel. 2006. C-massecuite Re-heating using Microwaves. Journal of the American Society of Sugar Cane Technologists. 26:1-13.
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Effects of Chinese wolfberry (Lycium chinense P. Mill.) leaf hydrolysates on the growth of Pediococcus acidilactici MA18/5M 
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Abstract

Growth stimulating effects of LYCH leaf hydrolysates on P. acidilactici MA18/5M cells were observed

when MRS broth was supplemented with 20% (v/v) H1+H2, the mixture of hydrolysates prepared by a

traditional tea‐making process. Cells grown on MRS containing H1+H2 showed a shortened lag phase

while yielding a cell concentration (Xs) significantly higher than other conditions investigated entering

stationary phase. The maximal specific growth rate (μmax) was also the highest among all. Microwaveassisted

extraction (MAE) at 80°C for 2 hrs (M802h) released more amino acids but less sugar (fructose,

glucose, and sucrose) than in H1+H2. Both Xs and μmax reached in M802h‐supplemented MRS broth were

lower than those in MRS containing H1+H2. No correlations between amino acids and cell growth were

found. P. acidilactici cells grown in MRS broth in general showed higher consumption of carbohydrate in

comparison with those in M17 broth containing the same carbohydrate. In the absence of FOS, the high

glucose concentration in the H1+H2 hydrolysates appeared to be responsible for the stimulatory effects

on P. acidilactici growth. The growth‐enhancing effects of LYCH leaf hydrolysates indicate the potential

of developing new applications for LYCH leaves in promoting the growth of other probiotic cells using a

simple process.
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Investigators: Kirk Dolan, Robert Ofoli, Brad Marks, and Jim Steffe
OBJECTIVE A: To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

Texture measurement of sugar-coated bean snacks for product development:  Sugar-coated bean snacks sold in Japan are potential value-added exports for U.S. bean growers and processors.  U.S. processors require a constant-temperature process instead of the multi-step, labor-intensive process used in Japan.  Sensory tests confirmed that consumers could not detect firmness differences in the bean snacks made using the Japanese process and the U.S. process.

Characterization of bioelectronic interfaces.  Various bioelectronic interfaces in poly(dimethylsiloxane) (PDMS) microfluidics channels are being characterized.  Using microfluidics allows us to gain exceptional control of flow geometry as well as fluid delivery to the interface.  Microfluidics also provides us with the ability to simultaneously interrogate devices that contain multiple interfaces, which is significant in the design of high-throughput screening schemes for a variety of biological analytes.

Fat transport properties during cooking of ground meat.  Porosity, pore-size distributions, and effective permeability of water through a ground beef matrix were determined as a function of endpoint temperature and initial fat content. Low fat (5.5%) and high fat (14.4%) ground beef samples were formed into patties and cooked in a moist-air convection oven (Tdb of 176.7(C and Tdp of 93.9(C) to center temperatures of 45, 60, or 75(C. These samples were then analyzed at room temperature for pore-size distributions and permeability via liquid extrusion techniques. The viscosity and density of beef fat was determined with respect to temperature (40, 50, 60, and 70(C). The median pore diameters increased (P<0.05) with temperature. The permeability of low fat samples (2.85×10-14 to 1.53×10-13 m2) was higher than that of the high fat samples (7.19×10-15 to 9.21×10-15 m2) for all cooking treatments. The highest permeabilities were found for low fat samples cooked to 75(C. The viscosity of beef fat decreased with temperature from 34.2 cP at 40(C to 14.3 cP at 70(C. The hydraulic conductivity, the lipidic conductivity, and the tortuosity of the ground beef matrix were also calculated. These parameters are essential for describing and modeling the fat transport mechanism during cooking of ground meat products, and are being incorporated into an improved model for multi-component transport during meat cooking.
OBJECTIVE B:  To measure and model process dependent kinetic parameters which affect food quality and safety attributes.

Modeling of prebiotic manufacturing from whey lactose.  Whey is a by-product of the cheese process, and constitutes 90% of the total product weight.  Cheese manufacturers are interested in better ways to dispose of whey or use it as a value-added product.  Galactooligosaccharides GOS are prebiotics that can be produced enzymatically from whey lactose.  These prebiotics are indigestible carbohydrates that can be added to dairy or other food products to provide a substrate for beneficial microorganisms to consume and benefit human gut health.  We obtained 20-22% (w/w) production rate in 2 continuous systems:  ultrafiltration and a fixed-enzyme on a cotton cloth; and found that an nth-order model fit the data well.  
Modeling the effects of product and process parameters on microbial inactivation.  Although the composition of food products is known to affect the thermal resistance of foodborne pathogens in those products, very little is known about the effect of the physical state or prior thermal history of the product.  Additionally, current microbial modeling tools fail to report reliable estimates of the uncertainty associated with model predictions.  In seeking to quantify the effects of modeling methods on uncertainty, two different microbial modeling procedures were compared and validated against independent data for microbial growth. The most generally used method is two consecutive regressions: growth parameters are estimated from a primary regression of microbial counts, and then a secondary regression relates the growth parameters to experimental conditions. A global regression is an alternative method, in which the primary and secondary models are combined, giving a direct relationship between experimental factors and microbial counts. Broth-based growth of Listeria monocytogenes was used as a case study. The Gompertz equation was the primary model, and a response surface model was the secondary model. Independent data from ready-to-eat (RTE) meat and poultry products were used to validate the modeling procedures. The global regression yielded the lower standard errors of calibration (SEC), 0.95 log CFU/ml for aerobic and 1.21 log CFU/ml for anaerobic conditions. The two-step procedure yielded errors of 1.35 log CFU/ml for aerobic and 1.62 log CFU/ml for anaerobic conditions. Additionally, for the RTE products, the global regression was more robust than the two-step procedure for 65% of the cases studied.. The predictions were overestimated (fail-safe) in more than 50% of the cases using the global regression, and more than 70% of the cases using the two-step regression. Overall, the global regression performed better compared to the two-step procedure, for this specific application.  

In this general domain, we are currently:  (1) Quantifying and modeling the contribution of various factors to the uncertainty of predictive microbial models, (2) Developing a mathematical model for the migration of Salmonella into the interior of intact, whole-muscle meat products during marination, (3) Validating (lab- and pilot-scale) the effect of meat product structure on the thermal inactivation rates of Salmonella during heating, and (4) Generating a generalized model for the D-value of Salmonella in meat products, and (5) Quantifying and experimentally testing the distribution of sub-lethal injury during thermal treatment of Salmonella in meat products, and (6) Modifying our path-dependent model for thermal inactivation rates to include a phenomenological basis for the enhanced thermal resistance developed during sub-lethal heating.

OBJECTIVE D:  To develop mathematical models for simulation, prediction, design and improvement of food processes.  

Estimating kinetic parameters for dynamic processes.  Statistical estimates of error for kinetic parameters and the dependent variable in nonisothermally heated foods are rarely given in the food literature.  The current application of this work is to microbial death data.  Confidence intervals and confidence regions for parameters, and confidence intervals for microbial numbers were computed using Matlab® integrated with FEMLAB®.  These procedures may help establish standards for reporting error for microbial work important to the food industry.

Modeling hard apple cider fermentation.  Hard apple cider was fermented from Michigan dessert apples.  Four constant initial nitrogen contents and three constant temperatures were run in duplicate in a full factorial design.  Four dependent variables were measured over 2 weeks:  yeast cell concentration, ethanol concentration, nitrogen concentration, and sugar concentration.  A wine fermentation model consisting of four differential equation was solved simultaneously using the Runge-Kutta routine in Matlab.  Five parameters were estimated from a subset of the data by using the nonlinear regression function in Matlab and iterating over the Runge-Kutta routine.  These parameters were used to predict the four dependent variables from another data set.  Root mean square errors for the predictions were good except for yeast cell concentration.  The results of this study can be used to help hard apple cider processors design their fermentations and to avoid sluggish fermentations, a common problem in the industry.

Optimizing multi-stage convection cooking systems for ready-to-eat meat and poultry products. Process conditions of a moist air impingement cooking system were optimized to achieve maximum yield and to satisfy safety and quality constraints, simultaneously. Various strategies were tested by combining different modeling approaches, global optimization algorithms, and parameterization of control profiles.  In this study, a finite element model (FEM) predicting yield, Salmonella inactivation, internal color change, and surface color change was considered as an actual experiment with which all the results were compared. For the global optimization algorithms, genetic algorithms (GA), simulated annealing (SA), and integrated controlled random search in dynamic system (ICRS/DS) algorithms were tested. In addition, piecewise linear interpolation (PLI) and Fourier series (FS) were used for the control profile parameterization.  This study was conducted in two different ways. In the first part, overall aspects of this optimization problem and the effectiveness of the various strategies were investigated to identify the best strategy for ideal dynamic control profiles. Secondly, based on prior knowledge, the optimization strategies were applied to several industrially-relevant case studies.  The highest goal (yield) was 73%, which was obtained by using the ICRS algorithm, FEM, and PLI. Generally, all the global optimization algorithms showed convergence to an optimal solution, albeit with different convergence speed and goal achievement. Although comprehensive evaluation was impossible, ICRS was observed as the most recommendable algorithm.  Single-stage, double-stage, and multi-zone processes were studied by using the FEM model and the ICRS algorithm. The maximum yield (67%) was achieved in the double-stage process. The case studies showed that a simple and minor design change of the single-stage oven might improve the performance.  In addition, the objective function (yield) for the single-stage oven was replaced with a cost function, and the operating conditions for maximum profit were determined, which were different from the results when the objective function was yield. Finally, Monte Carlo simulation showed that all the optimal profiles were highly sensitive to small perturbations, which implied difficulties in the actual application of the optimal solutions, due to unavoidable control errors of a cooking system.

Publications

Dolan, K.D., Yang, L., Trampel, C.P.  2006.  Nonlinear regression technique to estimate kinetic parameters and confidence intervals in unsteady-state conduction-heated foods.  J. Food Engineering.  In press.
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I. Progress of work and principal accomplishment

OBJECTIVE A. To develop and verify methods for characterization, measurement and prediction of engineering and biochemical properties of foods as needed in process design, analysis and product development.

Study of physiochemical properties of foods using nuclear magnetic resonance (NMR) techniques.

The sensory quality and shelf stability of food products are closely related to their physiochemical properties. The glass transition concept borrowed from polymer science has been applied to the study of physiochemical properties of food materials and products. Water is seen as a plasticizer of solids, and therefore plays a key role in the characteristics of food materials. A state diagram based on the glass transition concept usually describes the relationship between water content (or solid content) and temperature-dependence of physiochemical properties (e.g., phases). State diagrams are useful in characterizing material behavior at various temperatures and water contents. 

At the University of Minnesota, we developed a new concept called “NMR State Diagram”, which is based on the relationships between NMR (nuclear magnetic resonance) relaxation and temperature dependence of physiochemical properties. The spin-spin relaxation times (T2) of low moisture content food ingredients at different temperatures were determined using an NMR spectrometer. The obtained relaxation times were plotted against the corresponding temperatures. The transition points, slops before and after transition points on the curves were identified and determined. This technique was used to study the caking behaviors in dry soup powders, firming of high protein food bars, stickiness of tortilla wraps, and sogginess of poptarts, and provided very useful information for the understanding the physiochemical changes observed in those foods. 

OBJECTIVE B. To measure and model process-dependent kinetic parameters which affect food quality and safety attributes.

Study of high intensity electric field for liquid food pasteurization

Non-thermal processes for food preservation arise from consumers' demand for safe and high quality, minimally processed foods with fresh characteristics and no additives. High intensity pulsed electric field (PEF) has been receiving a lot of attentions from researchers and food processors, and extensive research has been conducted on this technology. Nonetheless, the PEF processing has no industrial application yet because the pulsed electric field equipment is very specialized and costly. This research developed a novel process that uses simple high frequency AC power supply to generate high intensity electric field in liquid food and to inactivate microorganism through electroporation. Compared with traditional PEF technique, it uses much cheaper power supply system, has higher energy efficiency and does not have electrode erosion and contamination problems.  

The objective of this study was to investigate the possibility of AC powered high intensity electric field (HEF) for liquid foods pasteurization. A high intensity electric field reactor, where the two electrodes covered by special dielectric materials,  has been developed. A high voltage AC power was applied to the two electrodes between which liquid foods were treated. Water and apple juice inoculated with E. coli served as testing samples. Working parameters such as applied voltage, frequency, and treatment time were investigated. The results show that AC HEF was capable of killing Escherichia coli in liquid foods and has great potentials for industry applications.

Reaction Kinetics of Color Development in an Extrusion-Cooking Model System

The objective of this research was to investigate the reaction kinetics of color development during extrusion process. The systematic evaluation of color development enabled us to link functionality with extrusion process and system parameters. The applicable modeling method of color development in this study can be used for extrusion process control, process optimization, and product design. Extrusion tests indicated that the developed predictive models can be of use for extrusion processing.

Rice-glucose-lysine blend was extruded using a co-rotating twin screw extruder. The effects of different extrusion conditions on the browning properties of extrudates were analyzed and compared using the CIE Lab system of measurement. Extrusion process variables included moisture content, screw speed, barrel temperature, and screw geometry. The influence of specific mechanical energy input and product temperature on the browning property of extrudates was significant. The color parameters were related to extrusion variables by a 4th degree polynomial. Hunter color scale values (L*, a*, b*, -L*a*, -L*a*b*, -L*a*/b*, Whiteness Index, and Yellowness Index) from extruded samples were analyzed to determine the kinetics of color changes due to extrusion process. Color changes followed first-order reaction kinetics. Reaction rate and activation energy were determined. Product temperature and browning properties were modeled and tested at various screw configurations and extrusion conditions. Validations of product temperature and browning property models were verified using different screw geometries and other processing conditions with reasonable accuracy.  

Assessment of Color Development Due to Twin-Screw Extrusion of Rice-Glucose-Lysine Blend Using Computer Vision

The objective of this research was to investigate whether the browning characteristics of extrudates could be determined with the aid of a computer vision system. A systematic evaluation and modeling of browning properties using computer vision methods enabled us to link functionality with extrusion system parameters. The results show that the computer vision method developed provides an objective and efficient approach for assessing the browning properties of extrudates. An online extrusion process control system could be established based on the computer vision method since it provides a nondestructive, accurate, and rapid response way to link functionality with extrusion process parameters. 

A computer vision method was developed to determine the color change of rice-glucose-lysine blend during extrusion. The browning characteristics of extrudates under different extrusion conditions were analyzed and compared. Extrusion process variables included moisture content, screw speed, barrel temperature, and screw geometry. The influence of specific mechanical energy input and product temperature on the browning properties of extrudates was significant. The color parameters were related to extrusion variables by a 4th degree polynomial. Product temperature and browning properties were modeled and tested using rice-glucose-lysine blend at various screw configurations and extrusion conditions with reasonable accuracy. The product temperature and browning property models were verified using different screw geometries and other processing variables with reasonable accuracy.  Extrusion tests indicated that the predictive models developed can be of use for extrusion processing. The results also show that the computer vision method developed provides an objective and efficient approach for assessing the browning characteristics of extrudates. 

OBJECTIVE C. To identify and characterize transport mechanisms occurring in food processes.

Study of Water Diffusion between Bread and Cheese

Water content and distribution play an important role in food quality and shelf life. Water diffusion and mobility in the food directly affect the water distribution, especially for inhomogeneous food materials such as bread and cheese in sandwich. Study of the water diffusion between cheese and bread at different storage duration periods can provide a basic understanding of water behaviors in a binary interface and further facilitate better food processing and benefit food storage.   

In this study, a nondestructive imaging instrument, MRI (magnetic resonance imaging) is used to explore the water diffusion between bread and cheese closely in contact. High resolution 3D images of bread and cheese are acquired at designed time periods to illustrate the water density distributions in the bread and cheese. Based on the 3D distribution images, the average water distributions on one dimension are calculated and are further used to calculate the water diffusion rates for various types of bread and cheese, such as different density bread, and different water content bread and cheese. 

II. Usefulness of Findings

The potential applications of the NMR State Diagram concept may include: (1) ingredients screening, useful for product formula development, (2) prediction of physiochemical changes (texture, viscosity, caking, water and fat migration, etc), chemical degradation of nutrients and microbiological activity, which are associated with mobility of water and polymers, (3) Combined with MRI (magnetic resonance imaging) techniques, the concept would greatly improve our understanding of quality and safety of food products, especially intermediate moist foods (IMF).

Understanding of heat and mass transfer in food during processing can be greatly improved by using the non-destructive MRI techniques. Another great feature of MRI is that it allows verification of mathematical models as demonstrated in our previous study. 

The NTP technology provides an alternative process for non-thermal pasteurization and disinfection of liquid and solid foods. Using NTP for solid food disinfection is a novel idea.  It may offer an efficient process to compete with the current disinfection methods.

III. Work planned for next year

1.
Extend our research using the NMR state diagram approach to more food ingredients and products

2.
Understand the fundamentals of the NMR state diagram theory

3.
Develop models for shelf life stability prediction based on the NMR state diagram concept

4.
Continue to study reactions kinetics of physiochemical reactions in foods

5.
Develop new fast imaging techniques for studies of foods structure, and heat and mass transfer

6.
Optimize NTP based techniques for non-thermal process of foods.

7.
Develop new pulsed electric field processors.

8.
Develop processes to incorporate functional ingredients in foods with better quality.
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Objective A.
I. An image processing method for quantifying fiber formation in meat analogs under high moisture extrusion

High moisture extrusion using twin-screw extruders shows great promise for producing meat analog products with vegetable proteins. The resulting products have well-defined fiber formations and resemble real meat in both visual appearance and taste sensation. Developing reliable non-destructive techniques to quantify the textural properties of extrudates is important for quality control in the manufacturing process. In this study, we developed an image processing technique to automatically characterize sample fiber formation using digital imaging. The algorithm is based on statistical analysis of Hough transform. This objective method can be used as a standard method for evaluating other non-invasive methods. We have compared the fiber formation indices measured using this technique and a non-invasive fluorescence polarization method and obtained a high correlation.

II. Investigation of the chemical bonding of soy protein from high-moisture extrusion process
Soy protein has been used to manufacture different types of meat analog and has become one of the major protein sources for vegetarians. In this study, we investigated how extrusion conditions affected the types of chemical bondings and molecular weight distribution in the protein during the texturizing process by measuring protein solubility, Fourier-transform Infrared (FT-IR) analysis, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis SDS-PAGE. A 3(3 (3 moisture contents and 3 cooking temperatures) factorial experiment with 2 replications was conducted. Results of protein solubility showed that the protein structure of the extrudate was supported by hydrogen bonds, disulfide bonds, and hydrophobic bonds. The amount of proteins extracted decreased as the extrusion moisture content decreased (p < 0.05) indicating the formation of higher molecular weight polymers that were also shown in the SDS-PAGE results as the extrusion became more severe. However, SDS-PAGE did not show significant differences in the molecular weight distribution from different samples. FT-IR showed that the supporting structure of the product was β-sheet. Most high molecular weight proteins were structured with disulfide linkages, hydrophobic interactions and hydrogen bonding during the extrusion process.
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Rice flour and rice starch were single-screw extruded and selected product properties were determined. Neural network models were developed for prediction of individual product properties, which performed better than the regression models. Multiple input and multiple output (MIMO) models were developed to simultaneously predict five product properties or three product properties from three input parameters; they were extremely efficient in predictions, with R2 values of greater than 0.95. All models were feedforward backpropagation NN with three layered networks with logistic activation function for the hidden layer and the output layers. Also, model parameters were very similar except for the number of neurons in the hidden layer. MIMO models for predicting product properties from three input parameters had same architecture and parameters for both rice starch and rice flour. 

A non-destructive method based on image processing was developed to measure residence time distribution in a laboratory extrusion process. In this method, a* values (of L*a*b* colorspace) were measured using image processing instead of colorimetry to determine the concentration of tracer in the product. The method was faster and less subject to human interpretation. The a* values obtained by the two methods were compared, giving a correlation coefficient (r2) greater than 0.98 and a MSE of less than 4.70. The parameters of the residence time distribution (RTD) were found to be similar. Effects of screw speed and barrel temperature on RTD were determined by the image processing method, which correlated well with the previously reported results. Increases in screw speed and temperature resulted in decreases in the mean residence time and increases in degree of mixing. Experiments were done using a 3x2 factorial design with screw speeds of 80, 120 & 160 rpm and barrel temperatures of 120 and 160°C.

A non-labor intensive, non-destructive method based on image processing was developed to measure residence time distribution in a laboratory extrusion process. The a* value (of L*a*b* color space) was measured using image processing instead of a colorimeter

to determine concentration of tracer in the product. The method was faster and less subject to human error. The a* values obtained by the two methods correlated well with r2 > 0.98 and MSE < 4.70. The parameters of the residence time distribution (RTD) were

found to be similar. Effects of screw speed and barrel temperature on RTD as determined by the image processing method correlated well with the previously reported results. Increases in screw speed and temperature resulted in decreases in the mean residence time and increases in degree of mixing. A 3 • 2 factorial design with screw speeds of 80, 120 and 160 rpm and barrel temperatures of 120 and 160 C was used for the experiment.

A mathematical model was developed to simulate fluid flow, heat transfer, and melting kinetics of starch in a co-rotating intermeshing twin-screw extruder (TSE). The partial differential equations governing the transport phenomena of the biomaterial in the extruder were solved by a finite element scheme. For validating the model, the predicted product pressure, bulk temperature at the entrance of the die, and minimum residence time of the biomaterial in the extruder were compared with experimental data. Standard errors of product pressure, bulk temperature at the die entrance, and minimum residence time were about 8.8, 2.8, and 17.3%. Simulations were carried out to investigate profiles of product pressure, bulk temperature, and melt fraction. 

Beef tenderness is an important quality attribute for consumer satisfaction. The objective of this study was to implement hyperspectral imaging to predict 14 day aged, cooked beef tenderness. A pushbroom hyperspectral imaging system ( : 400 - 1000 nm) with diffuse-flood lighting system was developed; spatial, spectral and reflectance calibrations were performed. Hyperspectral images of beef steaks (n=111) at 14 day postmortem were acquired. Slice shear force (SSF) values were used as a tenderness reference. Principal component analysis was carried out on the hyperspectral images to reduce dimension along the spectral axis. The first five principal components explained over 90% variance of all bands in the image. On the principal component images, co-occurrence matrix analysis was conducted to statistically extract textural features. A canonical discriminant model was developed to predict three beef tenderness categories namely tender (SSF=< 21 kg), intermediate (SSF=21.1 to 25.9 kg), and tough (SSF>=26 kg). With a leave-one-out cross-validation procedure, the model predicted the three tenderness categories with 96.4% accuracy. All the tough samples were correctly identified. Hyperspectral imaging shows promise for predicting beef tenderness.
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Objective B - To measure and model process dependent kinetic parameters which affect food quality and safety attributes.

The objectives here were to measure the retention of squalene during conventional processing methods for amaranth and to investigate the antioxidant capacity of the oil rich fraction of amaranth. The processes investigated were puffing and roasting. Puffing was carried out using a single screw extruder with tapered (3:1) screw without a die. Roasting was carried out in a standard tray oven. After processing, the samples were extracted with hexane for six hours and the squalene was quantified using a GC with docosane as an internal standard. L-ORAC method was used to study antioxidant activity of pure squalene and raw and processed lipophilic amaranth extract. Sensory analysis of puffed amaranth seeds processed at different processing conditions was conducted to obtain the processing conditions that would give best organoleptic quality of puffed seeds.

Results showed that squalene was stable during all the processing operations with maximum loss of 12% during roasting (200ºC, 10 min) and no loss during puffing (270ºC-120 rpm) using an extruder. L-ORAC test showed pure squalene to be a weak antioxidant and lipophilic extract of amaranth showed higher antioxidant activity than pure squalene at same concentration, indicating tocotrienols and other minor ingredients were also playing role as antioxidants. Sensory analysis showed that seeds processed at 250ºC and 75 rpm were the most accepted sample with the best organoleptic attributes.

Objective C - To identify and characterize transport mechanisms occurring in food processes.

The adsorption process of β-lactoglobulin on the polyethersulfone-coated surface has been investigated using quartz crystal microbalance with dissipation monitoring (QCM-D), which allowed simultaneous measurements of frequency and energy dissipation changes caused by the formation of β-lactoglobulin layer during the protein adsorption process. QCM-D provided unique and quantitative information about the viscoelastic properties of the adsorbed layer as well as the adsorbed mass change. The results showed that the protein adsorption on the spin-coated polyethersulfone surface consisted of reversible and irreversible adsorption processes, and the irreversible adsorption was the principal factor to cause the permanent protein adsorption onto the polymer surface. The amount of irreversible adsorption of β-lactoglobulin increased significantly, from 380.5 ± 23.2 to 745.5 ± 29.7 ng/cm2 when the concentration of β-lactoglobulin solution varied from 0.1 % to 2.0% (w/v). The pH also played an important role in the protein adsorption. When the pH of the solution varied from 7.0 to 3.0, the amount of irreversible adsorption of β- lactoglobulin increased from 427.1 ± 80.7 to 741.2 ± 135.1 ng/cm2. The results from the analysis of data from frequency shift (Δf) and dissipation shift (ΔD) using the Voigt model suggested that the adsorbed mass was affected significantly by both concentration and pH of the protein solution, but the viscoelastic properties of the protein adlayer on the polyethersulfone-modified quartz crystal surface were affected mainly by protein concentration.

Objective D - To develop mathematical models for simulation, prediction, design, and improvement of food processes. 

In the manufacture of baked and extruded food products, air incorporated during mixing of the food is broken up in the mixer flows. The breakup dynamics of these bubbles defines the final bubble size distribution in the finished product which is critical to the product’s textural quality. The breakup of bubbles in a low Re flow is determined by the Capillary Number, which is the ratio of the viscous to the interfacial stresses acting on the bubble. The objective of this research was to study the effect of changing flow type distribution and the material rheology on the Capillary Number distributions and hence the bubble breakup in continuous mixer flows. Simulated Ca distributions can be used to predict and explain the experimentally measured bubble size distributions in different parts of the mixer. It was found that higher Ca values in extensional flows near the center of the mixing region of a paddle mixer contribute to the maximum breakup as evidenced in the experimental bubble size distributions. Knowledge of the distribution of Ca and flow types in the mixer can be utilized to predict the maximum stable bubble diameters and bubble size distributions in the continuous mixer.

II. Usefulness of Findings

We have investigated the adsorption process of β-lactoglobulin on polyethersulfonecoated quartz crystal surface and the viscoelastic properties of the adsorbed β-lactoglobulin layer using quartz crystal microbalance with dissipation monitoring (QCM-D). The QCM-D data in various protein concentrations and pHs showed similar trends in the adsorption processes; the frequency shift (Δf) and dissipation shift (ΔD) changed rapidly and greatly after the injection of the β-lactoglobulin solutions, followed by minor changes with the adsorption time until the rinsing steps. The adsorption of protein on the membrane polymer surface consisted of reversible and irreversible adsorptions. Because irreversible adsorption was the main factor that causes permanent membrane fouling, the information on the mass and viscoelastic properties of the irreversibly adsorbed protein layers were important to optimize the process condition to reduce the membrane fouling.  We have found that the Δf of β-lactoglobulin depended on both protein concentration and pH of the solution, but the ΔD depended only on protein concentration. These results suggested that the amount of adsorbed mass could be affected by concentration and pH of the β-lactoglobulin solution, but the viscoelastic properties of the protein thin layer were mainly altered by the concentration of protein solution. We have shown that squalene, a health promoting, natural compound found in amaranth, is stable during all the processing operations with little or no loss. We also showed that lipophilic extract of amaranth showed strong antioxidant activity which lends support to amaranth being a healthy food grain with good antioxidants properties. Importantly, processing does not seem to have any detrimental effect on the health promoting properties of amaranth.

III. Work planned for the Next Year

Objective B

In the area of research on the development of a new generation of functional packaging materials, known as controlled release packaging (CRP), which can release active compounds at differentiable rates suitable for enhancing the quality and safety of a wide range of foods during extended storage. Although the potential benefits of releasing active compounds such as antimicrobial packaging and antioxidant from packaging films are well documented, existing films are not capable of releasing these compounds at rates suitable for a wide range of food applications. Therefore we are implementing a new approach to make controlled release a viable option in food packaging. First, we are using an innovative technology, based on the principle of chaotic advection, to generate new polymer blended films with various morphologies (such as multilayer morphology, selective permeable morphology, interpenetrating morphology). We envision that the film morphologies can strongly influence the release of active compounds. Second, we are using a systems approach to investigate four major factors influencing the release of active compounds in CRP: composition of active compounds and polymer components, processing conditions, microstructure of films, and properties of films. By integrating cutting edge food packaging science, innovative smart blending technology, sophisticated physical and imaging analysis, quantitative and qualitative chemistry, and mathematical modeling, we will generate fundamental information that will provide predictive guidance for tailoring CRP films for specific food packaging applications and allow significant advances in this field.

Objective C

We will continue to characterize protein fouling on the modified membrane surface using

SEM techniques. Experimental work planned for the next academic year will also involve GCMD

measurements of protein molecules attached to the modified polymeric membrane surface.

We plan to develop chitosan particulates encapsulated with flavor compounds. The dried

chitosan particulates will be tested for flavor retention and subsequently evaluated for flavor

retention during storage under various external conditions in a shelf life study.

The results of this research will aid regulating agencies (USDA and FDA) in developing

guidelines to ascertain that pressure treatment is adequate to ensure safe food products.

Objective D

We will carry out mathematical modeling and numerical simulation of High Hydrostatic

Pressure (HHP) process to predict temperature distribution in a HHP vessel and experimentally

validate the predictions. Effect of insulation on the vessel wall and food properties on the

temperature distribution will be investigated. Knowledge of spatial variation of temperature is

essential to calculate the amount of inactivation treatment a food product actually receives,

which directly influences the quality and safety of the food product.
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Objective A: 

Thermophysical and dielectric properties of sweetpotatoes were measured at aseptic processing temperatures (~125 °C). This data will aid processors in establishing the appropriate system and process parameters for aseptically processing sweetpotato puree using a continuous flow microwave system. Dielectric properties of pumpable food materials were determined using a benchtop system (offline method) and also using an in-line method. The inline method was found to be a better method for determining the dielectric properties of multiphase foods. 

Objective B: 

Peanuts were blanched using microwaves as an alternate to conventional blanching (using hot air). Previous studies indicated that under certain processing conditions, off-flavors developed in some of the microwave blanched peanut samples. This study focused on determining the process conditions that would eliminate the formation of these off-flavors and the compounds responsible for the formation of off-flavors. The off-flavors were attributed to several compounds and a “total-offnote” value was used to quantify the degree of off-flavor in the peanuts.
Process Cheese Formation: In a joint project with Rich Hartel at U. Wisconsin, we are studying the effects of protein and fat interactions on the rheology of process cheese. Previous research proposed a mechanism describing the effects of cooling rates on casein gelation. This research is attempting to build upon this study by incorporating milkfat into the model system. This past year, we have been investigating the effects of very slow cooling rates (down to 0.03°C/min) on bulk milk fat crystalline microstructure and a model emulsion system using (confocal microscopy), mechanical properties (small angle oscillatory shear) and melting properties (DSC). Interestingly, we see differences in the bulk fat crystalline microstructure and melting profiles at different cooling rates, but these differences don't seem to translate into differences in shear moduli. We are currently pursuing other mechanical measurements (DMA, and penetration hardness) to see if they correlate better with the changes in milk fat crystallization. 

Protein Carbohydrate Complexation: N.C. State developed and patented a method for converting certain proteins into ingredients instantly imparting body and texture to food systems. In this grant, funded by the USDA, a team of scientists is investigating this process for protein modification and the potential for expanding ingredient utility via conjugation of the modified proteins with select carbohydrates. Preliminary results substantiate the existence of the conjugates. Evaluation of the complexes are being performed with various analytical techniques to identify suitable reaction conditions and sustainable processing parameters. The optimal conditions will be used to manufacture new ingredients for comparison with other food stabilizers and application in food systems. 

Objective C: 
An integrated system for heat transfer monitoring and validation has been developed and tested for continuous flow thermal aseptic processing of foods containing large particulate components.

Objective D: 

A computer program for the implementation of conservative design principles for fabrication of simulated food particles used in thermal process monitoring and validation was incorporated. The system integrates the functions of residence time measurement, process lethality establishment, real time time-temperature monitoring, and biovalidation using bacterial spores or cells, and post-process time temperature analysis. A mathematical model was developed to predict temperature change and crust formation during high intensity infrared heating of a food matrix, and to perform parametric analysis of process variables. A series of equations for unsteady state heat transfer, internal heat generation, and a moving boundary demarked by a phase change interface were developed. Beer’s law was assumed to describe subsurface radiant energy absorption. The equations were solved numerically using explicit finite differences and MATLAB. Russet potato was used in a series of radiant heating experiments designed to test the output of the mathematical model. Surface and center temperatures and crust thickness were measured for a range of radiant flux intensities, and the data compared to the simulation output. Simulated surface temperatures agreed well with measured surface temperature during the initial 150 s of heating. Towards the end of the heating time, higher incident radiant flux (26,900 and 22,500 W/m2) resulted in higher simulated surface temperature than laboratory data. A lower flux setting (17,500 W/m2) resulted in lower simulated temperatures than measured. The model was able to predict center temperature for the first 150 s of heating for the higher flux settings, followed by higher measured temperature for 26,900 W/m2 incident flux. Measured center temperature for the lowest flux setting was lower than simulated temperatures throughout the duration of heating. Experimental crust thickness determination was based on sample mass loss. The model did not account for evaporation of moisture at temperatures less than 100 ºC, resulting in lower crust thickness predictions for initial stages of heating. It was hypothesized that variable optical and thermal properties of the matrix, as well as moisture diffusion, and internal pressure build up, were possible causes for deviation of predicted temperatures and crust thickness from laboratory data. The simulation was used as a tool to evaluate parameters that affect radiant heating of products. The affects of radiant flux intensity, matrix reflectance and dissipation coefficient, ambient air temperature, and convective heat transfer coefficient on matrix temperature and crust thickness were tested. Radiant flux intensity and surface reflectance were found to have a large affect on surface temperature, center temperature, and crust thickness. Ambient air temperature and convective heat transfer coefficient were shown to have a direct affect on surface temperature and crust thickness, and an indirect affect on center temperature. Dissipation coefficient parametric analysis revealed the large affect long wavelength dissipation coefficient had on surface temperature. Future work should include measurements of optical properties as a function of wavelength, matrix composition, and sample thickness; an addition of a mass diffusion term and an internal pressure term as a function of temperature and time; and expansion of the model to a two-dimensional configuration with variable radiant flux.
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Kumar, P., Coronel, P., Simunovic, J., Swartzel, K.R., and Sandeep, K.P. 2006. Comparison of dielectric properties of salsa con queso products measured under static-indirect heating and continuous flow-microwave heating conditions. IFT Paper No. 78-D22. 2006 IFT Annual Meeting, June 24-28, Orlando.

Kumar, P., Coronel, P., Simunovic, J., Swartzel, K.R., and Sandeep, K.P. 2006. Dielectric property measurement of particulate and homogenized vegetable salsa ingredients for simulated particle design. IFT Paper No. 78-D23. 2006 IFT Annual Meeting, June 24-28, Orlando, FL.

Kumar, P., Coronel, P., Truong, V.D., Simunovic, J., Swartzel, K.R., and Sandeep, K.P. 2006. Microwave-assisted aseptic processing: dielectric properties of vegetable purees under static and continuous flow conditions. IFT Paper No. 78-D24. 2006 IFT Annual Meeting, June 24-28, Orlando, FL.

Schirack. A.V., Drake, M.A., Sanders, T.H., Sandeep, K.P. 2006. The effect of microwave blanching on flavor compounds in peanuts. IFT Paper No.39-F1. 2006 IFT Annual Meeting, July 24-28, Orlando, FL.

Swartzel ,K.R., J. Simunovic, Lee-Ann Jaykus and K.P. Sandeep ,USDA National Integrated Food Safety Initiative-.Safety of Foods Processed by Four Alternative Processing Technologies: Aseptic Processing Using Continuous Flow Microwave Heating. Presented at the Annual USDA Project Update, Columbus, Ohio, Oct. 19.

Swartzel, K. R. 2005 Multiphase Aseptic Processing-Addressing the US Regulation Considerations. Invited speaker at the Uni-President Enterprise Co. Headquarter and R&D Division, Tainan, Taiwan. 12/12/05.

Swartzel, K. R. 2005 Ultra-pasteurization of Liquid Eggs & Pasteurization of Shell Eggs-the future of Microwave heating. Invited speaker at the FIRDI sponsored workshop for liquid –egg processing. Tainan. Taiwan. 12/14/05.

Swartzel, K. R. 2005. Continuous Flow Microwave Sterilization: the Future is Now! Invited Keynote speaker at the FIRDI/Taiwanese Institute for Food Technology Symposium on Microwave Heating Applications for the Food Industry. Tainan, Taiwan. 12/13/05.

Swartzel, K. R. 2005. Food Processing Case Studies: Engineering the Future-Yesterday, Today and Tomorrow. Invited IFT Fellow lecturer presented in the Southern Food Industry Research & Development Institute, Tainan, Taiwan. 12/12/05.

Swartzel, K. R. 2005. Food Processing Case Studies: Engineering the Future-Yesterday, Today and Tomorrow. Invited IFT Fellow lecturer presented in the National Chong-Hsing University, Taichung, Taiwan. 12/15/05.

Swartzel, K.R. 2005. Food Systems Leadership Institute. Presented at the Winter Meeting of the National Association of State Universities and Land-Grant Colleges, Administrative Heads Section Meeting, Washington, D.C. February 28, 2005.

Swartzel, K.R. 2005. Advancing & Strengthening The Food Chain Adding Value (A Case Study), Developing a New Generation of Leaders, And looking into the Distant Future! Invited Speaker at the International Food Symposium, March 11, 2005-Calgary, Alberta, Canada.

Swartzel, K.R. 2005. Developing individual and institutional leadership for a 21st century food system. Presented at the NASULGC Annual Board on Agriculture Assembly Meeting, Washington, D.C. 11/14/2005.

Swartzel, K.R. 2005. Food Systems Leadership Institute. Presented at the National Extension/Administrators meeting, Nashville, TN. February 17. 

Swartzel, K.R. 2005. Research at a Land-Grant College of Agriculture and Life Sciences (The Next Twenty Years). Presented to the College Of Agricultural and Life Sciences, NCSU, May 19.

Swartzel, K.R. 2005. Transition to Self-Sufficiency: Critical Questions. Invited presentation at the Annual Meeting of the National Science Foundation IUCRC Center Director’s Conference. Washington, D.C. January, 13.

Swartzel, K.R. 2005. Your Leadership Toolbox Presented at the 1st Residential week of the FSLI, Chapel Hill, October 7.

Swartzel, K.R. and C. Fernandez. 2005. Food Systems Leadership Institute Curriculum Update. Presented at the NASULGC Annual Administrative Heads Meeting, Washington, D.C. 11/14/2005.

Swartzel, Ken and Josip Simunovic. Validation of Continuous Aseptic Processes Including Particulate Foods Presented at the Institute for Thermal Processing Specialists 24th Annual Conf.& General Meeting February 22—24, 2005 Orlando, FL.

Publications

Barrangou, L.M., Daubert, C.R. and E.A. Foegeding. 2006. Textural properties of agarose gels. I.Rheological and fracture properties. Food Hydrocolloids. 20: 184-195.

Barrangou, L.M., Drake, M.A., Daubert, C.R. and E.A. Foegeding. 2006. Sensory texture related to large-strain rheological properties of agar gels. J. Texture Stud. 37: 241-262.

Barrangou, L.M., Drake, M.A., Daubert, C.R. and E.A. Foegeding. 2006. Textural properties of agarose gels. II. Relationships between fracture properties, small-strain rheology, and sensory texture. Food Hydrocolloids. 20: 196-203.

Boldor, D., Sanders, T.H., Swartzel, K.R. and Farkas, B.E.. 2005. A model for temperature and moisture distribution during continuous microwave drying. J. of Food Process Engineering. Vol 28, pp 68-87.

Boldor, D., Sanders, T.H., Swartzel, K.R., and Farkas, B.E. 2005. A model for temperature and moisture distribution during continuous microwave drying. J. Food Process Engineering, (28) 68-87.

Coronel, P., Truong, V.D., Simunovic, J., Sandeep, K.P. 2005. Aseptic processing of sweet potato puree using a continuous flow microwave system. Journal of Food Science. Vol. 70(9): E531-E536.

Grabowski, J.A. Truong, V-D, and C.R. Daubert 2006. Effects of alpha-amylase, maltodextrin, and drying temperature on the physicochemical properties of spray-dried sweetpotatoes. J. Food Sci. 71(5): E209:217.

Hamann, D., Zhang, J., Daubert, C.R., Foegeding, E.A. and K.C. Diehl. 2006. Analysis of compression, tension and torsion for testing food gel fracture properties. J. Texture Stud. In Press. Schirack, A.V., Drake, M.A., Sanders, T.H., Sandeep, K.P. 2006. Impact of microwave blanching on the flavor of roasted peanuts. Journal of Sensory Studies. Vol. 21(4): 428-440.

Zhang, J., Daubert, C.R. and E.A. Foegeding. 2005. Fracture analysis of alginate gels. J. Food Sci. 7: E425-431.

Zhang, J., Daubert, C.R. and E.A. Foegeding. 2006. A proposed strain-hardening mechanism for alginate gels. J. Food Engineering. In Press.

Zhang, J., Daubert, C.R. and E.A. Foegeding. 2006. Polyacrylamide gels as elastic models for food gels: fracture properties affected by dextran and glycerol. J. Texture Stud. 37: 200-220.

Zhong, Q., C.R. Daubert and B.E. Farkas. 2005. Cooling effects on processed cheese functionality. J. Food Process Engineering, (27) 392-412.

Patents

Resch, J.R. and C.R. Daubert. “Process for Producing Cold-Gelling Hydrocolloids.” US Patent 6987182. Issued 1/17/06.

Simunovic; Josip ,Swartzel; Kenneth R. Adles, Eric. Method and system for conservative evaluation, validation and monitoring of thermal processing , issued February 28,2006, US patent # 7,004,620.

Published Patent Applications:

Simunovic; Josip , Swartzel, Kenneth R., and Adles, Eric. Method and system for conservative evaluation, validation and monitoring of thermal processing. Publication # 20060133449 , June 22, 2006.

Simunovic, Josip, Swartzel, Kenneth R.,Truong,Van-Den, Cartwright, Gary, Coronel, Pablo, Sandeep, Kandiyan Puthalath, and Parrott, David. Methods and apparatuses for thermal treatment of foods and other biomaterials, and products obtained thereby. Publication # 20060151533 , July 13, 2006.

Books and book chapters

Steffe, J.F. and C.R. Daubert (2006) Bioprocessing Pipelines: Rheology and Analysis. Freeman Press, East Lansing, MI.
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Task: Intelligent sensors for food quality and safety. (Suranjan Panigrahi)

Ensuring safety in our food system is a high priority for our nation. Intelligent quality sensors (IQS) refer to the devices that are robust, adaptable, and accurate and could be used to provide critical quality information about food and agricultural products. To make their integration in food systems more useful, we also need to make the sensors cost-effective, non-destructive, and portable. Recent advancements in non-destructive and intelligent sensing techniques along with the rapid growth of computer based hardware/software technologies show promise. However, independent research needs to be done to identify, adapt, and develop sensing techniques and sensors for rapid and non-destructive quality evaluation of food and agriculture products to ensure safety as well to enhance their value.

The long-term goal of this research is to develop miniaturized portable sensors that can provide quality information to users about specific food and agricultural products. Because the meat and grain industries are important segments of U.S. agriculture and food industry, the research will focus on these food products. The short-term goal of this research is to develop small size, handheld integrated sensors that can be used to provide quality information to users about specific food and agricultural products. We hypothesize that the metabolites can be used as an indicator to alert the consumer regarding safety and quality of the food products. 

We have adopted multidimensional approaches for developing/integrating integrated olfactory sensing system for sensing the headspace of packaged beef to evaluate spoilage and Salmonella contamination in the meat. We have also evaluated a commercially available system for which we have developed our in-house developed software and algorithm. We have taken a module approach and each of the modular sensing system could operate separately and all the sensing modules could work together to provide sensor fusion framework for sensing. The detectors we have used are based on metal oxide. We have also used infra-red based olfactory sensing using FTIR spectroscopy. The overall average maximum accuracy for detecting a packaged beef was more than 90%. For Salmonella contamination detection, the overall average maximum accuracy ranged from 85-93%. We have observed variations among biological samples (meat). Current work involves in developing and testing novel sensing materials or sensing technique that could detect specific compounds in low concentrations. This research has been supported by USDA-CSREES.

Soymilk characterization (Sam Chang)

Research is in progress for soymilk beany flavor and trypsin inhibitor inactivation by processing methods including  traditional and UHT heating.  Kinetic analysis for inactivation will be carried out. Additional emphasis are given on i) Phytochemical retention in legume foods after cooking, steaming, direct steaming and extrusion and ii)  how food processing affect chemical compositions, antioxidant activities, bioavailability and antitumor activities as determined by cell culture methods. Focus will be given on how physical separation methods affect fats content in soy foods. This research is supported by USDA NRI and local commodity groups.
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Objective A

A device has been developed for measurement of electrical conductivity of foods under high pressures.  Data on selected foods indicates an increase of conductivity with pressure up to 400 MPa, followed by a decreasing trend at higher pressures.  Thermal conductivity of selected food components in-situ under high pressure were determined using custom fabricated high-pressure processor. A device has also been developed for measurement of pH of foods under pressure, showing that pH tends to decrease with increasing pressure.  The mass diffusivity of sodium chloride through vegetable tissue has been determined, and found to be influenced significantly by the presence of an electric field.  Ionic mobilities are being determined.


Tomatoes were coated with calcium by liquid dipping and electrostatic powder coating to determine which process produced the greatest increase in firmness and drained weight.  Antimicrobials were applied by electrostatic and nonelectrostatic means to show that the increased evenness of electrostatic coating improves functionality.  Corona, electropositive tribocharging, electronegative tribocharging and nonelectrostatic coating were compared to determine which produces the best powder coating.  Conditions under which electrostatic coating improves adhesion were determined.  

The effect of high pressure processing on the diffusion of salt in turkey meat was investigated. Moisture migration in bread was tested to determine the effective diffusion coefficient of water in bread. 

Objective B

Studies on bacterial growth under the influence of moderate electric fields shows that the waveform and/or the presence of harmonics has significant effects on the growth and bacteriocin production kinetics.  Bacteriocin production was significantly influenced by waveforms with harmonic components, while growth kinetics was significantly influenced by purer waveforms.  We also determined the migration of electrode components into foods during processing in an ohmic heating pouch for long-duration space missions.  The use of pulsed power significantly reduced such migration. The kinetics of color and texture change during potato chip baking, frying, and microwaving were determined. Linear and non-linear inactivation kinetics of surrogate spores during pressure-assisted thermal processing has been determined. The influence of food matrix and storage conditions on spore inactivation during PATP was evaluated. The capability of infrared spectroscopy combined with multivariate analysis to detect, discriminate, and predict the viable spore levels of various bacterial spore samples was investigated. Effect of immobilization on kinetics of amylase enzyme was studied.

Objective C

A study is being conducted on the various factors influencing residence time distribution in a pilot scale ohmic heating system, using an RFID tag methodology described a year ago.

Objective D

Models have been developed for optimization of electrode configurations in an ohmic heating pouch system, using 3D models.  Pouch design has since been modified, and heat transfer experimental studies, as well as inoculated pack studies are being conducted.  Modeling work on continuous flow ohmic heating and the diffusion process continues.


Thermal conductivity models were developed for dry, porous baked foods.

II.
USEFULNESS OF FINDINGS

Ohmic, High Pressure Processing (HPP) and Pulsed Electric Field (PEF) studies will help improve and optimize equipment for the food industry.  The improved understanding of electrostatic coating, combined with tests in our lab, has resulted in several companies using the technology commercially. 

The improved understanding of electrostatic coating, combined with tests in our lab, has resulted in several companies using the technology commercially 

III.
WORK PLANNED FOR NEXT YEAR

Microbiological verification studies on ohmic heating of a variety of foods will be conducted as part of a NASA grant for reheating and sterilization of food, waste and water.  Safety of foods processed by ohmic heating, pulsed electric fields, high pressure and microwave heating will be studied in detail with a view to establish process filing protocols.  Physical property studies under high pressures will be conducted.  

Modeling of the electrostatic coating process.  Modeling and quantification of the different forces contributing to the adhesion of seasoning onto potato chips. 

IV.
PUBLICATIONS

Manuscripts

1.
Jun, S., and Sastry, S.K. 2005. Modeling and Optimization of Ohmic Heating of Foods inside a Flexible Package. J. Food Proc. Engr. 28 (4): 417-436.

2.
Samaranayake, C.P., Sastry, S.K. and Zhang, Q.H. 2005.  Pulsed Ohmic Heating – A Novel Technique for Minimization of Electrochemical Reactions During Processing.  J. Food Sci. 70 (8): E460-E465.

3.
Sastry, S.K. 2005.  Ohmic Heating. Chapter 4.2 in:  Encyclopedia of Life Support Systems, G.V. Barbosa Cánovas, Editor,  Pp: 425-433, EOLSS Publishers, Paris, France.

4.
Assiry, A.M., Sastry, S.K., and Samaranayake, C. 2006. Influence of temperature, electrical conductivity, power and pH on ascorbic acid degradation kinetics during ohmic heating with stainless steel electrodes. Bioelectrochemistry 68:7-13. 

5.
Icier, F., Sastry, S.K., and Ilicali, C.  2006.  Effect of operating conditions and perturbations on the ohmic heating rate of salt solutions. J. Food Sci. & Technol. Mysore, 43(2):140-144.

6.
Sheung, K.S.M., Sastry, S.K. and Min, D.B. 2006. Diffusion coefficient of orange juice flavor compounds into packaging materials: a mathematical model. Lebensm. Wiss. U- Technologie. 40(1):157-163.

7.
Salengke, S., and Sastry, S.K.  2006. Effects of ohmic pretreatment on oil uptake of potato slices during frying and subsequent cooling.  J. Food Proc. Engr. (Accepted for publication).

8.
Kulshrestha, S., and Sastry, S.K. 2006.  Low-frequency dielectric changes in cellular food material from ohmic heating: effect of end point temperature.  Innovative Food Sci. & Emerg. Technol. (In press).

9.
Jun, S., and Sastry, S.K. 2006. Reusable Pouch Development for Long Term Space Mission: 3D Ohmic Model for Verification of Sterility Efficacy. J. Food Engr. (Accepted for publication).

10.
Salengke, S., and Sastry, S.K.  2005. Effects of ohmic pretreatment on oil uptake of potato slices during frying and subsequent cooling.  J. Food Proc. Engr. (Accepted for publication).

11.
Rao S and Barringer SA 2006. Calcification of diced tomatoes by liquid dipping versus electrostatic powder coating.  J Food Process Pres 30(1): 71-78.

12.
Das DJ and Barringer SA. 2006. Potassium hydroxide replacement for lye (sodium hydroxide) in tomato peeling. J Food Process Pres 30(1): 15-19.

13.
Barringer SA and Bircan C.  2006.  Use of the dielectric properties to detect protein denaturation.  In Advances in Microwave and Radio Frequency Processing. Report from the 8th International Ampere Conference on Microwave and High Frequency Heating. M. Willert-Porada, Ed. Springer New York 107-118.

14.
Amefia A, Abu-Ali JM and Barringer SA. 2006. Improved functionality of food additives with electrostatic coating.  Innov Food Sci Emerg Technol 7(3): 176-181.

15.
Mayr MB, Barringer SA. 2006. Corona compared with triboelectric charging for electrostatic powder coating.  J Food Sci 71(4): E171-177.

16.
Reyes C, Barringer SA, Uchummal-Chemminian R, Kaletunc G. 2006. Thermal conductivity models for porous baked foods.  J Food Process Pres 30(4): 381-392.

17.
Halim F and Barringer SA 2006. Electrostatic adhesion in food.  J Electrostat accepted.

18.
Yost M, Abu-Ali JM, Barringer SA. 2006. Kinetics of Potato Color and Texture Development during Baking, Frying, and Microwaving with the Addition of Liquid Smoke.  J Food Sci accepted.

19.
Li, Si-Quan,  Howard Q. Zhang, V.M. Balasubramaniam,  Young-Zoon Lee, Joshua A.  Bomser,  Steven J. Schwartz, and  C. Patrick Dunne. 2006. Comparison of effects of high pressure processing and heat treatment on immunoactivity of bovine milk immunoglobulin G in the enriched soymilk under equivalent microbial inactivation levels. Journal of Agricultural and Food Chemistry. 54(3), 739-746.

20.
Rajan, S.,  J. Ahn, V. M. Balasubramaniam and A. E. Yousef. 2006. Combined pressure-thermal inactivation kinetics of Bacillus  amyloliquefaciens spores in mashed egg patties. Journal of Food Protection. 69(4) 853-860.

21.
Rajan, S., S. Pandrangi, V.M. Balasubramaniam, and A.E. Yousef. 2006. Inactivation of Bacillus stearothermophilus spores in egg patties by pressure assisted thermal processing. Lebensmittel-Wissenschaft-und-Technologie . 39(8), 844-851

22.
Juliano, P., M. Toldrà, T. Koutchma, S. Clark, V.M. Balasubramaniam, J.W. Mathews, C.P. Dunne, and G.V. Barbosa-Cánovas. 2006. Texture and water retention improvement in high pressure thermally sterilized scrambled egg patties. Journal of Food Science. 71 (2), E52-E61.

23.
Patazca, E., T. Koutchma, and V. M. Balasubramaniam. 2006. Quasi-adiabatic temperature increase  during high pressure processing of selected foods. J. Food Engineering. In press.

24.
Rastogi, N.K., K.S.M.S. Raghavarao, V.M. Balasubramaniam, Niranjan, K. and Knorr, D. 2005. Opportunities and challenges in high pressure processing of foods. Critical Reviews in Food Science and Nutrition. In press. 

25.
Raghupathy Ramaswamy, Juhee Ahn, V.M. Balasubramaniam, Luis Rodriguez Saona and Ahmed E. Yousef. 2006. Food Safety Engineering. In “Food Machinery Handbook," edited by Myer Kutz, William Andrew Publishing, Norwich, NY. In press.

26.
Updike, M. S., Zerby, H., Utrata, K.L., Lilburn, M., Kaletunc, G., and Wick, M. 2006. Proteins Associated with Thermally-Induced Gelation of Turkey Breast Meat. J Food Sci. accepted

27.
Kaletunç, G., Duemmel, K., and Gecik, C. 2006. Teaching process engineering principles using an ice cream maker. Chemical Engineering Education. accepted.

Abstracts
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Ramaswamy, R., Balasubramaniam, V.M., and Sastry, S.K. 2006.  Thermal conductivity of selected liquid foods under high pressure.  Abstract No. 039J-02.  IFT Annual Meeting, Orlando, FL., June 24-28.

2.
Min, S., Sastry, S.K., and Balasubramaniam, V.M. 2006.  In-situ electrical conductivity measurement of foods under high pressure.  Abstract No. 039J-04.  IFT Annual Meeting, Orlando, FL., June 24-28.

3.
Loghavi, L., Sastry, S.K., and Yousef, A.E. 2006.  Effect of moderate electric field at different frequencies on the growth kinetics of Lactobacillus acidophilus.  Abstract No. 078D-31.  IFT Annual Meeting, Orlando, FL., June 24-28.

4.
Jun, S., Sastry, S.K., and Somavat. R. 2006.  Reusable pouch development for long-term space mission: thermal distribution in 3D and food contamination of ohmically heated pouches.  Abstract No. 078D-35.  IFT Annual Meeting, Orlando, FL., June 24-28.

5.
Sarang, S., and Sastry, S.K. 2006.  A kinetic study of salt diffusion in vegetable tissue at high temperature as a pretreatment for ohmic heating.  Abstract No. 078D-38.  IFT Annual Meeting, Orlando, FL., June 24-28.

6.
Tulsiyan, P., Sarang, S., and Sastry, S.K.  2006.  Radio frequency identification.  Residence time distribution of a multicomponent system inside an ohmic heater. Abstract No. 078D-39.  IFT Annual Meeting, Orlando, FL., June 24-28.

7.
Sastry, S.K. 2006.  Ohmic and moderate electric field processing. Abstract No. 106-02.  IFT Annual Meeting, Orlando, FL., June 24-28.

8.
Antoniewski M, S Barringer, L Knipe, H Zerby.  2006.  Effect of hydrolyzed gelatin coating on the shelf-life of fresh meats. IFT Annual Meeting 039I-13.

9.
Buck V, S Barringer.  2006.  Factors dominating adhesion of salt onto potato chips. IFT Annual Meeting 078E-20.

10.
Xu Y, S Barringer.  2006.  The influence of relative humidity on corona electrostatic coating. IFT Annual Meeting 078E-21.

11.
Ratanatriwong P, S Barringer, P. Tanasukarn, S. Suwansri. 2006.  Development of seasoned fried banana chip coated by electrostatic powder coating. IFT Annual Meeting 020I-14.

12.
Yousuf S, S Barringer.  2006.  Modeling nonelectrostatic and electrostatic coating for an aerodynamically fed food coating machine. IFT Annual Meeting 078E-22.

13.
Setyo D, SA Barringer. 2006. Effect of pH and polarity on the electrostatic coating of food powders. Electrostatics Society of America Annual Meeting. 

14.
Akdemir, Evrendilek G. N. Koca, W. Harper, V. M. Balasubramaniam. 2006. Inactivation of Listeria monocytogenes in Turkish white cheese by high pressure processing. Abstract no. 039J-17. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

15.
Akdemir Evrendilek, G. and V. M. Balasubramaniam. 2006.  High pressure processing of yogurt drink inoculated with Listeria monocytogenes and Listeria innocua. Abstract no. 039J-18. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

16.
Ahn, J., A. E. Yousef, V. M. Balasubramaniam. 2006. Biphasic inactivation kinetics of spore-forming bacteria by pressure-assisted thermal processing. Abstract no. 017-06. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28. 

17.
Li, S., and  V. M. Balasubramaniam. 2006. Effects of pressure-assisted thermal processing on the quality of green bean segments. Abstract no. 072-05. Annual Meeting of Institute ofFood Technologists, Orlando, FL. June 24-28.

18.
Ramaswamy, R. and V. M. Balasubramaniam. 2006. Compression heating behavior of selected liquids of varying polarity index and fatty acids of varying carbon chain length and degree of saturation. Abstract no. 039J-03. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

19.
Subramanian, A.S., Ahn, J., Balasubramaniam, V.M., Rodriguez-Saona, L.E. 2006. Prediction of bacterial spore inactivation kinetics during pressure assisted thermal processing by Fourier transform infrared spectroscopy. Pittsburgh Conference. Orlando, FL, March 12-17.

20.
Subramanian, A.S., J. Ahn, V.M. Balasubramaniam, L. E. Rodriguez-Saona. 2006. Novel Fourier-transform infrared spectroscopy based technique to monitor bacterial spore inactivation in pressure-assisted thermal processing. Abstract no. 003A-02. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

21.
Villacis, M.F. and V. M. Balasubramaniam. 2006. Effect of high-pressure processing on salt diffusion in turkey breast. Abstract no. 039J-05. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

22.
Yoo, S.R., D. B. Min, V. M. Balasubramaniam, M. A. Pascall. 2006.  High pressure processing and the mass transfer of Irganox 1076 in polyethylene films and 95% ethanol. Abstract no. 054C-12. Annual Meeting of Institute of Food Technologists, Orlando, FL. June 24-28.

23.
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Approved Manuscripts, Theses and Miscellaneous Reports
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Tulsiyan, P. 2005. Electrical Conductivity of Multi-component Systems and their Residence Time Distribution.  M.S. Thesis.  The Ohio State University.

2.
Gupta, S. 2005. Application of Ohmic Heating in Prevention of Fouling of Concentrated Milk and Lye Peeling of Pears. M.S. Thesis.  The Ohio State University.

3.
Mayr M. 2005. Corona vs triboelectric charging for electrostatic powder coating

4.
Bebko M. 2005. Kinetics of potato color and texture development during baking, frying, and microwaving with the addition of liquid smoke

5.
Johnson D. 2006. The influence of food physical properties on transfer efficiency and adhesion in a tumble drum process
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1. Progress of work and principal accomplishments for each objective

· Objective A: To develop and verify methods for characterization, measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

Fruit and vegetable products with enhanced health benefits (Zhao, Traber-Nutrition, Daeschel-Food Microbiology, Strik-Horticulture, Lin=Food Innovation Center)

Foods exhibiting a porous microstructure can be impregnated, that is, their pores can be filled with a suitable solution by introducing solvents and solutes of choice into the porous spaces that are usually occupied by gas. In addition, air (oxygen) in the pore of fruits and vegetables can be expelled during vacuum impregnation (VI), thus controlling browning discoloration in some fruits and vegetables. Fruits are good examples of foods having a microporous structure, which can be impregnated by VI. Other benefit of VI process includes modulating the texture quality of fruits and vegetables, thus creating products for meeting the specific needs of different consumer groups.

An edible coating is a thin layer of edible material applied on the surface of foods, and has been used as a semipermeable barrier on the surfaces of food to extend shelf-life. Edible coatings have been used as a semipermeable barrier on the surfaces of fresh fruits and vegetables to retard dehydration, suppress respiration, improve texture and mechanical integrity, enhance handling characteristics, help retain volatile flavor compounds and reduce microbial growth. Detailed information on coatings for fruits and vegetables is presented in several reviews (Baldwin, 1994; Baldwin and others, 1995; Nisperos and Baldwin, 1996; Torres and others, 1998). 

An edible coating can be used as a carrier for physiologically active components (PACs) that are missing or present in very low quantities in the food to be coated to enhance the nutritional value and health benefit of fruits and vegetables (Han and others, 2004, 2005). Calcium, zinc, and vitamin E have been identified as important PACs that need to be fortified in fruits and vegetables. Our goal is to obtain approximately 15 to 20% of the DRI value for each nutrient in 200 g samples. According to FDA Food Packaging Labeling Guidelines, this level would allow the claim of “High in xx nutrients” on the package label.

In-line/real-time optical measurements (Torres, Anderson/Malencik-Biochemistry & Biophysics, Huerta-México), Velazquez-México), Rodrigo-México)

Using commercial optical components, the Centro de Investigación en Ciencia Aplicada y Tecnología Avanzada (CICATA) in México and the Food Process Engineering Group (FPEG) designed, built and tested two almost identical systems measuring scattered light, transmitted light (TL), and the overall optical rotation (OR) of chiral compounds (Huerta-Ruelas and others, 2007). The system included a National Instrument data acquisition card (6036E) to control laser intensity and to acquire the following data: signal proportional to OR, transmitted light, laser light intensity and sample temperature measured with an RTD. The high sensitivity of optical measurements, the versatility of the system configuration, and the potential of this method as an in-line/real-time tool for quality control and research were demonstrated (Huerta-Ruelas and others, 2007). 

An application currently under study is the use of optical techniques to determine thermal effects on proteins. All amino acids, except glycine, have chiral carbon atoms and their optical activity is influenced by changes in the protein structure. In a study of thermal effects on bovine serum albumin (BSA), a protein frequently studied by DSC methods, OR values at room temperature were proportional to the concentration of the BSA sample. Experimental TL and OR values during the heating from room temperature to ~85°C for 1, 2.5 and 5 % BSA were plotted against time. Denaturation temperature (Td) was identified as the intersection of lines fitted to the experimental data before and after a slope change in the OR signal, indicating conformational changes of BSA. TL1, revealing protein gel formation, was identified as the intersection of lines fitted before and after a slope change in the TL signal. Protein concentration did not affect BSA Td values in agreement with the conclusion of some but not all previously published studies. In conclusion, this optical system can be used to study protein denaturation with acceptable levels of accuracy (consistency with published Td values) and precision (coefficient of variation under 2.5%). A similar analysis for the determination of TL1 values was not possible because literature data was not available for comparisons (Kongraksawech and others, 2007).

· Objective B: To measure and model process dependent kinetic parameters which affect food quality and safety attributes.

Pressure induced pH shifting to improve HPP lethality (Shellhammer and collaborators at Ohio State University)

Weak acids (HA) present or added to food equilibrate between the undissociated acid (HA) and its ions (A- and H+). Under high pressures, water forms condensed layers around these charged species producing an overall volume change that is negative for negatively charged anions and positive otherwise. The pH shift is temporary and only persists while the system is under pressure. This phenomenon is being investigated as a means of improving process lethality with vegetative cells as well as bacterial spores. Given that lethal treatments across most food processing technologies are highly influenced by pH, we hypothesize the same to be the case with pressure processing.

Improved quality and novel high pressure food processing applications (Torres, Qian-Analytical Food Chemistry, Sarker-Spore Microbiologist, Velazquez-Mexico, Saraiva-Portugal, Sanz-Spain, Martino-Argentina)

Traditional preservation methods, such as heat processing, alter these freshness features while minimal processing strategies can meet this consumer goal but cannot ensure the safety of many foods. Hydrostatic pressure processing (HPP) has been proposed as an alternative to heat treatments 
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	Fig 1. Principal component analysis of pressure-assisted thermal treatment of milk


ensuring their safety while keeping product freshness and an acceptable refrigerated shelf life. However, in some cases long processing times makes HPP a costly manufacturing procedure and there is also a need to develop processes for shelf-stable pressure-treated foods. Preliminary research on 27 aroma compounds associated with the flavor of heat-treated milk showed that short-time pressure-assisted pasteurization yields products of shelf-life superior to those achieved by conventional processes while retaining a similar quality. Figure 1 shows a principal component analysis (PCA) of those 27 aroma compounds in experimental and commercial milk. Commercial pasteurized milk (PA, PB) fell in the same group occupied by moderate pressure samples with a shelf-life >45 d. Interestingly, more severely treated milk (620 MPa/60°C) moved in a direction different from the one for commercial UHT milk (UA,UB) which has a flavor profile rejected by US consumers (Vazquez- Landaverde and others, 2006).

	

	Fig 2. Kinetic analysis of pressure-assisted thermal treatment of milk


We need to develop strategies that allow the inactivation of baroresistant enzymes and bacterial spores so as to develop shelf-stable low-acid foods. Ongoing research on enzyme and microbial inactivation, particularly spore inactivation, has shown the need for combined pressure/heat treatments. Therefore, there is a need to investigate two specific aspects of thermal degradation reactions in food systems under pressure: (1) determination of food quality degradation kinetics to optimize the food quality obtained from pressure-assisted thermal process; and (2) demonstration that toxic chemicals are not produced. We have addressed this first question by examining the pressure effect on the thermal reactions responsible for the formation of volatiles in milk. Hydrostatic pressure places a constraint on volume, and hence reactions with a negative activation volume change (V* <0) are accelerated, those involving a positive change (V* >0) are inhibited, and those with no volume change are unaffected by pressure. Reactions observed during heat treatment may not be observed in HPP products if a large positive activation volume change (V*) reduces reaction rate to negligible values. A V* analysis was conducted on milk subjected to conditions approaching pressure-assisted sterilization (Fig. 2). In milk, volatile formation was inhibited or not affected by pressure in the majority of the 27 compounds measured in milk and involving a variety of chemical pathways. Furthermore, many compounds were not formed at all in treated samples indicating that large positive V* values reduced their formation rates to negligible levels. This favorable finding strongly suggests that combined pressure/heat treatments may yield shelf-stable products with quality superior to that achieved by conventional sterilization (Vazquez- Landaverde and others, 2007).

Advances have also been made on the effect of combined heat and pressure on the inactivation of bacterial spores. The effects of combined hydrostatic pressure and high temperature on spores of C. perfringens type A isolates and C. sporogenes in citric acid buffer at pH 4.75 and 6.5 have been determined. At both pH values, no significant inactivation was observed after 15 min of moderately low-temperature (55°C) pressure treatments of the strains tested in this study. Spores of C. sporogenes and of C. perfringens plasmid cpe (P-cpe) isolates were moderately inactivated after a more severe treatment (15 min at 550 MPa, 75°C and pH 4.75). Spores of C. perfringens type A chromosomal cpe (C-cpe) isolates were affected only by the most severe treatment (15 min at 650 MPa, 75°C, and pH 4.75). Spores of C. sporogenes strains and of P-cpe isolates where also significantly inactivated by this treatment. There was only a 0.6 fold difference in pressure resistance between C-cpe isolates and P-cpe isolates. These results suggest the needs for further development of high-pressure treatment strategies that will efficiently inactivate spores of cpe-positive C. perfringens type A and C. sporogenes in food products. Spores from C-cpe isolates are often responsible for food-borne illnesses caused by temperature-abused heat-treated food due to their much higher resistance to sublethal thermal treatments (Sarker and others, 2000; Wen and McClane, 2004). The small difference in pressure resistance between spores of C-cpe isolates and those of P-cpe isolates raises concern from a food safety perspective. In addition to spores of C-cpe isolates, spores of P-cpe isolates could survive sublethal pressure treatments, especially in low acid foods where pressure treatments might trigger spore germination (Paidhungat and others, 2002) and ultimately cause food poisoning. In addition, spores of C. sporogenes might also survive sublethal pressure treatments and cause food spoilage with important economic losses to the food industry. Further research is needed for developing strategies to effectively inactivate spores of C. perfringens type A carrying cpe either on the chromosome or on the plasmid as well as of C. sporogenes. These strategies could focus on the combination of high temperature and hydrostatic pressure (HTHP) and chemicals known to induce spore-germination (i.e., L-alanine). Collectively, these findings suggest that at the pressure levels that commercial pressure vessels allow, spores of C-cpe isolates could be potential threats for food poisoning in both acidic and near neutral pH foods. Spores of C. sporogenes strains could be a potential source of food spoilage and of P-cpe isolates might be a potential threat for food poisoning mainly in near neutral pH foods. Finally, the lack of correlation between pressure and heat resistance makes it difficult to select a specific strain as a model spore for further work on high pressure treatment strategies to efficiently inactivate spores of cpe-positive C. perfringens type A. Among the isolates screened in this study, strain E13 a C-cpe isolate, seems to be a suitable candidate (Paredes-Sabja and others, 2007).
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I.
Progress of work and principal accomplishments:

Objective A:
To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

Better knowledge of both heat and mass transfer during microwave heating would be needed to take full advantages of microwave heating.  Currently, commercial computational tools are able to predict heat and mass transfer during conventional heating.  These models, however, depend on a priori knowledge of the nature of the heat generation and its intensity distribution in space and time.  The microwave heat generation is best understood by using Maxwell’s equations, which require knowledge of the dielectric properties that govern the interaction.  Many of the models in the literature have used simplifications to these equations that limit their accuracy, and cannot correctly predict the intensity and distribution of heat generation during microwave heating.  Microwave heat generation is a function of the dissipated power produced when microwaves are absorbed by the system in question.  Dissipated power follows directly from application of Maxwell’s equations, but the application of these equations to a real system usually requires the use of a numerical method like the Finite Difference Time Domain (FDTD) method, which was used in this work.

The general objective of this work was to study the behavior of starch in dilute aqueous suspension during microwave heating, while examining the effect of starch type and temperature on the dielectric behavior of the suspensions.  This research focused on water-starch and water-starch-sodium chloride systems, using different types of corn starch and also potato starch.  In the first part of this study, the swelling behavior of dilute aqueous suspensions of common corn starch, waxy maize starch, and cross-linked waxy maize starch was measured in-line in a microwave-heated, well-mixed system.  The heating rate was controlled (5 (C/min) to match the rate used in a previous study conducted with conventional heating in order to allow comparison between the results of both studies.  No significant difference was found between the two studies in the maximum diameters and the temperature of maximum swelling. The plot of median diameters against temperature showed the same features for both studies.  Thus, no “athermal effect” or “microwave effect” was observed in this study.

In view of the similarities observed between the two studies, it seemed reasonable that microwave heating of dilute starch suspensions could be modeled using available numerical methods, if heat generation data could be obtained.  Heat generation for microwaves is a function of the dielectric properties.  In the second part of this work, a method to measure the dielectric properties of dilute starch suspensions in-line during microwave heating was developed.  The results show that the dielectric properties of dilute suspensions (3% w/w) of waxy maize, common corn, and potato starches in general follow the properties of water.  Among the differences observed, a lower (r′ may be caused by a dilution effect of the starch at least at temperatures lower than gelatinization.  The dielectric loss ((r″) was higher for the starch suspensions than for water, and it is hypothesized that this is caused by a higher main relaxation time, the contribution of conductivity due to ions associated with the starch, and, possibly, to the presence of a second relaxation peak at frequencies lower that those measured.  Additional measurements with waxy maize suspensions (3% w/w) with added NaCl (2% w/w) show a greatly increased (r″ and a decrease in (r′.  The decrease of (r′ is lower than that predicted for water-NaCl solutions by the Hasted-Debye model, suggesting that starch decreases the effect of conductivity in this system.  Anomalous curvature at low frequencies for (r′ is hypothesized to correspond to electrode polarization.  The results of these measurements were used to fit a model consisting of a Debye-Hasted model with an additional relaxation peak.

The third and last part of this study used the measured dielectric properties with the FDTD method to model the electromagnetic field distributions inside a bowl filled with dilute starch suspensions as it was heated in a domestic microwave oven.  In addition to the electromagnetic field distribution, the results of the model included the specific absorption rate (SAR), which is a quantity related to dissipated power.  This model was meant as a first step in the development of a full model, capable of predicting both heat and mass transfer during microwave heating of food systems.

Objective B:
To measure and model process dependent kinetic parameters which affect food quality and safety attributes. 

L. monocytogenes is a Gram positive foodborne pathogen which causes the rare, but potentially fatal, disease listeriosis. Listeriosis is commonly associated with consumption of raw milk, soft cheeses, hot dogs and deli meats.   The aim of this study was to explore the effect of a wide range of growth temperatures, growth phases and plating media on the inactivation of Listeria monocytogenes by high pressure processing (HPP).  In part one, L. monocytogenes was grown to mid-stationary phase at 4, 15, 25, 35 or 43 (C, inoculated into whole UHT milk at ~107 CFU/ml and high pressure processed at 400 MPa at room temperature (20-25 °C).  Afterward, the HPP milk was plated on Tryptic Soy Yeast Extract Agar (TSYEA) and Modified Oxford Agar (MOX) to determine the degree of injury.  For part two, cells were grown to mid-exponential, late-exponential or mid-stationary phase at 15 or 43 (C and processed in the same way.  Time to reach a 5-log reduction was determined and data were analysed by ANOVA.  The results from part one showed that both growth temperature and plating medium had a significant effect (P < 0.001) on the inactivation of stationary-phase L. monocytogenes by HPP.  Tukey’s pairwise comparisons revealed that the effects of all temperatures, except 35 and 43 °C, were significantly different (P < 0.05).  Cells grown at 15 °C were most sensitive to HPP, followed by cells grown at 4, 25 or 35 °C, with cells grown at 43 °C appearing to be most resistant.  Inactivation of cells grown at 4, 15 or 25 °C followed first order kinetics, whereas cells grown at 35 or 43 °C displayed nonlinear inactivation kinetics due to tailing.  In part two, both growth phase and plating medium had significant effects on the inactivation (P ≤ 0.001) of L. monocytogenes by HPP.  Cells grown at 15 °C to mid-stationary phase were the most pressure resistant when tested on both media, and were significantly more resistant (P < 0.05) than cells grown at the same temperature to the other two phases of growth.  There was no significant difference between mid- and late-exponential phase cells grown at 15°C.  When cells were grown at 43 °C, mid-exponential phase cells were significantly more sensitive (P < 0.05) than either late-exponential or mid-stationary phase cells, with no difference between late-exponential or mid-stationary phase cells.  It was postulated that membrane composition, stationary-phase proteins and/or stress proteins may affect pressure resistance.

Objective C:
To identify and describe transport mechanism occurring in food processes.  

Moisture migration is one of the major problems in composite chocolate products. Moisture migration occurs in chocolate coated products with water-based filling. Moisture migration through fractionated palm kernel oil (PKO) based films under vapor-induced and liquid-induced conditions was investigated through measurement of unsteady-state diffusivity, steady-state permeability, and characterization of structure. Water sorption isotherms were determined at 25oC for sucrose, lecithin, cellulose, PKO, and fat-based coatings (PKO+lecithin, PKO+sucrose, PKO+cellulose, PKO+sucrose+lecithin, PKO+cellulose+lecithin) using a gravimetric method in a water activity range of 0.112-0.974. Sucrose adsorbed much less moisture than lecithin and cellulose at water activities below its deliquescent point (0.85), but showed a sharp increase in water sorption capacity at higher water activities with phase change from crystalline to dissolved sucrose. Addition of lecithin, sucrose, or cellulose increased water sorption capacity of fat-based coatings. The two-parameter Lewicki and Oswin models were found to be suitable for describing the sorption isotherms of lecithin and cellulose in the entire water activity range. None of the models in the literature so far has been found to be able to describe the sorption isotherm of sucrose accurately in a water activity range of 0.112 – 0.974. Additivity principle was used to predict sorption isotherms of fat-based coatings containing sucrose and cellulose on the basis of the sorption isotherm of pure components. The predicted sorption isotherm of PKO/lecithin coatings underestimated the moisture content of the mixture in comparison with experimental values, probably due to the formation of lecithin reverse micelles. At a water activity gradient of 1.0 (aw1=0.0; aw2=1.0) across fat-based films, addition of sucrose, cellulose, and lecithin significantly reduced the unsteady-state diffusivity but increased the steady-state permeability under both vapor-induced and liquid-induced conditions. For fat-based films containing sucrose, the unsteady-state diffusivity (P=0.001) and permeability (P=0.00) were significantly higher under liquid-induced condition than those under vapor-induced condition at a water activity gradient of 1.0 (aw1=0.0; aw2=1.0). The absolute relative humidity on the high relative humidity side of the fat-based film had a significant effect (P=0.00) on the diffusivity and permeability of the fat-based films containing sucrose. No significant difference (P=0.63) between vapor-induced and liquid-induced conditions was observed in unsteady-state diffusivity and steady-state permeability at the water activity gradient of 0.8 (aw1=0.0; aw2=0.8). In the presence of moisture in fat-based films, permeability of the fat-based film increased (P=0.00), indicating that moisture migration occurred preferentially through the liquid phase. Moisture absorption by sucrose significantly (P=0.00) reduced the storage modulus of fat-based films at water activities higher than 0.85. For pure PKO films, sucrose concentration of the aqueous phase (Diffusivity: P=0.98; permeability: 0.93) and presence of sugar ester (Diffusivity: P=0.76; permeability: P=0.12) in the aqueous phase had no effect on the diffusivity and permeability. For fat-based films containing sucrose, the unsteady-state diffusivity increased and the steady state permeability decreased (P=0.00) with increasing sucrose concentration of the aqueous phase. Addition of sugar ester in the aqueous phase increased the permeability of the fat-based films containing sucrose (P=0.00). During liquid-induced moisture migration, sucrose leached out from the fat-based films into the aqueous phase. The mass transfer coefficient at the surface of the fat-based films increased with sucrose content in the fat-based films (P=0.00). The diffusivity of sucrose within the fat films was found to increase with sucrose content in the fat films (P=0.00). The moisture diffusivity in liquid-induced moisture migration was also measured using a continuous weighing technique and compared with the time-lag method. The continuous weighing method gave a higher diffusivity than the time-lag method. This research provides some guidelines for product development of chocolate products with water-based fillings or chocolate flavored ice-cream coatings in terms of formula development, sweetener selection, and shelf-life prediction. Bi-layer formulation of chocolate is recommended to retard moisture migration. Sweeteners in fat-based films or coatings should have a deliquescent point higher than that of water-based filling because moisture migrates mainly through liquid phase. Permeability data obtained under liquid-induced moisture migration should be used to predict the shelf life when the chocolate shell or coating has water soluble components. 

II. 
Usefulness of findings:

Understanding the dielectric properties of starch and its interaction could lead to the development of a sensor to monitor gelatinization.

Understanding of injury and destruction of microorganisms during high-pressure processing is needed to develop safe alternative processes to develop shelf-stable food products.

Understanding of the diffusion in food materials will assist in improved product design for better performance and increased shelf life.  The results of our study can be utilized in developing coatings resistant to moisture migration.  
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PROGRESS OF WORK AND PRINCIPAL ACCOMPLISHMENTS

OBJECTIVE A:

To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

This work is a collaborative effort between South Dakota State University and University of Minnesota.

Effect of fortification of “stimulated yogurt gel” with partially hydrolyzed whey protein isolate on its rheological characteristics

Amongst the dairy products, yogurt is a growth story, which is growing at the rate of 8% for the last 2 to 3 decades and the future looks bright for this dairy product. Fortification of whey proteins due to cost competitiveness was actively considered by the yogurt manufacturers. To be able to make yogurt as functional food and add another feather in its healthy image, it is most appropriate to think towards incorporation of bioactive peptides in yogurt. However, first it is important to study the effect of whey proteins on the rheological parameters during fermentation and storage of yogurt. Bioactive peptides are derived from the breakdown of whey proteins. To study these interactions and decide on the right stage of addition of these bioactive peptides, it is vital to study their stability in yogurt by adding them before and after the pasteurization. 

Objectives of the present research are:

(i) To optimize the level and process parameters of fortification of partially hydrolyzed WPI to yogurt.

(ii) To analyze the sensory and rheological characteristics of partially hydrolyzed WPI fortified yogurt.

Physical and sensory characteristics of yogurt containing partially hydrolyzed whey protein isolates (WPH) and whey protein isolate (WPI), were studied. WPH and WPI were added at a concentration of 1%, 3%, 5%, 7%, and 9% w/v. Two stage of addition were studied i.e. addition before pasteurization and after pasteurization treatment. The resulting yogurts were compared among each other and control sample without supplementation. At 7% and 9% level of addition yogurt mix destabilized during incubation. For further investigation 1%, 3%, and 5% level of addition was selected. 

Yogurt with WPH addition at concentrations of 3% and 5% w/v received lowest flavor score due to the bitterness perceived during the sensory analysis (P<0.05). Addition of WPI and WPH to yogurt caused an improvement in almost all the physical characteristics such as color, water holding capacity, firmness, viscosity etc. In case of WPI added yogurt this improvement was greatest when WPI were added before pasteurization. For WPH added yogurt, WHC, viscosity, and firmness, were observed to be higher but are not significantly different (P>0.05). Further, yogurt with WPI addition before pasteurization had similar rheological characteristics to yogurt with WPH addition before and after pasteurization.  Also, the storage of WPI and WPH added yogurt did not cause any significant change in the physical characteristics of the yogurt samples.

YEAR 2006-2007 Work Plan:

•
Development of Intermediate Feed for Fractionation of  α-Lactalbumin And β-Lactoglobulin from Cheese Whey

•
Fractionation Of α-Lactalbumin And β-Lactoglobulin From Tailor Made Cheese Whey Feed

USEFULNESS OF FINDINGS:

•
Understanding the fundamental physicochemical principles governing the functional properties of yogurt will help the food industry and scientific communities fully explore the unique functionality of WPI and WPH.
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2.
Chevanan, N., Muthukumarappan, K., and Rosentrater, K. A. 2006. Effect of die dimensions on extruder performance and extrudate properties for distillers grains based feeds. Annual International meeting of the American Society of Agricultural and Biological Engineers, July 9-12, Portland, Oregon.

3.
Chevanan, N., Muthukumarappan, K., and Rosentrater, K. A. 2006. Modeling extrusion processing of aquaculture feed incorporating distillers grains. Annual International meeting of the American Society of Agricultural and Biological Engineers, July 9-12, Portland, Oregon.

4.
Chenchaiah, M., and  Muthukumarappan, K. 2006. Whey Protein Fractionation Using a Multistage Ultrafiltration System.  Annual International meeting of the American Society of Agricultural and Biological Engineers, July 9-12, Portland, Oregon.
TENNESSEE

	Dr. Qixin Zhong

University of Tennessee

Knoxville, TN 37996-4506
	Email:  qzhong1@utk.edu

Phone   865-974-7121

Fax:      


Qixin Zhong and Federico Harte

•
Superstabilization of Foams and Emulsions by Hydrophobic Cellulose Particles


We have researched how foams and emulsions can be strongly stabilized by microparticles of hydrophobically modified cellulose formed in situ by a liquid-liquid dispersion technique. The cellulose derivative used is insoluble in water and was dissolved in solvents sufficiently miscible with water such as acetone, ethanol – water mixture and acetate buffer. When small amounts of these solutions were sheared into aqueous media, biopolymer microparticles are formed as a result of solvent attrition. These in situ formed particles adsorb to water-air or water-oil interfaces created during blending, stabilizing them. The volume of the resulting foams and emulsions were found to depend on several parameters that affect the behavior of cellulose and the morphology of formed microparticles. Under optimal conditions, the foams and emulsions formed were stable for more than 40 days and practically much longer. Thus hydrophobic cellulose derivatives have potential as basis for synthesis of particle stabilizers, which could replace conventional surfactants and help develop superstable edible or biodegradable dispersions.

•
New functionality properties for the casein micelle when subjected to from high pressure homogenization and organic solvents


The objective of this research is to study the dissociation and re-aggregation of casein micelles by physicochemical means and to develop new functionality properties based on targeted casein micelle sizes. Our preliminary data indicates that (1) high pressure homogenization (200-350 MPa) promotes a reduction of size of the casein micelle and (2) the response is ionic strength and whey proteins content dependant. Combinations of organic solvents (e.g. ethanol) and selected pH and temperature conditions promote the dissociation and/or re-aggregation of casein micelles suspended in simulated milk ultrafiltrates (SMUF) and imidazole buffer. Research is also being conducted on the interaction between protein quaternary structures and polysaccharides under high pressure and high shear. 

•
 Pasteurization of fluid foods by high pressure homogenization

Homogenization is used widely in the dairy industry to improve product stability and quality. High-pressure homogenization (HPH) of fluid foods up to pressures of 300 MPa has demonstrated excellent potential for microbial inactivation. Microbial inactivation can be enhanced during HPH with the inclusion of antimicrobial compounds. Escherichia coli K12 cells, grown statically or in chemostat, were exposed to HPH-processing pressures of 50-350 MPa in the absence or presence of the antimicrobial nisin. Significant HPH-induced inactivation of the gram-negative microbe was observed from 100-250 MPa range. Above 300 MPa, heat was the main factor promoting microbial inactivation. Data indicate potential synergistic effects of nisin and HPH on the inactivation of bacterial contaminants. This study represents the first report of HPH of a bacterium to pressures in excess of 300 MPa in the absence and presence of antimicrobial.
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 (I) PROGRESS OF WORK AND PRINCIPAL ACCOMPLISHMENTS

Objective A: To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development.

(1) Effect of medium dose electron beam irradiation on texture and structural properties of packaged blueberries -  M.E. Castell-Perez

We assessed the effect of electron beam irradiation of packaged fresh blueberries at doses greater than 1.0 kGy on the characteristics of the fruits. At each dose level, eight (8) trays were placed inside open cardboard boxes (0.508 x 0.609 x 0.102m). The trays were irradiated using a single beam fixture (top only, penetration depth of 0.05 m) Electron Beam Linear Accelerator (10 MeV (18 kW) LINAC). The scan width was 0.61 m. Two radiochromic film dosimeters (B3WIN .Gex Corporation Centennial, CO, USA) were placed at the top (T) and the bottom (B) of the sample trays), to estimate the absorbed dose. Although some variation in the values of the dosimeter readings was observed, the differences were small. Doses at the bottom of the trays were higher than at the top, mostly due to dose buildup. To minimize this effect on the later measurements, samples taken from the blueberries after irradiation were mixed thoroughly.

Dose was varied by running the conveyor belt at three different speeds: 0.10, 0.20, and 0.30 m/s, to obtain doses of 3.2 kGy, 1.6 kGy and 1.1 kGy, respectively. Dose rate was 0.8 kGy /s. Non-irradiated trays served as controls. 

Fruits were stored at 5ºC and 70.4% RH for 14 days and tested at days 0, 3, 7 and 14 for physico-chemical, textural, microstructural, and sensory characteristics. All tests were performed at room temperature and in triplicates. Color of control and treated fruits was measured using the Universal Version 3.73 software (HunterLab, Inc., Reston, VA, U.S.A) with a Lab Scan XE 16437 colorimeter (Hunter Associates Lab II, Reston, VA, U.S.A). The texture of blueberries was characterized using a Shear Kramer Press with 5 blades (TA-91) attached to a TA-XT2 Texture Analyzer (Texture Technologies Corporation, Scardale, NY) with maximum cell load of 5 kg. Eighty (80) grams of fruit were placed into the square metal container and a 5 flat-plate plunger was forced through the blueberries. The probe was set at 35 mm from the bottom of the 5 flat-plate plunger and moved downward at a speed of 5.0 mm/s. The maximum force, and distance were recorded by the Texture Expert software program, v.1.16 and used to calculate (1) the shear or cutting force, a measure of the fruit firmness or resistance to rupture; and (2) the toughness or the area under the force-distance curve up to the point of rupture of the fruits  The respiration rate of the fruits throughout storage was monitored in a closed system which consisted of approximately 50 grams of blueberries placed inside 450 ml sealed glass jars and stored at 5°C up to 14 days. Two hours after the sealing of the jars, the concentration of CO2 was measured by collecting the headspace gases with a 5 mL syringe having a side hole needle. The withdrawn gas was immediately injected into a Model S-3A/I electrochemical O2 (Applied Electrochemistry, Inc., Sunnyvale, CA, U.S.A.) and a PIR-2000 infrared CO2 analyzer (IRGA) (Horiba Instruments, Irvine, CA) to determine the concentration of CO2. Bulk density, moisture content, water activity, pH , total soluble solids content, and tritratable acidity were measured using standard methods. Scanning Electron Microscopy (SEM) was performed on a JOEL JSM 6400 scanning electric microscope (Princeton Gamma- Tech. PGT Prism Digital Spectrometer, Japan) at 15 kV and 1,000 X magnification. We evaluated the combined effect of time and irradiation dose level on the sensory quality of blueberries using 45 untrained and randomly chosen panelists including students, staff and faculty at Texas A&M University.

Irradiation at doses higher than 1.1 kGy did affect (P<0.05) the texture of blueberries as the fruits became considerably softer and less acceptable throughout storage. Close examining of blueberries structure helps to understand the softening induced by irradiation dose. In all irradiated samples the arrangement of the stone cells changed and fracture of these cells was observed mainly in samples exposed to 1.6 and 3.2 kGy doses. These results are consistent with the findings from the compression test (toughness and Kramer shear force) where the samples irradiated at higher doses were the easiest to compress. Only irradiation at 3.2 kGy affected the color of blueberries by the end of storage. Irradiation slightly reduced the respiration rates of the blueberries by the end of storage. In terms of overall quality, texture and aroma, only fruits exposed to 3.2 kGy were found unacceptable by the sensory panelists. Irradiation at the dose levels used in this study did not affect the density, pH, water activity, moisture content, acidity and juiciness of blueberries. 

(2) Electron Beam Irradiation of Trans-cinnamaldehyde Coated LDPE/polyamide Films – M.E. Castell-Perez

We evaluated the effect of electron beam irradiation (up to 20 kGy) on the functional and barrier properties of trans-cinnamaldehyde coated (1-10%) low-density polyethylene (LDPE)/polyamide films. Irradiation tests were carried out using a 2-MeV Van de Graaff electron accelerator (High Voltage Engineering Corporation, Cambridge, Mass., U.S.A.). The dose rate was 0.005 kGy/s. We irradiated coated films with doses ranging from 1 to 20 kGy. Dose was measured by placing radiochromic film dosimeters (GEX Corporation, Centennial, Colo., U.S.A.) at the surface of the film. Tests were carried out at room temperature (21°C). We measured the film strips mechanical properties (20 x 60 mm) under large deformations (tension mode) following ASTM method D882-00  using a TA-XT2 Texture Analyzer and tensile strength, percentage elongation-at-break, and toughness calculated from the resulting stress–strain curve. Tests were repeated four times and conducted at room temperature (21°C). Oxygen and water vapor permeabilities of the films were measured using oxygen and water diffusion systems, MAS 500 and MAS 1000 (MAS Technologies Inc., Zumbrota, Minn., U.S.A.), following ASTM F1770 Standard Method. The tests were performed four times under 65% relative humidity and 25°C temperature conditions. 

Irradiation did not affect the tensile strength and toughness of the films, but the 20 kGy treatment increased the % elongation-at-break significantly. The barrier properties were also enhanced (~18.8%) when the films were exposed to 20 kGy. Addition of trans-cinnamaldehyde with 3% of polyamide coating solution (w/w) did not affect the tensile strength and barrier properties of the films, but significantly decreased the %- elongation-at-break and toughness.

The minimum inhibitory concentration (MIC) of trans-cinnamaldehyde against Listeria innocua ATCC 33090 was determined using the broth dilution method. The optical density of each culture sample was measured at  = 600 nm using an UV-visible spectrophotometer (Spectronic 20D+), and the lowest concentration resulting in significant no growth was established as the MIC of coated film against L. innocua ATCC 33090. Films with 3% and 10% coating were used to wrap fresh-cut romaine lettuce samples to determine their antimicrobial activity. 

Packaged romaine lettuce hearts were obtained from the same brand, supplier and day of purchasing in order to ensure highly reproducible results. The produces were cut into  2  2 cm pieces using a sterile household chopper. Twenty-five (25) gram of cut lettuce was transferred to sterile Petri dishes (8.5 cm diameter, 1.5 cm height). The top surface was covered with the coated film, containing 0, 3, or 10% trans-cinnamaldehyde, and treated with 0.0 (control), 0.5, and 1.0 kGy radiation doses using a 10-MeV electron beam linear accelerator (LINAC). The dose rate was 0.8 kGy/s. Irradiation experiments consisted of single beam exposure (top), and dosage was measured by placing radiochromic film dosimeters at four points on the exterior at the top and bottom of the sample (2 on each side). The blank dosimeter was used to estimate the dose absorbed by the dosimeter alone (no produce). After irradiation, samples were stored in a refrigerator (4°C) up to 14 days along with non-irradiated samples, and evaluated for color and microbial quality (aerobic plate count (APC) and yeast and mold count (YMC)). 

At each storage interval (0, 4, 7, and 14 days), twenty-five (25) grams of lettuce samples were removed aseptically from the Petri dish and mixed with 225 mL of sterile 0.1% peptone water in a stomacher bag.  The mixture was pummeled in a Laboratory Blender (Stomacher 400) at high speed for 1 min. For APC, appropriate decimal dilutions of the homogenate were pipetted and spreaded on prepoured-dried tryptic soy agar (TSA) plates (Difco.). For YMC, same dilutions of the homogenate were pipetted and inoculated on Yeast and Mold Count Petri-filmTM plates. These plates were incubated at 25°C for 48 to 72 hr, and considered countable if the colonies were between 25 and 250. Total aerobic microbial counts and yeast and mold growth were determined as a function of dose (0, 0.5, and 1.0 kGy) for 14 days of storage at 4°C. 

Irradiation reduced the total aerobic microbial counts (APC) and yeast and mold counts (YMC) as dose increased. The 0.5- and 1.0-kGy treatments decreased initial APCs by 1.2- and 1.5-logs, and no YMCs were observed in the 1.0-kGy treated samples at day 0. Irradiation exposure significantly lowered APCs of lettuce samples by almost 1-log CFU/g compared to the non-irradiated controls, though it only slightly reduced YMCs. 

The effectiveness of using irradiation with antimicrobial films was enhanced with increased radiation dose and trans-cinnamaldehyde concentration (3 to 10%). 

Objective C: To identify and characterize transport mechanisms occurring in food processes – R.G. Moreira

We obtained multi-sliced CT data of a frozen chicken carcass to extract exact product geometry and densities using image-processing methods. The type of source energy input spectrum and source size were entered into the Monte Carlo N-Particle radiation transport code (MNCP5) to obtain dose distributions in the product. For low energy treatment (1.35 MeV electrons, Van de Graaff accelerator), dose absorption occurred up to 5-7 mm deep, resulting in surface irradiation of the carcass. For high energy treatment (10 MeV, LINAC, bottom only), the doses within the carcass rose up to 1.2 times the incident dose with increasing depth and rapidly fell to low values. Two-sided (top and bottom) irradiation resulted in a dose uniformity ratio (Dmax/Dmin) of about 1.6. Two-sided X-ray irradiation significantly improved the uniformity ratio from 2.5 to 1.8. 

Objective D: To develop mathematical models for simulation, prediction, design, and improvement of food processes – R.G. Moreira

We successfully developed a method to build 3-D geometrical models of food products with image processing techniques based on CT scans. Procedures were developed to produce informative 3-D reconstructions. These 3-D geometrical models strongly support effective Monte Carlo simulations for the accurate calculations of uniform dose distribution on non-homogenous food products. 

Meats, fruits, vegetables, frozen chicken carcasses, and ready-to-eat meals were obtained from local grocery markets and CT scans conducted with a HD-350E X-Ray CT Scanner. With the CT data, 3-D geometries of the foods were built up through image processing algorithms. A high performance 4 CPU computer was used for the simulation process. MySQL database and PHP were used to develop web applications. MATLAB web server was used to integrate MATLAB programs into web applications. The PVM (Parallel Virtual Machine) is available on the machine to support running the MCNPV5 computing in parallel. The integration of web browser, MATLAB web server, and a back-end database builds up a 3-tier architecture of the Web-based information system for the MCNP simulation input generation and output visualization. 

(II) USEFULNESS OF FINDINGS

Results revealed that electron beam irradiation of blueberries up to 1.6 kGy is a feasible decontamination treatment that maintains the fruits physical, textural, and microstructural characteristics and preserves their shelf-life when stored at 5oC up to 14 days. This dose level would ensure pathogen decontamination and therefore food safety. We will determine dose-lethality kinetics for selected pathogens.

Our work on active packaging development shows the synergistic efficacy of low-dose irradiation (up to 1.0 kGy) and active films against aerobic microorganisms including mold and yeast growth in fresh produce. The proposed methodology could prolong the shelf-life of ready-to-eat fresh produces, and furthermore, it may play an important role in ensuring the safety issues by controlling the post processing contamination in prepackaged foods. 

The developed dose calculation methodology can provide 3-D dose distributions in complex-shaped food products with great accuracy. This new approach should reduce the risk of foodborne illnesses. Through a good irradiation plan based on this methodology, the increased shelf life and improved quality of food products would significantly reduce economical losses from spoilage. In addition, consumers may be convinced of the safety of irradiated food through accurate dose distribution. Finally, this technology will help ensure that the U.S. will have a safe and plentiful supply of food.

(III) WORK PLANNED FOR NEXT YEAR

We will continue evaluating the effect of exposure to ionizing radiation to quality characteristics of complex-shaped foods such as broccoli. We will also determine the fate of phenolics on irradiated blueberries at doses between 1.0 and 1.6 kGy.

We will investigate several methods to incorporate the active compounds in the polymeric films using nanotechnology and establish the release kinetics of different active compounds.

We will refine our dose calculation methodology and implement a user-friendly interface system.
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Objective C and D 

Texas Tech station is involved in using multiscale hybrid mixture theory of porous media to model transport and thermomechanical processes in food materials. Research was conducted in prediction of thermomechanical stresses and moisture transport in foods during the fluid transport processes such as drying and sorption.  This year’s work has focused on collecting viscoelastic data for predicting the effect of glass transition on moisture transport and stress development in corn kernels; developing a user friendly Comsol based program for modeling moisture transport in corn kernels; and developing a new modeling approach to predict microbial kinetics.  

As part of the NC-1023 group effort a paper was submitted to Journal of Texture studies on viscoelastic properties of pasta.  Another paper on modeling of transport processes in foods in the vicinity of glass transition was made available online as a group effort of NC-1023’s modeling committee.  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.  In collaboration with the Washington station, rheological characterization of fruit juices and gellan gel was performed.  This work was submitted as two peer-reviewed papers.

II. Work planned for the next year

Experimental data obtained from McCarthy group at California station will be modeled to predict moisture transport during cooking of pasta.  Solution of the porous media equations to predict crack formation in corn kernels will be completed using Comsol. A new project is being developed to use porous media approach to predict quality changes in foods during frying.
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I. Progress of work and principal accomplishments

Objective A. To develop and verify methods for measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis, and product development

Measuring ultrasonic properties of corn to characterizing the popping capability and identifying old maids 

Whysong, C. and Mallikarjunan, P.

Ultrasonic parameters (velocity and attenuation) were measured on corn kernels subjected to different storage conditions resulting 3 moisture contents and different types of kernel damage.  The kernels were popped in a batch of 50 kernels using a microwave oven and a special sample holder. The ultrasonic system included a specially-designed sample holder, contact-type ultrasonic transducers, a data-logger and an instrument interface system with computers via RS-232 and IEEE-488 (GPIB) protocols. The frequency of ultrasonic transducers used for ultrasonic measurement was 250 kHz and the data was correlated to identify the popping success of the popcorn samples.  A decision matrix was developed based on the experiments conducted on individual kernels and was implemented in classifying the kernels and the prediction accuracy was estimated.  Kernels having attenuation lower than 1.32 dB/mm and ultrasonic velocities lower than 53.8 m/s will fail to pop. Otherwise the kernel will pop. Use of these cut off values and decision matrix results in a prediction accuracy of 93.3%. 

Chemosensory evaluation of wine-grape maturity

Athamneh, A., Mallikarjunan, P. and Zoecklin, B.

As grape maturity correlates directly with wine quality, grape growers and wine makers are interested in finding a convenient, rapid, and cost-effective method for grape maturity evaluation. Results from analytical procedures, currently used for maturity evaluation, were compared with results from grape headspace analysis via a hand-held e-nose system.  Cabernet Sauvignon (V. vinifera L.) samples, collected at weeks 18 and 20 post-bloom, were analyzed for weight, pH, oBrix, titrateble acidity, total phenols, color intensity, color hue, total anthocynins, phenol-free glycosides (PFGG) and total glycosides (TGG). MANOVA revealed a significant difference between the three groups.  Discriminant Analysis (DA) was then used to separate the samples based upon the analytical data and compare it with the separation based upon the e-nose data. Considering results from all analytical measurements, DA successfully classified samples into three groups reflecting the three different levels of maturity. The e-nose was able to pick the difference between the two groups (100 % cross validation).  Instead of using results from all the analytical methods, the e-nose was successful in separating the grapes with only one measurement and that too in a non-destructive manner.

Chemosensory evaluation of wine quality

Martin, A., Mallikarjunan, P. and Zoecklin, B.

The wine-grapes were treated using ethanol (0%, 5% and 10%) during bloom period for enhancing the ripening potential. Juices obtained from Cabernet Sauvignon (V. vinifera L.) were analyzed for pH, oBrix, titrateble acidity, total phenols, color intensity, color hue, total anthocynins, phenol-free glycosides (PFGG) and total glycosides (TGG).  The volatiles from wine samples prepared from the samples were analyzed using headspace solid-phase micro-extraction and gas chromatography, and a quartz-microbalance based electronic nose system.

In addition, wines will be evaluated 5-months post fermentation using an untrained sensory panel and using triangle difference testing.  The analytical measurements and sensory analysis did not find differences in wine quality among control and treated samples. However both volatile analysis found significant differences among the wine samples.  Instead of using results from all the analytical methods or chromatographic testing, the e-nose was successful in separating the wines with only one measurement.

Objective B. To measure and model process dependent kinetic parameters which affect food quality and safety attributes

Quality changes in breaded fried fish sticks subjected to pressure frying using air, nitrogen or vacuum

Bengtson, R. and Mallikarjunan, P. 

Using a modified deep-fat pressure fryer, the use of compressed air, nitrogen or vacuum as the pressurizing medium in frying breaded fish sticks was compared. Fish stikcs were fried for 240s at three temperatures (150°C, 175°C, 190°C) and two pressures (163 kPa, 184 kPa). Overall, products fried using nitrogen and air were not found to be significantly different (p < 0.05) from each other. These products were both more tender and lower in oil content than steam-fried fish sticks. The only area where vacuum-frying had a significant effect, when compared to pressure-fried and atmospherically-fried fish sticks, was in juiciness. Vacuum-frying created significantly juicier fish sticks than the other two frying methods. In addition, vacuum-fried fish sticks were tenderer than atmospherically-fried fish sticks. 

II.                Usefulness of Findings

The use of ultrasonic parameters to characterize old maid problem in popcorn will provide a significant advantage to the corn processor by providing the consumer a quality product in which all the corn will pop without leaving any un-popped popcorn.  The experiments using modified frying methods (pressurized using nitrogen gas or vacuum) produced quality fried products that are tender and juicier than conventionally steam-pressure fried fish sticks.   

III.             Work planned for the Next Year

Work will be conducted in the area of texture evaluation of beef samples subjected hydrodynamic pressure processing and high hydrostatic pressure processing.  Mathematical models will be developed to describe the structural changes under high pressure type loading.  Microwave assisted extraction of polyphenolic compounds from peanut byproducts are under way.  In addition, identification of a suitable dairy product to deliver omega-3 fatty acids is in progress.  
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Ballard T. and P. Mallikarjunan. 2006. The Effect of Edible Film Coatings and Pressure Frying using Nitrogen Gas on the Crispness of Breaded Fried Chicken Nuggets. Journal of Food Science. 71(3):S259-S264. 
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Objective A

To develop and to verify methods for characterization, measurement and prediction of engineering and biochemical properties of foods as needed in process design and analysis and in product development.

Developing computer vision method based on the chemical marker m-2 yield to locate the cold spot in microwave sterilization processes. A major challenge in developing advanced thermal process based on electromagnetic heating is to find the location of cold spot in foods to develop a thermal process to ensure commercial sterilization. There was a need to develop a rapid, cost efficient, consistent and accurate method to locate cold spots of foods sterilized in microwave systems. The specific objectives of study were to establish a standard method not influenced by an imaging system environment; to study the correlation between imagine parameters, chemical marker (M-2) yield and lethality (Fo); and to validate this method with microwave sterilization system using fiber optics probe, especially the identification of cold spot locations. The developed method involved application of chemical marker M-2 yield, computer vision system, and IMAQ vision builder program. A systematic study was conducted to establish relationships between M-2 yield and Fo, RGB values and Fo. Several factors, including method of heating and consistency in imaging background, were considered to standardize the method. A suitable mapping scale was developed by fixing the lowest and upper most RGB values in each analysis to facilitate the comparative study of heating characteristics for different combinations of power levels, salt contents, and Fo. A unique relationship was established between red-green-blue values and chemical marker M-2 yield. RGB values were positively correlated to Fo, M-2 yield. The specified cold spots location determined by computer vision method was validated in a 915 MHz single mode microwave sterilization system. Results show the method can be used as an effective tool in microwave sterilization process development for regulatory approval and industrial applications. Currently this method is being used to locate the cold spots with salmon fillet and Alfredo sauce to develop filing documents for FDA approval of the 915 MHz microwave sterilization system.

Moisture distribution for Russet potatoes during static and dynamic microwave-vacuum Mivac drying. Microwave-vacuum drying may be more energy efficient than freeze drying and many atmospheric drying methods. Microwave power was consistently monitored and controlled during the drying process, with a turntable to more evenly distribute the microwave power across product during the drying process. The objective of this research was to determine the moisture distribution during Mivac drying under static and dynamic operations using potatoes as a model food. Fresh Russet potatoes (cylindrical slices, 86.75% moisture) were blanched for 2 min in boiling water, and cooled for 2 min in ice water. Blanched potatoes slices (ca. 10-17 g, 3 or 4 slices) were transferred to individual petri plates (n=53). The plates were numbered and arranged in concentric circles at specific locations on the turn table (dia. 0.75m). The samples were dried at 60°C for 15, 30, 45, 60, or 90 minutes on a moving 5RPM turntable and for 15, 30, or 45 minutes on a static turntable at 750 W/h power. Weight loss, moisture content, and lab color were measured. The moisture distribution patterns were different for static and dynamic drying. There was a highly variable moisture distribution in microwave-vacuum dried product made under static conditions. Product with more uniform moisture content could be produced using the turntable; this was particularly important for products for which low final moisture content (7%-8%) was desirable. A significant number of potatoes dried using the static system became burnt (4/53, 30 min, 60°C) before they reached the desired final moisture content. The turntable had a significant role in improving heat distribution during drying. Products dried using the dynamic system had less of a tendency to burn (6/53, 90 min, 60°C).

Objective B

To measure and to model process dependent kinetic parameters that affect food quality and safety attributes.

THERMAL TECHNOLOGIES

Microwave

Kinetics of salmon quality changes during the short time thermal process. Short time microwave (MW) sterilization technology has been looked into as an alternative to conventional canning to produce high quality shelf-stable fish products. The information on the quality change of fish products during MW sterilization is lacking. Our objective is to investigate the kinetics of salmon quality changes during short-time sterilization processes, relevant to MW sterilization technology. The results will be used to determine optimal MW process parameters. The sampling methods and heating methods were specially designed to mimic MW processes. Small samples (D 30 mm × H 6 mm) cut from pink salmon fillets was loaded and sealed in aluminum containers. The containers were specially designed to result in a come up time (~2.5 min) similar to that experienced by salmon fillets in 7 oz. polymeric trays when processed in the 915 MHz single-mode microwave sterilization system developed at Washington State University. The samples were heated in an oil bath to control heating temperatures: 100°C, 111°C, 121°C, and 131°C, and held for different time periods. The changes in color, shear force, cook loss, muscle shrinkage, and thiamine retention were determined, the corresponding kinetics were studied. High temperature heating caused a rapid color change from red to pale, and then a gradual change to brown. The lightness decreased, and redness and yellowness increased in zero order reactions. The shear force increased sharply initially, then gradually decreased as the heating processed. Cook loss increased and the thiamine retention decreased, following first order kinetics. The sample area shrunk consistently. The results indicate that short time microwave sterilization process (~total 10 min) should significantly improve fish product quality as compared to conventional canning processes (~50-80 min), as reflected by lower cook loss, higher thiamine retention, fresh color, and acceptable texture compared to traditional canned salmon products.

NONTHERMAL TECHNOLOGIES

High Hydrostatic Pressure 

Yield, Composition and Rheological characterization of Cheddar Cheese made with High Pressure processed Milk. High Pressure (HP) treatment of milk prior to cheese making was shown to increase the yield of cheese due to increased protein and moisture retention in cheese. Cheeses were made with raw milk or milk treated with high temperature short time (HTST) pasteurization,  and high pressure (HP) treatments at two levels (483 and 676 MPa) at 10oC, 483 MPa HP at 30oC, and 483 MPa HP at 40oC. Cheese yield, total solids, protein, fat and salt contents were evaluated, and fat and protein recovery indices were calculated. Cheeses from HP treatments of 676 MPa at 10oC and 483 MPa at 30oC exhibited wet yields of 11.40 and 11.54%, respectively. Protein recovery was 79.9% for HP treatment of 676 MPa at 10oC. The use of slightly higher pressurization temperatures increased moisture retention in cheese. Viscoelasticity of cheeses was determined by dynamic oscillatory testing and a creep-recovery test. Rheological parameters such as loss (G’’) and storage (G’) moduli were dependent on oscillation frequency. At high (173 rad/s) and low (2.75 rad/s) angular frequencies, cheeses made from milk treated at 483 MPa at 10oC behaved more solid-like than other treatments. Creep tests indicated that cheeses from milk treated with 483 MPa HP at 10oC showed the smallest instantaneous compliance (Jo), confirming the more solid-like behavior of cheese from the 483 MPa at 10oC treatment compared to the behavior of cheeses from other treatments. Cheeses made with pasteurized milk were more deformable, exhibited less solid-like behavior than cheeses made with HP treated milk, as shown by the Jo value. With more research into bacteriological implications, HP treatment of raw milk can augment Cheddar cheese yield with better curd formation properties.

Disruption of Casein micelle isolates by High Hydrostatic Pressure. High hydrostatic pressure disruption of casein micelle isolates was studied by analytical ultracentrifugation and transmission electron microscopy. Casein micelles were isolated from skim milk and subjected to combinations of thermal treatment (85oC, 20 min) and high hydrostatic pressure (up to 676 MPa) with and without whey protein added. High hydrostatic pressure promoted extensive disruption of the casein micelles in the 250 to 310 MPa pressure range. At pressures greater than 310 MPa no further disruption was observed. The addition of whey protein to casein micelle isolates protected the micelles from high hydrostatic pressure induced disruption only when the mix was thermally processed before the pressure treatment. The more whey protein added (up to 0.5 % w/v) the more the protection against high hydrostatic pressure induced micelle disruption was observed in thermally treated samples subjected to 310 MPa. 

Pulsed Electric Fields

Synergistic Inactivation of Escherichia coli in Apple Cider by Pulsed Electric Fields and Selected Antimicrobials. Pulsed electric fields (PEF) is an effective nonthermal preservation technology offering the opportunity to produce safe and appealing fruit juices of higher quality for the fresh food market. The effectiveness of PEF may further be increased in the presence of antimicrobials. Therefore, the possible synergism of PEF and selected antimicrobials on the inactivation of Escherichia coli in apple cider was investigated. Four antimicrobials, sodium benzoate (NaB), potassium sorbate (KS), cinnamic acid (CA) and hydrogen peroxide (HP) at two levels (500 ppm and 1000 ppm) were tested in combination with PEF treatment. Apple cider inoculated with E. coli was treated with 20, 12, and 5 pulses, of 2.5 s pulse width, at peak electric fields of 35, 30, 25, and 20 kV/cm. Processing temperature was kept below 50°C and bacterial counts were determined on Eosin Methylene Blue (EMB) agar. Inactivation of the bacteria by electrical pulses together with antimicrobials was enhanced by an increase in self-generated temperature, field strength, and the number of pulses. PEF treatment in the absence of antimicrobials reduced the microbial load by 5.0 log cycles (CFU/ml), where the addition of CA, HP, NaB and KS prior to PEF increased the lethality to 7.0, 7.5, 7.3 and 6.0 log cycles for the maximum field strength used (35 kV/cm). The extent of synergistic microbial inactivation was strongly affected by the electric field strength and the number of pulses; the concentration and the type of antimicrobials were effective at lower electric field strengths with shorter process time. Overall, the combination of PEF and all selected antimicrobials ensured a 5 log-cycle reduction of E. coli cells in fresh apple cider for electric fields greater than 30 kV/cm, at 20 pulses, demonstrating that this treatment successfully meets FDA recommendations for juice pasteurization. 

Ultrasound treatment

Inactivation of Listeria innocua in milk by high temperature short time (HTST) and high temperature short time ultrasonic (HTST-U) treatments. High temperature short time (HTST) is designed to minimize the thermal degradation of nutrients and sensorial attributes but also ensure food safety. In the United States, a “cooked” flavor in milk is an undesirable characteristic, and consumers typically look for fresh-tasting and minimally processed products. This flavor is generated by long treatment times or very high temperatures during pasteurization. The objective of this study was to study and compare the inactivation of Listeria innocua in milk with the use of HTST and HTST-U treatments. Four commercial milk samples with different fat contents (fat free, 1%, 2%, whole) were used. Thermal treatment was carried out at 72ºC for 15 s and the thermosonication was performed with an ultrasonic processor with a 22 mm probe. The amplitude of the ultrasound wave was set up at 100% and the temperature and time at 72ºC and 15 s, respectively. Samples were taken at 0, 5, 10, and 15 s. Results showed that inactivation of Listeria is sped up with the use of ultrasound compared with just the HTST process. More than 5 log reductions were achieved in the first 5 s of HTST-U treatment, reaching total inactivation of the bacteria after 10 s in all the milk samples containing butter fat. With just HTST, inactivation was achieved after 15 s with some remaining small microbial counts in fat free and whole milk samples. Heating of milk plus caviation generated by ultrasound seemed to be the reason for a faster inactivation. Cells are weaker with heating, and the increase of pressure inside the medium because of caviation facilitates microbial inactivation. Treatment duration was reduced from 15 s to 10 s with HTST-U, ensuring a microbiological safe product, with 5 s less heating time.

Microstructure of fat globules in whole milk after thermo-sonication treatment. Conventional milk homogenization, a process that follows pasteurization, is achieved with high pressure to stabilize the butter fat content. This produces a creamy taste but avoids the creaming effect in milk during storage. 90% of milk butter fat is enclosed in fat globules (1 to 8 μm). Ultrasound is a potential method for pasteurization and homogenization of milk, and it can improve some appearance characteristics. The objective was to study the microstructure of fat globules after thermal and thermo-sonication treatments. Both raw and whole milk were thermo-sonicated (400 W, 24 kHz, 120 μm) using a 22 mm probe at 63ºC for 30 min. Thermal treatment involved heating the milk at 63ºC for 30 min. Sample preparation consisted of fixation, post fixation, and drying. A scanning electron microscope was used at 20 kV. Results showed that surfaces of fat globules were completely rough after thermo-sonication treatment. Sound waves were responsible for disintegrating the milk lipid globule membrane, thus releasing the triacylglycerols content. The overall structure of milk after sonication showed smaller fat globules (smaller than 1 μm) and granular surfaces, allowing a more homogeneous product. No differences in the surface or size of globules between the thermal milk and raw milk were detected. Color measurements showed higher L values for sonicated samples, indicating more luminosity in the samples. Sonicated milk was whiter (92.19 ± 0.27) and generally showed better parameters of color and homogenization over 14 days, compared to the thermal treated milk (88.11 ± 0.29) and raw milk (86.99 ± 0.97) samples. The advantage of thermo-sonication treatment of milk is that it can be pasteurized and homogenized in just one step, which yields better product characteristics and makes thermo-sonication a potential processing method for most dairy products.

Mechanism of inactivation for thermo-sonicated Listeria innocua ATCC 51742 in whole milk using scanning and transmission electron microscopy. Cavitation generates disruption of cells during ultrasound treatment; some of the main effects of cavitation are heating, formation of free radicals, and cell breakage. Past studies quantifying the damage to such cells were based on protein determination. The inactivation mechanism for Listeria innocua following thermo-sonicated treatments was studied using electron microscopy. Bacteria were inoculated into raw milk. The amplitude of the ultrasonic wave (120 μm) was set up at 100% in the Hielscher UP400S ultrasonic processor (400 W, 24 kHz) with a 22 mm probe; temperature was maintained constant at 63ºC. Samples were collected after 10 and 30 min of treatment. Two methods were used for scanning electron microscopy (SEM), the first method consisting of fixation, post fixation, and drying with organic solvents. The second one involved freeze-drying the samples. For transmission electron microscopy (TEM) fixation, post fixation and drying steps were followed as for SEM. Dehydrated cells were embedded in resin; sectioning and staining were used as final steps. Results showed one common characteristic in all the samples tested after 10 min of treatment, the formation of small pores along the outside of the cells. With SEM, some lines in the middle of the cells after 10 min suggested the breakage of cells after the sonication treatment, confirming this theory with the samples treated for 30 min. Longer treatment showed cells divided into two parts and the disruption of cell wall. There was no difference between the two methods in sample preparation. TEM showed the lack of cytoplasm content and cytoplasm clumping. These results showed that thermo-sonication treatments were responsible for the formation of small pores and disruption of the cell membrane, allowing the release of cytoplasm content and the free interchange of material between the cell and the medium, generating the inactivation of Listeria. 
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June 2006

"UV light processing of fruit juices to inactivate Saccharomyces cerevisiae." Poster presentation. IFT Annual Meeting. Orlando, FL. June 2006.

June 2006
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July 2006  “Computer vision and chemical marker M-2 yield with whey protein gels- an advance method to locate cold spots.” Pandit, R.B., J. Tang, L.  Frank, and G. Mikhaylenko ASABE Annual International Meeting-06. Portland, OR. Paper No: 066101.

June 2006 “Kinetics of salmon quality changes during high temperature thermal processes.” Kong, F., J. Tang, B. Rasco, C. Crapo, and S. Smily. 2006-IFT Meeting, Orlando, FL. 

June 2006 “Developing a computer vision method based on chemical marker M-2 yield to locate cold spot in microwave sterilization processes”. Pandit, R.B., J. Tang, G. Mikhaylenko, F. Liu.  IFT-2006  Meeting, Orlando, FL.

March, 2006 “Developing and using thin bladed kramer cell and computer vision system to determine tenderness and color of fish muscle.” Kong, F., J. Tang, B. Rasco, C. Crapo, and S. Smily. 57th Annual Meeting of Pacific Fisheries Technologists, Anchorage, AK.

c)
Dr. C. Clary

July 2006 “Moisture distributions of Russet potatoes during stationary and rotary microwave vacuum drying” IFT, Orlando, FL.

July 2006. “Analysis of Improvements in Asparagus Mechanical Harvesters Using a Crop Growth Model”. ASABE, Portland OR.
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	Dr. Richard Hartel

Department of Food Science, University of Wisconsin

1605 Linden Drive, Madison, Wisconsin  53706 
	Email:  hartel@calshp.cals.wisc.edu
Phone:  608 263 1965

Fax:      608 262 6872


Richard W. Hartel and Robin K. Connelly

OBJECTIVE A:  To identify and quantify important physical and biochemical properties of thermally processed foods and factors affecting these properties.  

A1. Rheology (Connelly)

Dough development and rheology: The Farinograph (a twin sigma blade mixer) and Mixograph (a planetary pin mixer) are two common devices for assessing flour strength and moisture absorption during mixing that use very different geometries and mixing actions. In the first phase of this project, work and strain input to reach peak torque during dough development were used to compare the two mixers.  Results confirm the dependence of dough development on mixing speed and strain at low speeds and on energy input at high speeds. The speed where dough development becomes rate independent, the critical maximum speed, and the speed where dough will no longer fully develop, the critical minimum speed, are different for each mixer and may serve as comparison points for the two mixers. 

In the second phase, flour/water and yeasted, full formula dough was mixed to peak consistency in both mixers at various speeds.  Small strain rheological properties of the dough following thermal yeast inactivation (if needed) were acquired. The results found no difference in the small strain rheological results based on mixer speed, although there were major differences between flour/water and full formula dough in a given mixer, as well as minor differences detected between the mixers for a given formulation.  Future plans are to use a sliding plate rheometer in collaboration with Jeffrey Giacomin in Mechanical Engineering to do steady and oscillatory uniform, rectilinear shear testing of the dough samples at both small and large strains, as well as measuring uniaxial extensional viscosity through the use of exponentially increasing shear, to confirm and extend these results. 

A2.  Phase transitions in foods (Hartel).

Phase transitions in ice cream:  A new phase of research has recently begun to further investigate the mechanisms and process of freezing in a scraped surface freezer (SSF), with the ultimate goal of producing and maintaining small ice crystals in frozen desserts.  One freezer manufacturer is promoting pre-aeration and partial recirculation (of the soft-frozen product from the exit of the SSF) to produce small ice crystals and air cells.  We are working with them to quantify the effects of various operating parameters on ice crystal and sir cell size distributions.

Sugar phase transitions:  In a USDA project joint with Pharmacy, moisture penetration into sugar glasses is being quantified by using a Raman microspectroscopy system.  The intent is to prepare films of sugar glass exposed on a single side to humid air to allow one-dimensional diffusion.  The Raman will be used to measure water content at different penetration depths and exposure times.  Unfortunately, this year of work has been frustrating, with numerous problems to solve, from sugar samples flowing out of our holders to spectral interference from browning products formed during evaporation.  


A recently-completed project looked at the activity of invertase on sucrose hydrolysis in fondant, studying the effects of invertase level, initial water content and holding temperature.  Production of fructose, as measured by an HPLC method, along with the decrease in water activity and water content over time were measured.  As expected, higher invertase level and higher initial water content led to faster invertase reaction.  However, invertase worked more slowly at 30°C than at 22°C, a phenomenon perhaps related to the change in solubility and crystal content in fondant with temperature.  Interestingly, the end-point of the reaction, when invertase stopped hydrolyzing sucrose as evidenced by cessation of fructose production, was different for the different conditions, suggesting a combination of water and sugar inhibition on the reaction.  Even though the enzyme had stopped inverting sucrose during storage, it retained activity since addition of water to the system resulted in renewed activity.  These results may be used to make a better Cordial Cherry (if that’s possible).

Lipid crystallization:  In a joint project with Chris Daubert at NC State, we are studying the effects of protein and fat interactions on the rheology of process cheese.  This past year, we have been investigating the effects of very slow cooling rates (down to 0.03°C/min) on bulk milk fat crystalline microstructure (confocal microscopy), mechanical properties (small angle oscillatory shear) and melting properties (DSC).  Interestingly, we see differences in crystalline microstructure and melting profiles at different cooling rates, but these differences don’t seem to translate into differences in G’.  We are currently pursuing other mechanical measurements (DMA, and penetration hardness) to see if they correlate better with the changes in milk fat crystallization.


Last year, we showed some fascinating images of lipid crystallization from emulsion droplets – the so-called crystal comets, where fat crystals were observed to be growing out of fat globules.  Work has continued slowly in this area (primarily due to a lack of funding).  We have explored different combinations of fats (milk fat, coconut oil, palm oil, tristearin/tripalmitin blends) and different emulsifiers.  We can make most of our fats shed crystals from fat globules, but choice of emulsifier and co-surfactant is critical in when ejection occurs.  We are slowly exploring a wider range of conditions to better understand the thermodynamic driving force and kinetic rates of expulsion.  As an aside, we found another extremely interesting and related phenomenon while playing with coconut oil in surfactant.  After we formed comets (which looked a little like starfish), we decided to slowly raise the temperature to see what happened.  Interestingly, the crystalline formations (the starfish) appeared to start shedding continuous rows of liquid oil droplets through the interface into the aqueous phase (sort of like the starfish were laying eggs).  We have not yet observed this phenomenon with other systems.

OBJECTIVE C: To identify and characterize transport mechanisms occurring in food processes.

C1-3.  Combined Heat, Mass & Momentum Transfer (Connelly)

Lactose Crystallization: In a joint project with Rich Hartel, a preliminary simulation with Fluent, Inc. has shown the feasibility of using computational fluid dynamics numerical simulation with a newly released population balance module to model steady state lactose crystallization in an MSMPR continuous crystallizer. Therefore, work is underway to collect data from a well defined crystallizer geometry that will be used for the boundary conditions of the simulation, including wall and bulk temperatures, input and output flow rates, mixer torque, liquid phase viscosity and density, as well as collect steady state crystal size distributions with modern equipment that will allow the crystallization kinetic models published in the early 90’s to be updated. This information will then be used to provide material data and boundary conditions to new numerical simulations that are currently under development, and results that can be used to validate the simulation results. If validated, the simulation results will also show the validity of the lactose crystallization kinetics models used in the simulation.

C3. Momentum Transfer during Mixing (Connelly)

Numerical simulation of flow and mixing in a Mixograph:  The Mixograph is a planetary pin mixer that has been used for decades to evaluate the hydration of flour.  Computational Fluid Dynamics (CFD) can be used to gain greater understanding about a mixer by evaluating both local and global measures of dispersive and distributive mixing, such as mixing index and efficiency. In this study, a basic Newtonian corn syrup is used study the flow and mixing of the Mixograph so that the approach to modeling the motion and the meshing may be evaluated without complex results from more difficult fluids. The 3D mesh of the Mixograph is built as an extension of a 2D mesh, so the 2D mesh is first optimized with respect to pin movement simulation, mesh discretization, and time step size.  Once optimized for minimizing error and required calculation resources, the 2D mesh was expanded into 3D for observance of local and bulk mixing properties.  It is shown that the Mixograph does not experience as much vertical mixing as horizontal distributive mixing over a given time span.  Additionally, it is observed that different pin positions are more efficient than others.  These meshes and results will be used to develop future studies using more complex fluids.

Collaborations:

• NC: 2004-07 joint project with NCSU (DMI) on protein-lipid interactions in process cheese between Hartel and Daubert.

PUBLICATIONS (since last report, 10/05):

Ben-Yoseph, E. and R.W. Hartel, Computer Simulation of Sugar Crystallization in Confectionery Products, Innovative Food Science and Emerging Technologies, 7(3), 225-232 (2006).

Rao, C. and R.W. Hartel, Scraped Surface Heat Exchangers, CRC Critical Reviews of Food Science and Nutrition, 46(3), 207-219 (2006).

Liang, B., J.L. Sebright, Y. Shi, R.W. Hartel, J.H. Perepezko, Approaches to Quantification of Microstructure for Model Lipid Systems, J. AOCS, 83(5), 389-400 (2006).

Lonchampt, P. and R.W. Hartel, Surface Bloom on Improperly-Tempered Chocolate, European J. Lipid Sic. Technol., 108(2), 159-168 (2006).

Zhou, Y. and R.W. Hartel, Phase Behavior of Model Lipid Systems: Solubility of High-Melting Fats in Low-Melting Fats, J AOCS, 83(6), 505-511 (2006).

Hagiwara, T., Hartel, R.W. and S. Matsukawa, Relationship between recrystallization rate of ice crystals in sugar solutions and water mobility in freeze-concentrated matrix, Food Biophysics, 1(2), 74-82 (2006).

Drewett, E.M and R.W. Hartel, Ice Crystallization in a Scraped Surface Freezer, J. Food Eng., 78(3), 1060-1066 (2007).

THESES (since last report, 10/05):

Wu, Jing, Invertase Activity in Fondant, MS Thesis (2006).

McIntier, Rebekah, Comparing the Effects of Mixing Speed on Dough Development Between Two Mixers with Different Geometries, MS Thesis (2006).

Jordan, James B., Simulation Development and Mixing Analysis of a Newtonian Fluid in a 3D Mixograph-style Mixer, MS Thesis (2006).
APPENDIX B

Abbreviated Ad Hoc Reports of NC-1023 Committee

Gels Committee Report – available from Chris. Daubert, NC State, chris_daubert@ncsu.edu
Nanotech ad hoc committee report:
Collaboration among NC1023 nanotechnology ad-hoc committee members

The charge of the NC1023 nanotechnology ad-hoc committee for 2005-2006 was to identify potential mechanisms of collaboration among its members. The ad-hoc committee comprised of 16 individual members from 13 different stations (Table 1).
Table 1. Participants of the NC1023 nanotechnology ad-hoc committee

	#
	Station
	Name
	Affiliation
	Email address

	1.
	DC
	Hongda Chen
	USDA/CSREES
	hchen@csrees.usda.gov

	2.
	DE
	Cathy Davies
	University of Delaware
	cdavies@udel.edu

	3. 
	IA
	Stephanie Jung
	Iowa State University 
	jung@iastate.edu

	4.
	IL
	Graciela Padua
	University of Illinois
	gwpadua@uiuc.edu

	5.
	IN
	Lisa Mauer
	Purdue University
	mauer@purdue.edu

	6.
	IN
	Mark Morgan
	Purdue University
	mmorgan@purdue.edu

	7.
	LA
	Cristina Sabliov
	Louisiana State University 
	csabliov@lsu.edu

	8.
	MI
	Robert Ofoli
	University of Michigan 
	ofoli@egr.msu.edu

	9.
	MD
	Martin Lo
	University of Maryland
	ymlo@umd.edu

	10.
	MO
	Fu-hung Hsieh
	University of Missouri-Columbia
	hsiehf@missouri.edu

	11.
	NE
	Jeyamkondan Subbiah
	University of Nebraska-Lincoln
	Jsubbiah2@unl.edu

	12.
	TN
	Qixin Zhong
	University of Tennessee
	qzhong1@utk.edu

	13.
	TN
	Federico Harte
	University of Tennessee
	fede@utk.edu

	14.
	TX
	Rosana Moreira
	Texas A&M
	rmoreira@tamu.edu

	15.
	TX
	Elena Castell-Perez
	Texas A&M
	ecastell@tamu.edu

	16.
	WI
	Sundaram Gunasekaran
	University of Wisconsin
	guna@wisc.edu


Research areas of interest
During this past year, members of the nanotech ad-hoc committee identified nanotech related research areas of potential interest to them in the future. It is important to note that the research areas identified did not imply that research was already pursued in the individual labs, but rather that there was an interest in pursuing that research in the future. Based on the individual responses, a number of seven different yet interrelated research areas were identified, materials, food-nanosystem interactions, product development/food properties, targeting and controlled release, bioseparations, biosensing, and bioconversion (Figure 1). 

Materials 

Participants: Sabliov-LA, Zhong-TN, Lo-MD, Padua-IL, Ofoli-MI, Davis-DE

· Self-assembly, chemical, and physical methods

· Nanoparticles, nanorods, nanofilms, nanostructures, new ‘nano-materials’ 
Food-nanosystem interactions 

Participants: Jung-IA, Moreira-TX, and Castell-Perez-TX, Mark Morgan-IN, Harte-TN
· Nanosystem-food component interactions

· Impact of processing conditions on nanomaterial incorporated into the food

· Safety of the nanosystems incorporated into the food matrix

Product Development/Food Properties 

Participants: Padua-IL, Sabliov-LA, Zhong-TN, Lo-MD, Jung-IA, Moreira-TX, Castell-Perez-TX, Davis-DE, Harte-TN
· Physico-chemical and sensorial properties

· Toxicity of the developed nanotech product

· Use of nanoscale structures to engineer foods with desired properties

Targeting and controlled release 

Participants: Sabliov-LA, Zhong-TN, Lo-MD, and Padua-IL
· Delivery of antimicrobials, probiotics/prebiotics/symbiotics and bioactive components such as flavors, aromas, antioxidants in a controlled fashion at the target site 

· Use of proteins as vehicles for small molecular weight hydrophobic molecules

Bioseparation 

Participants: Sabliov-LA

· Use of functionalized magnetic-polymeric nanoparticles to separate chemical entities or microorganisms of interest from food material.

Biosensing 

Participants: Lo-MD, Padua-IL, Moreira-TX, and Castell-Perez-TX, Morgan-IN, and Ofoli-MI, Subbiah-NE
· In-vitro biosensing mechanism to evaluate the functionality/toxicity/interactions among functional ingredients

· Bottom-up synthesis of microfluidics cells for detection of food pathogens

Bioconversion 

Participants: Lo-MD, Zhong-TN

· Improvement of bioconversion and control strategies for bioprocesses such as microbial fermentation and cell culture
Collaboration mechanisms
The members of the nanotech ad-hoc committee identified the following collaboration mechanisms.
1. Multi-institutional federal proposals

a. USDA NRI programs 31.0, 31.5, 32.0, 71.1, 75.0, others

b. NSF  programs

c. NIH programs

2. Publications

a. Publish as a group with existing funding

3. Workshop/Student exchange

a. Students will visit for a week a laboratory where they will learn experimental procedures specific to that lab and useful for their project 

b. A two-day workshop will be offered to teach a specific topic of interest to be rotated among participants (with possible funding from USDA, NIFSI, Industry)

4. Exchange of ideas

a. Will occur at the annual NC-1032 Nanogroup meeting


[image: image7]
Plans for 2006-2007

The activity of the NC1023 nanotechnology ad-hoc committee will continue during the 2006-2007 year. We will pinpoint the nanotech research projects ongoing in our respective laboratories, and we will start collaboration on one publication. In addition, the following questions will be addressed:

1. How do we learn as a group about nanotech related workshops that we can all attend? 

2. What form will we exist in relationship to NC 1031 (multistate nanotechnology in biosensing)?

3. Does IFT support a nanotech committee?




Figure 1. Faculty interaction based on expertise and interests
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